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Summary

Purpose: Renal cell carcinoma (RCC) is the most common 
malignant kidney tumor in adults. Dysregulation of the 
cell cycle can lead to cancer development. In this study, the 
mitosis-associated cyclin A and p16, a negative controller, 
were investigated as potential key points in the RCC devel-
opment.

Methods: This retrospective study included 74 patients 
with RCC. The expression of cyclin A and p16 and their cor-
relation to histopathological parameters (TNM stage, histo-
logical subtype, nuclear grade, tumor size), gender, age, and 
clinical outcome were studied and analyzed.

Results: The highest median value for cyclin A (40% ; range 
0-70)) and for p16 (57.5% ; range 35-80) were found in the 

papillary histological subtype. Survival analysis showed 
that in the group of patients that had died before September 
2015, the median value for cyclin A was 20% (range 0-60), 
which was significantly higher than 5% (range 0-70), found 
in the group of patients that survived (p=0.019).

Conclusions: In relation to the histological subtype, the 
papillary type of RCC was associated with  a significantly 
higher expression of cyclin A and p16 compared to other 
subtypes of RCC. High expression of cyclin A indicated 
worse prognosis, therefore cyclin A could be considered to be 
a significant prognostic marker.
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Introduction

 Renal cell carcinoma (RCC) is the most com-
mon malignant kidney tumor in adults. It is usu-
ally sporadic, and rarely (<4% of kidney tumors) it 
is associated with some familial syndrome, occur-
ring at an earlier age, often bilateral, and multi-
centered [1]. 
 Stage on presentation, low nuclear grade and 
multilocular cystic histological type of RCC were 
found to have the best prognosis, whereas col-
lecting duct RCC has the worst prognosis [2]. It 
is possible to find dedifferentiations within each 

histological type of RCC (malignant fibrous his-
tiocytoma, rhabdomyosarcoma, angiosarcoma) [3]. 
Sarcomatoid dedifferentiation, which can develop 
in all types of RCC, represents malignant trans-
formation of higher grade and is associated with 
poor prognosis [4,5]. Some patients with encour-
aging prognostic parameters develop metastatic 
disease and have adverse outcome. It is, therefore, 
necessary to find a molecular prognostic parame-
ter that will accurately determine the proliferative 
activity of RCC.
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 Cyclin A is the only described double-role cy-
clin in the cell cycle. It is essential for the replica-
tion of DNA during S phase, and has an active role 
in the initiation of mitosis [6,7]. Overexpression of 
cyclin A was observed in a large number of human 
tumors (lung cancer, breast cancer, colon cancer, 
transitional cell carcinoma of the kidneys and the 
ureters and ovarian cancer with longer survival 
[8]), and it correlates with unfavorable prognostic 
factors. Usually there is a co-expression of cyclin 
A with proliferative markers, such as PCNA and 
Ki67 [9,10]. 
 Tumor suppressor protein p16 (cyclin-de-
pendent kinase inhibitor 2A) is an inhibitor of 
CDK4 and CDK6. The cellular expression of p16 
is highly selective and it does not correlate with 
cell proliferation and maturation. The level of p16 
dramatically increases with the ageing of cells. In 
adults, p16 is normally expressed in the prolifera-
tive endometrium, breast ductal and esophageal 
epithelium, epithelium of the cervix and endo-
crine glands. In children, the expression of p16 is 
limited to HASAL body and, rarely, thymic lym-
phocytes and epithelial cells of the pancreas [6]. 
P16 gene (CDKN2A) is the most commonly inacti-
vated tumor suppressor gene in pancreatic cancer 
(95% of the patients) [11].
 We found several studies of the cell cycle reg-
ulation in RCC [12-14]. In this study, the role of 
cyclin A (in the phase of mitosis), and p16 (as a 
negative cyclin D controller, which if present in a 
sufficient amount starts the cell cycle) as potential 
key points in RCC proliferation has been analyzed. 
The aim of this study was to determine the im-
munohistochemical (IHC) expression of cyclin A 
and p16 in patients with RCC and to correlate it 
to clinical and morphological parameters (TNM 
stage, nuclear grade, histological type, tumor size, 
survival).

