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Abstract 
Prostate cancer continues to be a health problem by epidemiological indicators, despite prevention and detection programs and advanced 
knowledge of molecular biology. Acinar forms are the most common and constitute a tumor group with a relatively good prognosis, but sometimes 
unpredictable compared to the associated histopathological (HP) parameters. Among the molecular mechanisms involved in tumor cell proliferation 
is the disruption of the cell cycle, and the evaluation of the expression of key proteins involved can assist the histological stratification of cases. 
The study investigated the immunoexpression of Cyclin D1, P53 and Ki67 in 55 prostatic acinar adenocarcinomas (PAAs), in relation to the HP 
prognostic parameters of the lesions. High reaction scores expressed as positivity index (PI) indicated the significant association of the three 
markers with increased grading groups recommended by International Society of Urological Pathology (ISUP), perineural and lymphovascular 
invasion. P53 PI and Ki67 PI were significantly or at the limit of significance increased in conventional and colloidal PAA, and in the case of P53 
and in addition in advanced stages. Analysis of the effective values of the reactions indicated significant positive linear correlations between 
the investigated immunomarkers. The reactions were variable in a relatively homogeneous group of PAA and although they were generally 
associated with aggressive HP behavior, they seem useful in the punctual identification of cases that require a particular management, in 
the context of specific oncological therapy. 
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 Introduction 
Prostatic acinar adenocarcinomas (PAA) are the most 

common age-dependent malignant tumors of men, with 
variable incidence and an increasing mortality rate due to 
advanced disease, ranking them after lung cancer [1, 2]. 
Although they generally have a better prognosis compared 
to other malignant tumors and can be easily diagnosed 
through screening programs, there are many cases that 
deviate from the classic biological behavior associated with 
tumor grade and that contribute to worsening epidemiological 
data [3]. Identification of useful markers for refining the 
criteria for assessing PAA with evolutionary potential may 
improve the prognosis of patients. The relationship of tumor 
cell proliferation with cell cycle disruption is generally well 
known in the progression of malignant lesions, which seem 
to depend on the alteration of signaling pathways and 
checkpoints in the form of non-lethal modifications that 
allow tumor cell survival [4]. 

Cyclin D1 is an essential regulator of the cell cycle, 
with a role in cell proliferation and in the mechanisms of 
resistance to hormonal therapy of PAA, with controversial 
data regarding the level of expression in relation to the 
aggressiveness of prostate tumors [5–7]. At the same time, 
one of the guardians of the cell cycle represented by p53, 

with a role in the control of progression in the cycle and 
in apoptosis, is identified in many studies as a marker of 
advanced PAA with a reserved prognosis [8, 9], although 
there are studies that do not support the association with 
some histological parameters of aggressiveness of the lesions 
[10, 11]. The variability of the reported results may be 
due to the heterogeneity of prostate carcinomas, which in 
addition to different growth patterns, can present neuro-
endocrine or sarcomatoid differentiations present in a 
particular stromal microenvironment and dependent on 
endocrine sensitivity and interaction with paracrine signaling 
[12–14]. 

In the context in which the two proteins have an essential 
role in cell proliferation both directly and through complex 
interactions with other biomolecular mechanisms of 
progression, it is of interest to know the expression in 
PAA and the potential for their therapeutic interference. 
Also, the hormonal dependence of PAA and the interaction 
of Cyclin D1 with the status of androgen receptors (ARs) 
seems to be one of the mechanisms that stimulate tumor 
proliferation [15]. This aspect is also supported by the 
diminution to the loss of Cyclin D1 immunoexpression 
in hormone-independent nonacinar prostate carcinomas 
[16]. Moreover, some authors have supported significant 
associations of cyclin with estrogen receptor beta (ERβ) 
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immunoreactivity suggesting a possible estrogen-dependent 
regulation of this protein [17]. 

Most studies designate Ki67 as a good indicator of tumor 
proliferation rate in PAA and of aggressiveness and prognosis, 
being generally consistent with the histological parameters 
of tumor lesions [18, 19]. 

Aim 

The study followed the immunoexpression of Cyclin D1, 
p53 and Ki67 in relation to the main histological prognostic 
parameters of PAAs. 

 Materials and Methods 
In this study, we analyzed 55 PAAs, which were 

diagnosed within the Department of Pathology, Emergency 
County Hospital, Craiova, Romania, during 2020–2023, 
in patients operated on in the Department of Urology of the 
same Hospital. The study included only primitive PAA, 
with no history of previous oncological treatments, no history 
of local treatments or repeated endoscopies for benign 
nodular hyperplasia or acute chronic inflammation. The 
biological material was represented by prostatectomy 
specimens or transurethral resection of the prostate (TURP) 
fragments, without major electrocoagulation artifacts and 
without primary processing defects. If a case had TURP and 
prostatectomy fragments available, the resection fragments 
were chosen if pre-prostatectomy oncological treatments 
were performed or prostatectomy if radical surgery was 
performed directly. No biopsy fragments were selected, 
and cases with associated prostatectomy were selected under 
the same conditions as previously described. Classification 
and assessment of PAA was performed in accordance with 
the latest World Health Organization (WHO) criteria for 
PAA [20]. 

