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Cyclin D1 expression is associated with stage, grade 
and survival in urinary bladder carcinoma
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Abstract: This study investigates the association between cyclin D1 immunohistochemical phenotype and the clini-
copathological findings in bladder cancer. One hundred and twenty eight cases of previously diagnosed bladder can-
cer and 24 tissue samples of normal bladder were utilized for cyclin D1 expression detection using tissue microar-
rays and immunohistochemistry. High grading score of nuclear cyclin D1 immuno expression has been found in 66 
(51.6%) bladder cancer cases, while 12 (50%) control cases showed cyclin D1 immunoreactivity. Strong cyclin D1 
immunohistochemical staining has been significantly linked with low grades (P=0.001), low stages (P=0.005), while 
low scores of cyclin D1 immunostaining were associated with muscularis propria invasion (P=0.003), lymph node 
invasion (P=0.024), and vascular invasion (P=0.010). Furthermore, histotype of bladder cancer slightly associated 
with cyclin D1 immunostaining (P=0.049), all of the squamous cell carcinoma cases showed low level of cyclin D1 
immunostaining, while 55.4% of urothelial carcinoma cases revealed strong cyclin D1 immunostaining. Significant 
different survival distributions have been observed with cyclin D1 staining of transformed epithelium (P=0.026). 
High cyclin D1 staining of transformed epithelial cells is positively associated with poor survival. Our results confirm 
the great values of cyclin D1 in the prognosis of bladder cancer. These preliminary findings recommend that cyclin 
D1 maybe a valuable tissue biomarker for presaging grade, stage, and poor prognosis in bladder cancer.
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Introduction

Bladder cancer (BC) is a devastating disease 
and an important cause of cancer death around 
the world [1]. According to a recently published 
data, BC is ranked sixth in the list of most fre-
quent tumors with around 74,000 new regis-
tered cases and more than 15,000 bladder 
cancer deaths in USA in 2015 [2]. Despite 
important advances in cancer treatment, the 
disease continues to pose a big challenge to 
clinicians due to high recurrence rates, as 
50-70% of new cancer cases recur within 5 
years, and a great likelihood to progress to an 
aggressive, muscle invasive and metastatic 
forms [3, 4]. The management of BC relies 
enormously on the patients’ clinicopathological 

parameters, such as TNM staging and grade of 
the tumor, as indicators of good/poor progno-
sis. However, these parameters are not suffi-
cient to predict patients’ outcome and worse 
yet, produce large discrepancies within the 
same grade/stage. This is mainly related to het-
erogeneity of bladder cancer cells [5]. Hence 
there is an urgent need to develop new diag-
nostic and therapeutic modalities to meet clini-
cal needs for bladder cancer management; 
intensive works are being made to develop 
novel biochemical markers so as to assist in 
the diagnosis and prognosis of the tumor, 
enhance stratification of high risk patients and 
improve clinical management [6, 7]. Most of 
these tools have not been sufficiently sensitive 
or specific which necessitate the identification 
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of additional robust biomarkers that would 
more accurately predict for patient’s prognosis 
and improve therefore BC surveillance in clini-
cal setting.

Cyclin D1 is a member of G1 family of cyclins. 
Its coding gene located on band q13 of chro-
mosome 11 [8, 9]. Cyclin D1 conducts a signifi-
cant task in the cell cycle progression; it influ-
ences positively the progress G1-S phase in cell 
cycle [10]. Therefore this protein is thought a 
possible oncogene. Cyclin D1 gene amplifica-
tion or its genomic alteration, which may cause 
protein overexpression, are frequently realized 
as a clonal pathology in various human neo-
plasms. These changes in cyclin D1 gene sug-
gest the significance of overexpressed cyclin 
D1 as a player in the transformation process 
[11]. Cyclin D1 shows a leading effect in con-
trolling proliferation, conveying extracellular 
signals into cell cycle progression [12]. The 
quantity of cyclin D1 expression is greatly reac-
tive to the influence of proliferation activators 
such as growth factors and Ras [13]. Overex- 
pression of cyclin D1 could be the consequence 
of CCND1 amplification or rearrangement [14]. 
Amplifications of CCND1 have been described 
in numerous neoplasms, for instance prostate, 
bladder, breast, lung, and head and neck can-
cer [15]. Moreover, cyclin D1 overexpression 
may occur without the amplification of its cod-
ing gene in large number of colorectal carcino-
mas and to a lesser extent in breast carcino-
mas [16]. Cyclin D1 defective degradation has 
been suggested as a protein overexpression 
mechanism in some tumors [17]. This protein 
has been considered as an oncoprotein in vari-
ous tumors once overexpressed. Many investi-
gators reported cyclin D1 oncogenic effects 
and its overexpression. Furthermore, they lin- 
ked cyclin D1 with diagnosis, prognosis and 
survival in different tumors. Cyclin D1 overex-
pression has been documented in breast can-
cer [18], ovarian cancer [19], esophageal can-
cer [20], non-small cell lung carcinomas [21], 
and endometrial carcinoma [22]. Therefore, 
many studies attempted to prove that cyclin D1 
expression phenotype could be utilizedas a 
diagnostic and prognostic tissue marker in 
bladder tumors; however their findings need 
further confirmation [23-44].