Methods

 This retrospective study included 74 patients with 
RCC who were operated in the Clinical Hospital Center 
“Dragisa Misovic-Dedinje” and the Clinic of Urology, 
Clinical Centre of Serbia. They were diagnosed at the 
Institute of Pathology, School of Medicine in Belgrade 
during a period of 4 years. All procedures were ap-
proved by the Ethics Committee of the Clinical Hospital 
Centre “Dr Dragisa Misovic” and the Clinical Centre of 
Serbia in accordance with the Declaration of Helsinki. 
Clinical data (gender, age, tumor size, clinical outcome 
at the time of the study conclusion) and histopathologi-
cal parameters (TNM stage, nuclear grade, histological 
type) were collected for each patient. Of the 74 patients, 
48 (64.86%) were males and 26 (34.14%) females (Fig-
ure 1), and the mean age at the operation was 59.29 

years (range 33-85). Tumor stage, histological type and 
prognostic group were determined according to the 
2004 WHO classification. Accordingly, 41 (55.41%) out 
of 74 cases were classified as grade I/II (low grade) and  
33 (44.59%) as grade III/IV (high grade). Stages pT1 and 
pT2 were classified as low-stage tumors - 42 out of 74 
patients (56.76%). pT3 and pT4 were high-stage tumors 
(32 patients;43.24%). Analysis of the different histologi-
cal types of RCC showed clear cell (49 cases; 66.22%), 
chromophobe (7 patients; 9.46%), papillary (18 patients; 
24.32%) and collecting duct (0) disease.

Immunohistochemistry

 Rabbit polyclonal antibodies to cyclin A and p16 
were purchased from Santa Cruz Biotechnology (Santa 
Cruz, CA, USA). Sections (5-nm thick) from the forma-
lin-fixed, paraffin-embedded tissue samples were de-
paraffinized and treated with 3% hydrogen peroxide 
for 15 min to block endogenous peroxidase activity. 
For the heat-induced antigen retrieval, tissue sections 
were immersed in 0.01mol/ L-1 citrate buffer (pH=6.0) 
and treated in a microwave oven for 20 min at 620 W. 
After cooling off for 30 min at room temperature, block-
ing peptide (DAKO, Glostrup, Denmark) was utilized to 
block the non-specific staining. Primary antibody to cy-
clin A (dilution 1:200) was applied for 1 hr, at 4°C, and 
antibody for p16 (dilution 1:300) was applied overnight 
at 4°C. The streptavidin-biotin method using DAKO’s 
LSAB+ kit (DAKO Cytomation, Glostrup, Denmark) was 
used, with diaminobenzidine (DAB) as the chromogen 
solution and Mayer’s hematoxylin for the counterstain. 
Normal lymph node tissue was included in every stain-
ing procedure as positive control for cyclin A and p16, 
whereas incubation with the pure antibody diluent 
(without the primary antibody) served as a negative 
control.

Evaluation of immunostaining

 Brown-colored products in the nucleus identified 
positive staining. The results of immunohistochemi-
cal staining were scored by quantitative technique: ab-
sence of staining in all tumor cells (negative staining- 
0); positive staining (1-100%; Figures 2,3). 

Figure 1. Patients with RCC by gender.
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Statistics

 For the analysis of primary data, descriptive statis-
tical methods, statistical hypothesis testing and assess-
ment methods for correlation were used. From descrip-
tive statistical methods used were measure of central 
tendency (mean), measure of variability (standard de-
viation) and relative numbers. To test the hypothesis 
about the difference of frequency Pearson’s chi-square 
test and Fischer’s exact test were used. To test the hy-
pothesis about the difference of numerical values the 
T-test and Mann-Whitney U test were used. For evalu-
ation of correlation between immunohistochemical ex-
pression of cyclin A and tumor size we used Spearman’s 
coefficient of correlation. For non-parametric statistical 
significance test Kruskal-Wallis test was used. The sta-
tistical significance was set at p<0.05. The median was 
done when the standard deviation divided by the arith-
metic mean was greater than 50%.

Results 

 In lower stages the median value of cyclin 
A expression was 7.5% (range 0-70), and of p16 
expression was 15% (range 0-80), whereas in 
higher stages the median value of cyclin A ex-
pression was 10% (range 0-60) and of p16 expres-
sion was 20% (range 0-75). The difference of ex-
pression of cyclin A and p16 in different stages 
did not show statistical significance (Table 1). In 
lower grade RCC the median value of cyclin A ex-
pression was 5% (range 0-50) and of p16 expres-
sion was 15% (range 0-80), whereas in higher 
grade RCC, the median value of cyclin A expres-
sion was 10% (range 0-70) and of p16 expression 
was 20% (range 0-80). There was no significant

Figure 2. Cyclin A: clear cell type, nuclear grade II, stage 
II, positive staining 40%, 200x.

