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Decreased expression of uroplakin la is associated
with colorectal cancer progression and poor
survival of patients
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Abstract: Aim: The present study was to investigate the clinical significance of Uroplakins la (UPKIa) in the develop-
ment of colorectal cancer. Methods: mRNA levels of UPKIa in paired colorectal cancer lesions and the adjacent
noncancerous tissues were examined using real-time PCR. The expression and prognostic value of UPKla were
examined in 125 colorectal cancer patients after resection. Statistical analyses were applied to derive prognostic
associations. Results: UPKla mRNA level was down-regulated in colorectal cancer lesions compared with that in
the paired adjacent noncancerous tissues. Reduced expression of UPKla was significantly associated with clinical
staging (P = 0.038), and tumor size (P = 0.035) of the disease. Moreover, low expression of UPKla was significantly
associated with poorer overall (OS) and recurrent free (RFS) survival (P = 0.017 and P = 0.007, respectively) of
colorectal cancer patients. Multivariate analysis suggested that reduced expression of UPK1a was an independent
prognostic marker of colorectal cancer (P = 0.047). Conclusions: Low expression of UPKla was a promising predic-
tor for poor outcome of colorectal cancer patients. Further studies on the potential use of UPKIa as a therapeutic

targetis are still needed.
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Introduction

Colorectal cancer, one of the most aggressive
carcinomas of the gastrointestinal tract, is a
major cause of cancer-related deaths around
the world [1]. It has been reported that the
5-year prevalence was estimated at 3,260,000,
and the mortality of colorectal cancer was more
than 600,000 deaths every year worldwide [2].
Although many improvements have been made
in early tumor detection, surgical techniques
and adjuvant therapy (chemotherapy and radio-
therapy), distant metastasis and tumor recur-
rence substantial problems, and the outcomes
of colorectal cancer remains far from satisfac-
tory. Therefore, it is of great clinical value to find
useful and specific biomarkers for the diagno-
sis and prognosis of the disease, as well as
novel therapeutic strategies.

Uroplakins are urothelial differentiation-related
membrane proteins that exhibited typical 2D
crystals of hexagonally packed 16-nm parti-

cles. Initially, four major uroplakin proteins have
been identified as uroplakins la, Ib, Il and llla
[3]. These proteins represent major urothelial
cytodifferentiation products and are highly con-
served during mammalian evolution [4]. The
expression of uroplakins is paired, tetraspanins
UPla and UPIb interact with UPIl and UPIII,
respectively, and the formed heterodimers is a
prerequisite for uroplakins to exit from the
endoplasmic reticulum, and that co-transfec-
tion of correct uroplakin pairs significantly
increase the stability of uroplakin proteins [5,
6]. Uroplakins la (UPKIla) and Ib belongs to a
family of membrane proteins called ‘tetraspan-
ins’, which have four transmembrane domains,
a small and a large extracellular loops, and sev-
eral highly conserved amino acid residues
including 4-6 cysteines and several polar resi-
dues in or near the transmembrane domains
[7]. Some tetraspanin genes have been shown
to have reduced patterns of expression in can-
cer, suggesting that they may function as tumor
suppressor genes [8]. Recently, UPKla has
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Figure 1. Decreased UPKla mRNA expression in colorectal cancer specimens
was detected by Real-time PCR (n = 10) compared with adjacent non-tumor tis-

sue. asterisks, P < 0.05.

been implicated as a prognostic biomarker in
several tumors. Kong et al. reported that UPKIa
expression was down-regulated in esophageal
squamous cell carcinoma (ESCC), and that
ectopic expression of UPKla in ESCC cells inhib-
ited cell proliferation, suggesting that UPKla
serve as an important tumor suppressor gene
in ESCC progression [9]. Zheng et al. demon-
strated that decreased UPKIla expression is
associated with poor clinical prognosis of gas-
tric adenocarcinoma patients [10]. However,
the clinicopathological and prognostic signifi-
cance of UPKIla in colorectal carcinoma has not
yet been described.

In this study, we report for the first time charac-
terization of UPKla expression in human
colorectal cancer tissues and their correlation
with clinicopathologic features. We found that
UPKIla expression was correlated with clinical
staging and tumor size of the disease. Multi-
variate analysis suggested that UPKIla expres-
sion was an independent prognostic marker for
overall and recurrent-free survival in patients
with colorectal cancer. Our data suggest that
UPKla might play a role in the development and
progression of colorectal carcinoma, and it
might be a potential prognostic biomarker for
predicting postoperative survival in patients
with colorectal carcinoma.