In the current research study, we evaluated 
cyclin D1 immunohistochemical phenotype in 

bladder cancer in comparison with normal 
bladder tissue, and assessed the association 
of cyclin D1 immunoreactivity with clinicopatho-
logical findings and survival in the west prov-
ince of Saudi Arabia.

Material and methods

Subjects

One hundred and twenty eight tumors of blad-
der have been recovered from the archives of 
the Department of Pathology in King Abdulaziz 
University Hospital, Kingdom of Saudi Arabia. 
Furthermore, 24 cases of normal bladder were 
utilized as controls. Paraffin tissue blocks were 
sectioned and H & E stained for tumor histo-
logical evaluations. The clinical data of patients 
such as age, histotype, size, stage and grade 
were retrieved from the unit of medical records 
(Table 1). World Health Organization recom-
mendation was used for grading and staging of 
bladder cancer. All tissue blocks of tumors and 
controls were employed for tissue microarray 
production. The present study has been con-
ducted according to the obtained approval from 
Ethical Committee at King Abdulaziz University. 

Tissue microarray production

One hundred and twenty eight cases of bladder 
cancer and 24 samples of normal bladder were 
utilized for the production of tissue microarray 
(TMA) as we reported in our previous study 
[45]. TMA blocks have been sectioned and put 
on coated slides, then they have been subject-
ed to cyclin D1 immunohistochemical staining.

Immunohistochemical staining method

Multimer technology has been applied in the 
immunohistochemical staining of the tumor 
sections of bladder employing VENTANA anti-
cyclin D1 (SP4-R) antibody (Ventana, Arizona, 
USA) and ULTRAVIEW TM DAB visualizing sys-
tem according to the instruction of kit manufac-
turer (Ventana, Arizona, USA). BenchMark ULT- 
RA autostainer has been used for automated 
immunohistochemical staining (Ventana, Ariz- 
ona, USA). A negative control slide has been 
added to each staining run. This slide contained 
trisbuffer instead of anti-cyclin D1 antibody. 
Slide section of human tonsil tissue has been 
included as positive control. Cases with nuclear 
brown immunostaining in more than 5% of neo-
plastic cells were counted positive.
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Cyclin D1 immunoreactivity has been scored by 
two pathologists for staining intensity and posi-
tively stained cells percentage. The frequency 
of positively stained cells has been evaluated 
using semi-quantitative approach in three 400 
magnification fields. Cyclin D1 positively stain- 
ed cases have been scored for staining inten-
sity considering strong =3, moderate =2, weak 
staining =1, and negative =0 [45]. Staining 
intensity scores has been introduced as low 
level immunoreactivity (0 and 1) and high level 
(2 and 3) in the current study. When a differ-
ence between the scores of the two patholo-
gists has occurred, the smallest grade of stain-
ing was recorded.

Statistical analysis

IBM-SPSS version 21 has been employed for 
results analyses. Chi-Square and Fisher’s exact 

test have been applied to explore the relation-
ship of cyclin D1 immunostaining with various 
clinicopathological variables of bladder cancer. 
Log Rank (Mantel-Cox) test and Kaplan Meier 
survival curves have been applied to compare 
survival distributions for the different levels of 
Cyclin D1 immunostaining. P<0.05 has been 
presented as statistically significant.