Figure 3. p16: clear cell type, nuclear grade III, stage II, 
positive staining 30%, 400x.

Nuclear grade

Stage Lower Higher Total p Lower Higher Total p

Cyclin A Med 7.5 10.0 10.0 0.863 5.0 10.0 10.0 0.291

Min 0.0 0.0 0.0 0.0 0.0 0.0

Max 70.0 60.0 70.0 50.0 70.0 70.0

p 16 Med 15.0 20.0 20.0 0.913 15.0 20.0 20.0 0.421

Min 0.00 0.0 0.0 0.0 0.0 0.0

Max 80.0 75.0 80.0 80.0 80.0 80.0

Histological type Deadly outcome – September 2015

Stage Clear cell Papillary Chromophobe Total p No Yes Total p

Cyclin A Med 5.0 40.0 5.0 10.0 <0,001 5.0 20.0 10.0 0.019

Min 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Max 60.0 70.0 30.0 70.0 70.0 60.0 70.0

p 16 Med 10.0 57.5 10.0 20.0 <0,001 15.0 20.0 20.0 0.469

Min 0.0 35.0 0.0 0.0 0.0 0.0 0.0

Max 60.0 80.0 35.0 80.0 80.0 70.0 80.0

Table 1. Median value for cyclin A and p16 in relation to stage, grade, histological type and deadly outcome in patients 
with RCC
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difference of expression of cyclin A and p16 in 
different grades. The highest median values of 
cyclin A (40%; range 0-70; Figure 4) and p16 ex-
pressions (57.5%; range 35-80; Figure 5) were 
in the papillary histological type. There was no 
statistically significant correlation between the 
expression of cyclin A (ro=0.158; p=0.179; Table 
2), expression of p16 (ro=0.122; p=0.302) and size 
of tumors. Survival analysis showed that in the 
group of patients that had died before Septem-
ber 2015, the median value for cyclin A was 20% 
(range 0-60), which was significantly higher than 
5% (range 0-70), found in the group of patients 
that survived (p=0.019; Figure 6). The expression 
of p16 was similar in both groups (15%; range 
0-80) in the group that survived and 20% (range 
0-70) in the group of patients who died before 
September 2015.

Discussion 

 This study included 74 patients, among whom 
65% males, the results of which are consistent 
with data from literature [2]. Analyzing the immu-
nohistochemical expression of cyclin A in relation 
to stage (median value for lower stage 7.5% and 
10% for higher), it was noticed that the expression 
was higher with increasing stage of disease, how-
ever the results did not reach statistical signifi-
cance. A study which examined the expression of 
cyclin A in endometrial cancer also showed an in-
crease of the expression in higher stages and more 
aggressive tumors [15]. According to Jernman et 
al., high expression of both cyclin A and Ki67 in 
rectal neuroendocrine tumors was associated with 
tumor metastasis [16]. 
 Although p16 is thought to be a tumor sup-
pressor protein, we have found that the median 
value of p16 expression was also higher with 
higher stage. Contrary to our results, Tanaka et 
al. showed that inactivation of p15 and p16 cor-
related with higher grade, invasive and metastatic 
RCC [17]. This information could direct research 

Correlations Tumor size –
mean value (mm)

Spearman’s rho Cyclin A (%) ro 0.158

p 0.179

N 74

p16 (%) ro 0.122

p 0.302

N 74

Table 2. Median value for cyclin A and p16 in relation to 
mean tumor size

Figure 4. Median value for cyclin A in relation to histo-
logical type (p<0.001).

Figure 5. Median value for p16 in relation to histological 
type (p<0.001).