Materials and methods
Patients and tissue specimens

Clinical tissue samples used in this study were
clinically and histologically diagnosed at the
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and the World Health
Organization classification
was used for pathologic
grading. None of the pa-
tients had undergone ei-
ther chemotherapy or ra-
diotherapy before the col-
lection of the samples.
Patients were followed-up every 3 months from
the time of primary resection for the first two
years, followed by every 6 months for five years.

Real time PCR analyses

Total RNA from fresh tissues were extracted
using a Trizol reagent (Invitrogen) according to
the manufacturer’s instructions. The RNA was
treated with DNase, and 2.ug of total RNA was
used for cDNA synthesis using random hexam-
ers. For the evaluation of the relationship
between GAPDH (internal control) and UPKla,
the primer selected were as follows: for UPKla,
forward, 5’-TGCCATCTTCTGCGGCTTCT-3’, rever-
se, 5-ATCACGGTGGGTGTAGGACG-3’; and for
GAPDH, forward, 5-CTCCTCCTGTTCGACAGTC-
AGC-3’, reverse, 5’-CCCAATACGACCAAATCCGT-
T-3.

Immunohistochemical (IHC) analysis

Immunohistochemistry was done to examine
UPKla expression in 125 human colorectal car-
cinoma tissue specimens. UPKla was detected
using a goat anti-UPKIla polyclonal antibody
(Santa Cruz, USA). Briefly, a paraffin section of
the colorectal carcinoma tissue from the
patient was deparaffinized with xylene and
rehydrated. Antigenic retrieval was processed
by submerging the sample in citrate buffer and
microwaving. The sections were then treated
with 3% hydrogen peroxide in methanol to
quench the endogenous peroxidase activity.
Non-specific binding was blocked by treating
the slides with 1% bovine serum albumin. The
sections were then incubated overnight at 4C
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Figure 2. Strong (A, B) and weak (C, D) expression of UPKIa in colorectal cancer tissues by immunohistochemistry
assays. (A, C with 200 x magnification; B, D with 400 x magnification).

with anti-UPKla antibody (1:400). After wash-
ing, the tissue sections were then incubated
with the biotinylated secondary antibody fol-
lowed by further incubation with streptavidin-
horseradish peroxidase complex. Finally, the
sections were developed with diaminobenzi-
dine tetrahydrochloride (DAB) and counter-
stained with hematoxylin.

The degree of immunostaining of formalin-fix-
ed, paraffin-embedded sections was reviewed
and scored independently by two observers,
based on both the proportion of positively
stained tumor cells and the intensity of stain-
ing. The proportion of tumor cells was scored
as follows: O (no positive tumor cells), 1 (< 10%
positive tumor cells), 2 (10-50% positive tumor
cells), 3 (50-80% positive tumor cells), and 4 (>
80% positive tumor cells). The intensity of stain-
ing was graded according to the following crite-
ria: O (no staining); 1 (weak staining = light yel-
low), 2 (moderate staining = yellow brown), and
3 (strong staining = brown). The staining index
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(SI) was calculated as staining intensity score X
proportion of positive tumor cells. Using this
method of assessment, we evaluated the
expression of AEG-1 in benign breast epitheli-
um and malignant lesions by determining the
Sl, which scored as 0-4, 6, 9, and 12. Cutoff
values for UPKla were chosen on the basis of a
measurement of heterogeneity with the log-
rank test statistical analysis with respect to
overall survival. An optimal cutoff value was
identified: the Sl score of >4 was used to define
tumors as high UPKla expression, and < 3 as
low expression of UPKla.

Statistical analysis

All statistical analyses were carried out using
the SPSS 17.0 statistical software package.
The x? test for proportion was used to analyze
the relationship between UPKIa expression and
clinicopathological characteristics. Survival
curves were plotted by the Kaplan-Meier meth-
od and compared by the log-rank test. The sig-
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Table 1. Correlation between UPKIa expres-
sion and clinicopathologic characteristics in
colorectal cancer

Characteristics UPKIA -
Low High
Age 0.804
<60y 41 29
>60y 31 24
Sex 0.729
Male 44 34
Female 28 19
UICC Stage 0.038
I-11 37 37
-1v 35 16
Tumor size 0.035
<5cm 46 43
>5cm 26 10
Grade score 0.956
G1-2 56 41
G314 16 12
Preoperative CEA 0.326
<5 ng/ml 39 24
> 5 ng/ml 33 29

nificance of various variables for survival was
analyzed by the Cox proportional hazards
model in the multivariate analysis. AP < 0.05 in
all cases was considered statistically signi-
ficant.