Results

One hundred and twenty eight cases of bladd- 
er cancer (104 males and 24 females) were 
revised. Both genders showed almost similar 
distribution pattern of immunohistochemical 
staining. Clinicopathological parameters of th- 
ese cases have been presented in Table 1. The 
most common type was urothelial carcinoma 
(78.9%) and less frequently squamous differen-
tiation variant (13.3%), squamous cell carcino-

Table 1. Distribution of various clinicopathological variables of bladder cancer with cyclin D1 immu-
nostaining levels

Cyclin D1 immunostaining score
P-ValueLow High

Count Row N% Count Row N%
Gender (Male/Female) Female 11 45.8% 13 54.2% 0.824

Male 51 49.0% 53 51.0%
Histotype of Cancer (Transitional or Squamous) Squamous 6 100.0% 0 0.0% 0.049

Transitional 45 44.6% 56 55.4%

Transitional/CIS 2 50.0% 2 50.0%

Transitional/Squamous 9 52.9% 8 47.1%

Grade High Grade 38 58.5% 27 41.5% 0.001

Low Grade 15 29.4% 36 70.6%

NA 9 75.0% 3 25.0%
Stage 0a 4 23.5% 13 76.5% 0.005

0is 3 60.0% 2 40.0%
I 9 29.0% 22 71.0%
II 22 57.9% 16 42.1%
III 5 71.4% 2 28.6%
IV 15 75.0% 5 25.0%
Undecided 4 40.0% 6 60.0%

Muscularis propria Invasion NON 15 31.9% 32 68.1%

Positive 40 63.5% 23 36.5% 0.003
Undecided 7 38.9% 11 61.1%

Vascular Invasion NON 48 43.6% 62 56.4% 0.010
Positive 14 77.8% 4 22.2%

Lymph Node NON 48 44.0% 61 56.0% 0.024
Positive 14 73.7% 5 26.3%

Distant Metastases NON 47 44.3% 59 55.7% 0.060

Positive 15 68.2% 7 31.8%

Alive/Deceased status ALIVE 40 44.4% 50 55.6% 0.181

DEAD 22 57.9% 16 42.1%
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ma (4.7%), and carcinoma in situ (3.1%) (Table 
1). The average age in the present study was 
62.4 years (ranged 31-93 yrs.). One hundred 
and eighteen cases of bladder cancer have 
been found to be staged and 116 cases 
ungraded (Table 1). The total number of deaths 
from bladder cancer was 38 (29.7%). Sixty 
three cases showed muscularis propria inva-
sion, eighteen cases with vascular invasion, 
nineteen cases with lymph node involvement 
and twenty two cases with distant metastases 
(Table 1).

Cyclin D1 immunohistochemical staining was 
found significantly correlated with the histotype 
of bladder tumor, grades, stages, muscularis 
propria invasion, vascular invasion and lymph 
node invasion. Histotypes of bladder cancer 
were significantly linked with cyclin D1 staining 
intensity (P=0.049). Strong nuclear immunos-
taining of cyclin D1 was foundin 66 (51.6%) 
cases of bladder cancer which include 56 
(55.4%) cases of urothelial carcinoma (Figure 
1), 2 (50%) urothelial carcinomas in situas well 

as 8 (47.1%) cases of squamous differentiation 
variant. While all cases of squamous cell carci-
noma showed low scores of cyclin D1 immuno-
reactivity. More than 65% of the cases showed 
immunostaining in more than fifty percent of 
the transformed cells. The majority of low grade 
tumors displayed strong cyclin D1 immunos-
taining (P=0.001) whereas low level of cyclin 
D1 immunoreactivity was more common in 
tumors with high grade (Table 1). Tumor stage 
showed also significant association with cyclin 
D1 immunostaining (P=0.005), a considerable 
fraction of low stage tumors had higher cyclin 
D1 immunostaining scores whereas lowcyclin 
D1 immunoreactivity is more frequent in high 
stage (III and IV) tumors (Table 1). Muscularis 
propria invasion, vascular invasion and lymph 
node invasion occurred more frequently in 
bladder cancersin which their cells exhibited 
low score for cyclin D1 immunostaining (P= 
0.003, P=0.010, P=0.024 respectively). Fur- 
thermore, most bladder tumors which did not 
invade muscularis propria, blood vessels and 
lymph nodes showed high level of cyclin D1 

Figure 1. Nuclear cyclin D1 expression pattern in bladder cancer. A. Strong cyclin D1 immunohistochemical stain-
ing in normal bladder tissue (10 X); B. Negative cyclin D1 immunohistochemical stained bladder cancer (10 X); C. 
Strong cyclin D1 immunohistochemical stained bladder cancer (10 X); D. Moderate positive cyclin D1 staining in 
bladder cancer (10 X).
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immunoreactivity. No significant associations 
were observe with gender, presence of distant 
metastases and alive/deceased status.