Figure 6. Median value for cyclin A in relation to deadly 
outcome (September 2015) (p=0.019).
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towards finding the factors that influence the bio-
logical behavior of p16, and possibly modify its 
primary role.
 Loss of balance between the cyclins, cyc-
lin dependent kinases and their inhibitors, leads 
cells toward malignant transformation [6]. The 
expression of cyclin A and p16 was lower in nu-
clear grade I and II, compared to higher grade, 
even though the results did not reach statistical 
significance. The results obtained for cyclin A 
were expected, considering its role in the cell cy-
cle, however, we expected p16, a tumor suppres-
sor protein, to have a lower expression in higher 
nuclear grades. A study done by the Ikureowo et 
al. suggests that absence of p16 expression may 
indicate RCC tumorigenesis [14]. Our results did 
not show the expected decrease of p16 expression 
in higher grades. Another research on thyroid tu-
mors also showed that loss of p16 is not required 
for malignant transformation, but it can be one 
of the factors [18]. On the other hand, research 
of cyclins A and E revealed the important role of 
increased expression of these cyclins in develop-
ing endometrial carcinogenesis in patients with 
breast cancer [19]. Cyclin A has prominent role in 
the emergence of non-small cell lung cancer [20] 
and acute myeloid leukemia [21]. 
 We analyzed the expression of p16 and cyc-
lin A in relation to the size of the tumor, and we 
observed no statistical difference. The highest ex-
pression of cyclin A was 70% (mean tumor size 
61.6 mm), and expression of p16 was 80% in two 
cases (61.6 and 21.6 mm mean tumor size).
 An association was noticed between cyclin A 
expression and survival duration. Subjects with 
deadly outcome had significantly higher median 
values of cyclin A expression (median 20%) com-
pared to the group of survivors. Another research 
on RCC, that analyzed survival without recurrent 
disease, showed that higher expression of cyclin 
A was correlated with poor prognosis [12]. Simi-
lar to these findings,  the research conducted by 
Mu et al. on breast cancer has shown that high 
expression of Ki67 and cyclin A unequivocally in-
dicated poor prognosis in breast cancer [22]. All of 
these results imply that high cyclin A expression 
indicates unfavorable prognosis and leads to the 
conclusion that cyclin A could be a potential prog-
nostic marker.

 Contrary to the results of cyclin A expression, 
we did not observe a significant difference in p16 
expression among groups with different survival 
duration. However, in a previous study of p16 ex-
pression in RCC cases, high expression of p16 was 
associated with a significantly better prognosis 
and longer survival, suggesting a probable role 
of p16 in the development of RCC [14]. A study 
by Tanaka et al. showed that inactivation of p15 
and p16 is one of the main pathways of oxystress-
induced carcinogenesis in RCC in rats [17]. Other 
authors pointed out the important role of p16 in 
the process of cellular ageing [23]. Vidauretta et 
al. showed that hypermethylation of p16 promoter 
is the most common mechanism for p16 gene si-
lencing, leading to a longer survival rate in pa-
tients with RCC [13].
 Regarding histological type, we have noticed 
that the papillary type had the highest median 
value of both  cyclin A expression (40%; range 
0-70) and p16 expression (57.5%; range 35-80). We 
also noticed that the expression of cyclin A and 
p16 was significantly higher in the papillary type 
compared to other types of RCC, which stresses 
the potential of these two molecules as diagnostic 
markers in this histological type. The expression 
of p16 in different histological types of tumors of 
the same location was assessed in a study of lung 
tumors where neuroexocrine lung tumors had low 
expression of p16, contrary to neuroendocrine 
lung tumors [24]. 
 These results may encourage research on the 
interactions between cyclin A and p16 as proteins 
with antagonistic effects. More detailed analysis 
of increased expression of the proto-oncogene and 
tumor suppressor gene at the same time in spe-
cific histological types of tumors could point out 
a molecular mechanism that enables  the domi-
nance of one of them in cancer development.

Aknowledgements

 Experiments were financed by the Ministry 
of Education, Science and Technological Develop-
ment, Serbia (project number 175059).

Conflict of interests

 The authors declare no confict of interests.



Cyclin A and p16 in renal cell carcinoma 1327

JBUON 2017; 22(5): 1327

References

1. Lipworth L, Tarone RE, McLaughlin J. The Epidemiol-
ogy of Renal Cell Carcinoma. J Urol 2006;176:2353-8.

2. Eble JN, Sauter G, Epstein JJ, Sesterhenn IA (Eds): 
World Health Organization Classification of Tumours. 
Pathology and Genetics of Tumours of the Urinary 
System and Male Genital Organs. IARC Press: Lyon 
2004.

3. Rosai J. Rosai and Ackerman’s Surgical Pathology (10th 
Edn), Elsevier, 2011.

4. Lopez-Beltran A, Scarpelli M, Montironi R, Kirkali Z. 
2004 WHO Classification of the Renal Tumors of the 
Adults. Eur Urol 2006;49:798-805.

5. Dhakal HP, MCKenney JK, Khor LY, Reynolds JP, Ma-
gi-Galluzzi C, Przybycin CG. Renal Neoplasms With 
Overlapping Features of Clear Cell Renal Cell Carci-
noma and Clear Cell Papillary Renal Cell Carcinoma: 
A Clinicopathologic Study of 37 Cases From a Single 
Institution. Am J Surg Pathol 2016;2:141-54.