Results
Real-time PCR analysis

Real-time PCR was performed on 10 pairs of
surgical specimens (colorectal cancer and
adjacent non-tumor tissues) to examine the
mMRNA expression of UPKIla. There was a signifi-
cant difference in the average expression level
of UPKIa mRNA between the tumor tissues and
the paired non-tumors (Figure 1), and the
expression of UPKIa was lower in tumor tissu-
es.

Immunohistochemistry analysis

To further investigate the expression of UPKla
in colorectal cancer, paraffin-embedded tissue
(n = 125) were used for immunohistochemical
analysis. The results showed that the positive
UPKIla expression was localized to the mem-
brane and cytoplasm (Figure 2). Seventy-three
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cases (58.4%) exhibited low expression of
UPKla (Table 1).

Association of UPKla expression with clinico-
pathological characteristics

The correlation of UPKIa expression and clinico-
pathological factors were analyzed according to
the IHC detection results. We observed that
reduced UPKla expression was significantly
associated with UICC stage (P = 0.038) and
tumor size (P = 0.035) (Table 1). Furthermore,
we investigated the relationship of UPKla
expression and the clinical outcomes of the125
patients with colorectal cancer. The median
observation period was 33.7 months (range,
0.5 to 60 months). The Kaplan-Meier survival
analysis indicated that the OS (P = 0.017, Figure
3A) and RFS (P = 0.007, Figure 3B) were signifi-
cantly higher in the higher UPKla expression
group compared with the lower UPKIa group.
Multivariate Cox proportional hazards model
analysis revealed that UPKla expression was
an independent prognostic factor for OS (P =
0.047, Table 2) and RFS (P = 0.029, Table 2).

Discussion

In this report, we present the first evidence that
a tetraspanin protein, UPKIa, is downregulated
in colorectal carcinoma tissues. UPKIla protein
was observed in 92.7% of colorectal carcinoma
specimens, and the expression level of UPKla
protein was found to be significantly associated
with clinical staging and tumor size of colorec-
tal tumor and the prognosis of patients with
colorectal carcinoma.

Uroplakins are transmembrane N-glycosylated
proteins originally found to be exposed at the
luminal face of mammalian urothelium. UPla
and Ib contains a single N-glycosylation site in
their large, extracellular loop that harbors high
mannose and complex sugars, respectively.
The prosequence portion of UPII contains three
N-glycosylation sites, while the mature UPII
does not have one. UPIIlI contains x sites that
harbor complex sugars. Although such a glyco-
sylation pattern is conserved among uroplakins
of bovine, mouse and human, it can change as
a function of urothelial differentiation as the
glycosylation of uroplakins in cultured urotheli-
al cells and transfected cells can vary [5, 11,
12]. UPKla is a member of the transmembrane
4 superfamily, also known as the tetraspanin
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Figure 3. Kaplan-Meier curves of 125 patients inflicted with colorectal cancer with low expression versus high ex-

pression of UPKIla (A: OS; B: RFS).

Table 2. Multivariate analyses of various prognostic parameters in patients with colorectal cancer

Cox-regression analysis

Prognostic variables

0S

RFS

Hazard ratio (95% Cl)

P Hazard ratio (95% Cl) P

Age (< 60 vs > 60)
Sex (M vs F)
UICC Stage (IlI-IV vs I-I1)

0.626 (0.081-4.854
1.411 (0.409-2.119
2.613 (0.704-9.696

Grade score (G1-2 vs G3-4)
Tumor size (> vs <5 cm)
Preoperative CEA (> vs <5 ug/ml)
UPKla expression (Low vs High)