The result of log-rank (Mantel-Cox) test for like-
ness of survival distributions for various pat-
tern of cyclin D1 immunostaining did not sh- 
ow significant different survival distribution 
(P=0.117). Figure 2 shows significantly poor 
survival behavior with low level of cyclin D1 
immunoreactivity so it can be said that low 
score cyclin D1 immunostaining is positively 
related to poor survival.

Twelve (50%) control cases showed nuclear 
cyclin D1 immunostaining. There was no statis-
tical variation in cyclin D1 expression observed 
among tumor cases and control group.

Discussion

Cyclin D1 regulates the G0-G1 succession as 
well as promotes cell growth. Inconsistent 
information on the significance of this protein 
have been stated in the subject of bladder can-
cer (Table 2) [23-44]. In the current study, 
immunoreactivity of cyclin D1 was found simi-
larly frequent in bladder tumors (51.6%) and 
normal tissue of bladder (50%) with no statisti-
cal significant difference; however, the present 

MIBC tumors and tumors with vascular invasion 
and lymph node involvement showed more fre-
quently low level of immunohistochemical 
scores.

Although, at present, there is neither single tis-
sue biomarker that is able to predict the clinical 
outcomes of bladder tumors nor markers devel-
oped from the bladder cancer pathogenesis 
can be respected to recognize individuals at 
risk for tumor progression. Our results have 
established significant associations of cyclin 
D1 expression with histotype, grade, stage, 
muscularis propria invasion, lymph node inva-
sion, vascular invasion, and poor survival of 
bladder tumors. Furthermore, these outcomes 
are consistent with the findings of many other 
studies [28, 31, 34, 38-43] which have stated 
that cyclin D1 expression was correlated with 
low grade and stage tumors (Table 2). However, 
they contradicted the conclusions of Xu et al. 
[23], Seiler et al. [24], Lee et al. [30], Shariat et 
al. [33] and Sgambato et al. [37] who did not 
find similar association in bladder malignancy.

It has been accepted that high grade neo-
plasms of bladder have higher progression and 
invasiveness rate more than low-grade tumors 
[46]. In this study, the phenotype of cyclin D1 

Figure 2. Kaplan Meier survival curves by pattern of cyclin D1 immunostain-
ing shows significantly poor survival behavior associated with cyclin D1 im-
munostaining in bladder cancer.

results are consistent with 
those of other studies [23, 
39, 43] which documented 
almost similar frequency of 
positive cyclin D1 immunos-
taining in bladder tumors (Ta- 
ble 2). The level of Cyclin D1 
immunoreactivity was associ-
ated with good and poor prog-
nosis [36, 37]. Nevertheless, 
most of the reports regarding 
immunohistochemical pheno-
type of cyclin D1, performed 
in bladder malignancy, have 
involved cases of low stage 
bladder cancer with no mus-
cularis propria invasion (NMI- 
BC). The current report has 
investigated bladder cancer 
with muscularis propria inva-
sion (MIBC) and NMIBC. It  
was found that high level of 
cyclin D1 immunoreactivity is 
more frequent in NMIBC while 
high stage and grade tumors, 
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Table 2. Correlation between high level of cyclin D1 immunoreactivity and clinicopathological parameters in the current study compared to previ-
ous studies of the literature