6. Alberts B, Johnson A, Lewis J, Raff M, Roberts K, Wal-
ter P. Molecular Biology of the Cell (4th Edn). Garland, 
Pub, 2002.

7. Bogdanovic Lj, Radojevic-Skodric S, Lazic M et al. 
Immunohistochemical detection of cyclin E in transi-
tional cell carcinoma. J BUON 2011;16:727-32.

8. Davidson B, Risberg B, Berner A et al. Expression of 
cell cycle proteins in ovarian carcinoma cells in se-
rous effusions - biological and prognostic implica-
tions. Gynecol Oncol 2001;86:249-56. 

9. Yam CH, Fung TK, Poon RY. Cyclin A in cell cycle con-
trol and cancer. Cell Mol Life Sci 2002;59:1317-26.

10. Zheng K, Zhu W, Tan J, Wu W, Yang S, Zhang J. Retro-
spective analysis of large patient sample to determine 
p53 and Ki67 expressions in renal cell carcinoma. J 
BUON 2014;19:512-6.

11. Kumar V, Abbas AK, Fausto N, Mitchell R. Robbins Ba-
sic Pathology (8th Edn). Saunders, Philadelphia, 2007.

12. Aaltomaa S, Lipponen P, Ala-Opas M, Eskelinen M, 
Syrjanen K, Kosma VM. Expression of Cyclins A and D 
and p21 (waf1/cip1) proteins in renal cell cancer and 
their relation to clinicopathological variables and pa-
tient survival. Br J Cancer 1999;80:2001-7.

13. Vidauretta M, Maestro LM, Sanz-Casla MT et al. Inac-
tivation of p16by CpG hypermethylation in renal cell 
carcinoma. Urol Oncol 2008;26:239-45.

14. Ikuerowo SO, Kuczyk MA, von Wasielewski R et al. 
p16INK4a Expression and Clinicopathologic Pa-
rameters in Renal Cell Carcinoma. Eur Urology 
2007;51:732-8.

15. Santala S, Talvensaari-Mattila A, Soini Y, Honkavuori-
Toivola M, Santala M. High expression of cyclin A is 
associated with poor prognosis in endometrial endo-
metrioid adenocarcinoma. Tumor Biol 2014;35:5395-
99.

16. Jernman J, Valimaki MJ, Hagstrom J et al. Cyclin A 
predicts metastatic potential of rectal neuroendocrine 
tumors. Hum Pathol 2014;45:1605-9.

17. Tanaka T, Iwasa Y, Kondo S, Hiai H, Toyokuni S. High 
incidence of allelic loss on chromosome 5 and inacti-
vation of p15INK4B and p16INK4A tumor suppres-
sor genes in oxystress-induced renal cell carcinoma of 
rats. Oncogene 1999;18:3793-7.

18. Ball E, Bond J, Franc B, DeMicco C, Wynford-Thomas 
D. An immunohistochemical study of p16INK4a ex-
pressionin multistep thyroid tumorigenesis. Eur J 
Cancer 2007;43:194-201.

19. Metwally AM, Refaat LA, Shaaban H et al. Role of cy-
clins A and E in endometrial carcinogenesis in breast 
cancer patients under tamoxifen treatment. J Egypt 
Natl Cancer Inst 2013;25:193-8.

20. Wang L, Chen Z, Wang Y et al. WWTR1 promotes cell 
proliferation and inhibits apoptosis through cyclin A 
and CTGF regulation in non-small cell lung cancer. 
Tumor Biol 2014;35:463-8.

21. Baumer N, Baumer S, Haak M et al. A Limited Role for 
the Cell Cycle Regulator Cyclin A1 in Murine Leuke-
mogenesis. PLoS One 2015. 

22. Mu K, Li L, Yang Q et al. A standardized method for 
quantifying proliferation by Ki-67 and cyclin A immu-
nohistochemistry in breast cancer. Ann Diagn Pathol 
2015;19:243-8. 

23. Martin N, Beach D, Gil J. Ageing as developmental 
decay: insights from p16INK4a. Trends Mol Med 
2014;12:667-73.

24. Fusco N, Guerini-Rocco E, Del Gobbo A et al. The Con-
trasting Role of p16Ink4A Patterns of Expression in 
Neuroendocrine and Non-Neuroendocrine Lung Tu-
mors: A Comprehensive Analysis with Clinicopatho-
logic and Molecular Correlations. PLoS One 2015.