1.242 (0.394-3.914
1.215 (0.496-2.987
1.584 (0.448-5.139
2.632 (0.584-4.562

0.654 0.771 (0.147-5.774) 0.598
0.145 1.409 (0.265-2.146) 0.244
0.151 2.596 (0.493-6.213) 0.018
0.711 2.591 (0.694-9.677) 0.153
0.067 1.278 (0.545-2.998) 0.057
0.043 1.549 (0.472-5.087) 0.157
0.047 2.729 (0.617-4.847) 0.029

family, which may play a role in the regulation of
cell development, activation, growth and motil-
ity [13]. It has been shown that UPKla may
serve as the urothelial receptor for the FimH
protein of uropathogenic Escherichia coli (UPE-
C), and that the binding of UPEC to UPKIla may
play a crucial role in mediating the epithelial
responses to UPEC attachment [14]. A correla-
tion of UPKla with cancer development and pro-
gression has recently been demonstrated by
studies from several groups, in which the
expression profiles of UPKIa vary in different
types of human tumors. Kageyama et al. report-
ed that high expression of UPKla was observed
in 94.4% moderately- to well-differentiated,
while in 80.0% poorly differentiated urinary
bladder transitional cell carcinoma [15]. Wang
et al. found that the expression of UPKla in gas-
tric cancer was reduced in compared with adja-
cent non-tumor tissues [10]. Our study has pro-
vided evidence that UPKla expression was
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downregulated in colorectal cancer tissues
compared with normal colon tissues. Our find-
ing further characterizes the expression pat-
terns of UPKIa in human gastrointestinal tract
cancers.

The expression of uroplakins has been related
to the clinicopathologic features of several
tumors. Wu et al. demonstrated that UPKII was
might be a useful marker for detecting micro-
metastases of bladder cancer in the pelvic
lymph nodes [16]. Huang et al. revealed that
absent UPK expression was associated with
advanced pathologic stage, lymph node status,
recurrence, and cancer specific mortality in
bladder cancer [17]. Matsumoto et al. reported
that loss of UPKIIl expression is associated
with lymphovascular invasion, pathologic stage,
grade, and decreased cancer-specific survival
of aggressive bladder cancer [18]. It was not
until recently that UPKIa was proposed to be
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prognostically useful. Our study was in line with
these studies in that downregulated expression
of UPKla was associated with the poor progno-
sis. Collectively, these studies described the
prognostic roles of UPKla in tumors from the
same gastrointestinal tract organs. Further
studies are still needed to evaluate the roles of
UPKla in predicting the prognosis in other
tumors.

It is noteworthy that UPKla has been found, in
our study, to strongly correlate with clinical
staging and tumor size. The best explanation
may be that UPKIa, as a potential tumor sup-
pressor gene, may be involved in tumor devel-
opment and progression. This is supported by
Cowled et al, who demonstrated that the pro-
moter of UPKIb gene could be regulated by CpG
methylation, in which Sp1 and NFkB, and other
signaling and factors may be involved [19].

In conclusion, our findings suggest that the
downregulation of UPKla may be useful as a
prognostic marker of colorectal cancer progres-
sion. Further study of the detailed molecular
mechanism of UPKla involvement in the devel-
opment and progression of colorectal cancer is
warranted. Nevertheless, our study has provid-
ed a basis for the development of a novel bio-
marker for the prognosis of colorectal cancer.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Mingjian Wu, Depar-
tment of General Surgery, The Affiliated Hexian
Memorial Hospital of Southern Medical University, 2
E Qinghe Road, Panyu District, Guangzhou, GD
511400, China. Tel: +86 137-1133-2838; Fax: +86
020-846-34146; E-mail: wumingjiancolon@126.
com

References

[1]  Yee YK, Tan VP, Chan P, Hung IF, Pang R and
Wong BC. Epidemiology of colorectal cancer in
Asia. J Gastroenterol Hepatol 2009; 24: 1810-
1816.

[2] Haggar FA and Boushey RP. Colorectal cancer
epidemiology: incidence, mortality, survival,
and risk factors. Clin Colon Rectal Surg 2009;
22:191-197.

[31 Wu XR, Kong XP, Pellicer A, Kreibich G and Sun
TT. Uroplakins in urothelial biology, function,
and disease. Kidney Int 2009; 75: 1153-1165.

5036

[4]  Wu XR, Lin JH, Walz T, Haner M, Yu J, Aebi U
and Sun TT. Mammalian uroplakins. A group of
highly conserved urothelial differentiation-re-
lated membrane proteins. J Biol Chem 1994;
269: 13716-13724.

[5] HuCC, Liang FX, Zhou G, Tu L, Tang CH, Zhou J,
Kreibich G and Sun TT. Assembly of urothelial
plaques: tetraspanin function in membrane
protein trafficking. Mol Biol Cell 2005; 16:
3937-3950.