Previous studies
Cyclin D1 
in Bladder 

Cancer

Cyclin D1 
in Normal 
Bladder

Histotype Grade Stage Recurrence 
Muscularis 

propria NMIBC 
vs. MIBC

Vascular 
Invasion Lymph Node Distant  

Metastases
Alive/De-

ceased status Survival

The current study 51.6% P=0.049 Low grades 
P=0.001

Low stages 
P=0.005

NMIBC P=0.003 Inverse rela-
tion P=0.010

Inverse rela-
tion P=0.024

Not significant Not significant Weak staining 
Poor survival

Xu et al. [23] 56.5% 
P=001

12.5% High grades 
69.8% P=0.001

High stages 
76.9% P=0.012

70.3% 
P=0.024

MIBC 76.9% 
P=0.012

Strong staining 
Poor survival

Seiler et al. [24] Not significant Not significant Not significant Strong staining 
Poor survival

Fristrup et al. [25] Negative MIBC P<0.001

Kopparapu et al. [26] 88.3% 
P=0.001

81.7% Not significant NMIBC P=0.001 P<0.001

Olsson et al. [27] 71.% Not significant Not significant Not significant Not significant Not significant

Lenz et al. [28] Low grades 
P=0.002

Low stages 
P=0.0007

Behnsawy et al. [29] Not significant

Lee et al. [30] 19.5% High stages 
P=0.017

Inverse rela-
tion P=0.036

Not significant

Levidou et al. [31] 99.36% Not signifi-
cant

Low grades 
P=0.0001

Low stages 
P=0.0001

MIBC P=0.0033 Weak staining 
Poor survival

Brunner et al. [32] 39% Not significant MIBC P=0.032 P=0.032 P=0.032

Shariat et al. [33] 69% 100% Not significant Not significant Not significant Not significant Not significant Not significant Not significant

Galmozzi et al. [34] Low stages 
P=0.001

Not significant

Yurakh et al. [35] P=0.0053 P=0.0053 P=0.0053

Lopez-Beltran et al. 
[36]

P<0.001 P<0.001 P<0.001 Strong staining 
Poor survival

Sgambato et al. [37] Not significant Not significant Strong staining 
Good survival

Ioachim et al. [38] 26% Negative Low grades 
P=0.05

Low stages 
P=0.021

Mhawech et al. [39] 48% Low grades 
P<0.001

Low stages 
P=0.002

Tut et al. [40] 83% Low grade 
P<0.005

Low stage 
P<0.005

Weak staining 
Poor survival

Takagi et al. [41] 77% Negative Low grades 
P<0.0001

Low stages 
P<0.0001

Not significant Weak staining 
Poor survival

Liukkonen et al. [42] 75% Low grades 
P=0.006

Low stages 
P=0.001

P=0.04 MIBC P=0.014

Wagner et al. [43] 45% P<0·005 Low grades 
P<0·005

Low stages
P<0·005

Not significant Not significant Not significant Not significant

Shin et al. [44] 25.3% Not significant P<0.01 Not related
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was correlated with the degree of cancer pro-
gression and invasiveness. Absenceor low sc- 
ore of cyclin D1 immunoexpression in bladder 
neoplasm was found to be related to muscula-
ris propria invasion, vascular invasion, lymph 
node invasion. Since nucleus is the ordinary 
location of this protein in normal cells, changed 
expression or localization of cyclin D1 may lead 
to changes in the biological behavior of trans-
formed cells, for instance growth, proliferation, 
invasion and survival [47]. Our findings recom-
mend the usage of cyclin D1 as a possible bio-
marker for the stratification of bladder tumor 
subtypes for personalized therapy.

The differences between the previous studies 
and the current one could be clarified by meth-
ods sensitivity, people’s difference, and varia-
tions in the size of samples. The present report 
and previous similar ones which evaluated the 
diagnostic and prognostic power of cyclin D1 
immunoreactivity in bladder malignancy had 
weakness points such as the relatively small 
sample size involved in these studies and the 
semi-quantitative interpretation of immunos-
taining. However, greater inclusive studies are 
undoubtedly of great value for estimating the 
diagnostic and prognostic values of cyclin D1 
immunoreactivity in bladder malignancy. 

The findings of the current study support using 
cyclin D1 to support the diagnosis and progno-
sis of bladder tumor. These preliminary findings 
recommend cyclin D1 as a valuable tissue bio-
marker for predicting histotype, grade, stage, 
progression and prognosis in bladder neo-
plasms. The correlation of cyclin D1 with sev-
eral clinicopathological parameters suggests 
the involvement of this molecule in bladder 
cancer progression.
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