[6] Tul,SunTT and Kreibich G. Specific heterodi-
mer formation is a prerequisite for uroplakins
to exit from the endoplasmic reticulum. Mol
Biol Cell 2002; 13: 4221-4230.

[7]1 Stipp CS, Kolesnikova TV and Hemler ME.
Functional domains in tetraspanin proteins.
Trends Biochem Sci 2003; 28: 106-112.

[8] Finch JL, Miller J, Aspinall JO and Cowled PA.
Cloning of the human uroplakin 1B cDNA and
analysis of its expression in urothelial-tumor
cell lines and bladder-carcinoma tissue. Int J
Cancer 1999; 80: 533-538.

[9] Kong KL, Kwong DL, Fu L, Chan TH, Chen L, Liu
H, Li Y, Zhu YH, Bi J, Qin YR, Law SY and Guan
XY. Characterization of a candidate tumor sup-
pressor gene uroplakin 1A in esophageal
squamous cell carcinoma. Cancer Res 2010;
70: 8832-8841.

[10] ZhengY, Wang DD, Wang W, Pan K, Huang CY,
Li YF, Wang QJ, Yuan SQ, Jiang SS, Qiu HB,
Chen YM, Zhang XF, Zhao BW, Mai C, Xia JC
and Zhou ZW. Reduced expression of uropla-
kin 1A is associated with the poor prognosis of
gastric adenocarcinoma patients. PLoS One
2014; 9: e93073.

[11] Astorg P, Boutron-Ruault MC, Andrieux C, Bla-
chier F, Blottiere H, Bonithon-Kopp C, Cassand
P, Chaumontet C, Cherbut C, Clavel-Chapelon
F, Corpet D, Duee PH, Gerber M, Meflah K,
Menanteau J and Siess MH. [Dietary fibers and
colorectal cancer. Experimental studies, epide-
miology, mechanisms]. Gastroenterol Clin Biol
2002; 26: 893-912.

[12] Xie B, Zhou G, Chan SY, Shapiro E, Kong XP, Wu
XR, Sun TT and Costello CE. Distinct glycan
structures of uroplakins la and Ib: structural
basis for the selective binding of FimH adhesin
to uroplakin la. J Biol Chem 2006; 281: 14644-
14653.

[13] Wu XR, Medina JJ and Sun TT. Selective inter-
actions of UPla and UPlb, two members of the
transmembrane 4 superfamily, with distinct
single transmembrane-domained proteins in
differentiated urothelial cells. J Biol Chem
1995; 270: 29752-29759.

[14] Zhou G, Mo WJ, Sebbel P, Min G, Neubert TA,
Glockshuber R, Wu XR, Sun TT and Kong XP.
Uroplakin la is the urothelial receptor for uro-
pathogenic Escherichia coli: evidence from in

Int J Clin Exp Pathol 2014;7(8):5031-5037



[15]

[16]

[17]

Prognostic role of UPKIa in colorectal cancer

vitro FimH binding. J Cell Sci 2001; 114: 4095-
4103.

Kageyama S, Yoshiki T, Isono T, Tanaka T, Kim
CJ, Yuasa T and Okada Y. High expression of
human uroplakin la in urinary bladder transi-
tional cell carcinoma. Jpn J Cancer Res 2002;
93: 523-531.

Wu X, Kakehi Y, Zeng Y, Taoka R, Tsunemori H
and Inui M. Uroplakin Il as a promising marker
for molecular diagnosis of nodal metastases
from bladder cancer: comparison with cytoker-
atin 20. J Urol 2005; 174: 2138-2142; discus-
sion 2142-2133.

Huang HY, Shariat SF, Sun TT, Lepor H, Shapiro
E, Hsieh JT, Ashfaq R, Lotan Y and Wu XR. Per-
sistent uroplakin expression in advanced uro-
thelial carcinomas: implications in urothelial
tumor progression and clinical outcome. Hum
Pathol 2007; 38: 1703-1713.

5037

(18]

(19]

Matsumoto K, Satoh T, Irie A, Ishii J, Kuwao S,
Iwamura M and Baba S. Loss expression of
uroplakin 1l is associated with clinicopatho-
logic features of aggressive bladder cancer.
Urology 2008; 72: 444-449,

Cowled P, Kanter |, Leonardos L and Jackson P.
Uroplakin Ib gene transcription in urothelial tu-
mor cells is regulated by CpG methylation.
Neoplasia 2005; 7: 1091-1103.

Int J Clin Exp Pathol 2014;7(8):5031-5037