For histopathological (HP) analysis, the biological 
material was processed by paraffin embedding and 
staining with Hematoxylin–Eosin (HE), and tumor subtype, 
grading groups recommended by International Society of 
Urological Pathology (ISUP), lymphovascular invasion 
(LVI), perineural invasion (PNI) and tumor stage were 
followed. The distribution of cases in relation to HP 
parameters was analyzed in relation to the immunoexpression 
of Cyclin D1 (rabbit monoclonal antibody), P53 and Ki67 
(mouse monoclonal antibodies) (Table 1). 

Table 1 – Protocols for IHC reactions 

Antibody 
Clone/ 

Manufacturer 
Dilution 

Pretreatment 
(HIER) 

External 
positive 
control 

Cyclin D1 
EP12/Agilent 

Dako 
1:100 

Tris/EDTA 
buffer, pH 9 

Tonsil 

P53 
DO-7/Agilent 

Dako 
1:50 

Tris/EDTA 
buffer, pH 9 

OSCC 

Ki67 
MIB-1/Agilent 

Dako 
1:75 

Citrate buffer, 
pH 6 

Tonsil 

EDTA: Ethylenediaminetetraacetic acid; HIER: Heat-induced epitope 
retrieval; IHC: Immunohistochemical; OSCC: Oral squamous cell 
carcinoma. 

From the paraffin blocks, 4 μm sections were obtained on 
which immunohistochemical (IHC) reactions were performed 
and which were prepared for incubation with antibodies by 
deparaffinization with xylene, hydration with alcoholic 
solutions, washing in distilled water, antigen retrieval (Table 1), 

inhibition of endogenous peroxidase and non-specific sites 
with hydrogen peroxide and bovine serum albumin (BSA) 
1.5%. After incubation with specific antibodies overnight 
at 4ºC, the sections were washed with phosphate-buffered 
saline (PBS) and incubated with the secondary antibody 
(20 minutes) from the EnVision™ FLEX+ System, which 
indicated the signals through polymeric amplification. These 
were visualized using the 3,3’-Diaminobenzidine (DAB) 
tetrahydrochloride chromogen, the reactions being interrupted 
after five minutes, followed by washing in PBS, running 
water and staining with Hematoxylin. Reactions were present 
at the level of the external positive controls used. 

Semi-quantitative quantification of the IHC reactions 
obtained was performed by establishing a positivity index 
(PI) by reporting the number of labeled tumor cells to the 
total number of cells at 200× microscopic magnification, 
expressed as a percentage. For each case, five microscopic 
fields with maximum reactions were analyzed and the 
effective mean value of the reactions was established. For 
statistical analysis, in the case of Cyclin D1, low PI (<25%), 
medium PI (25–50%) and high PI (>50%) were considered, 
in the case of P53, low PI (1–5%) and high PI (>5%), and 
for Ki67 low PI (1–5%), moderate PI (6–10%) and high PI 
(>10%). In this study, only the presence of the labels was 
evaluated, not their intensity, which was assessed only 
descriptively. 

Images for evaluation and quantification were acquired 
by two pathologists using the KoPa Pro software camera 
attached to the Nikon Eclipse Ei-R microscope, and in case 
of incongruence of the results, they repeated the counting 
until consensus was reached. 

For statistical analysis, means, standard deviations and 
comparison tests [χ2 (chi-squared), Fisher, Pearson] were 
performed from the Statistical Package for the Social 
Sciences (SPSS) 12, differences or correlations being 
significant or at the limit for p<0.05 and p<0.1, respectively. 
In this study, negative PIs were considered for statistical 
analysis. 

The study respected the informed consent of the patients 
and the norms of research ethics, being approved by the 
Local Ethics Committee (Approval No. 223/28.09.2023). 

 Results 
The investigated tumors were represented by PAAs, 

diagnosed in a group of patients with a mean age of 
70.1±11.6 years, most of which were of the conventional 
type (78.2%), classified in ISUP 2 and 4 grading groups 
(47.2%), with PNI in almost half of the cases (49.1%), 
consistent LVI (18.2%), and which most often presented 
extracapsular extension (stage III – 48.5%) in cases with 
prostatectomy in which tumor staging was performed (35 
cases) (Table 2). 

Table 2 – Distribution of cases according to HP 
parameters 

HP parameters No. of cases 

Histological type 

CPAA: 43 

FPAA: 5 

APAA: 3 

PPAA: 2 

CoPAA: 2 



Immunoexpression of Cyclin D1, P53 and Ki67 in prostatic acinar adenocarcinomas 

 

3 

HP parameters No. of cases 

Grade groups (ISUP) 

ISUP 1: 11 

ISUP 2: 13 

ISUP 3: 8 

ISUP 4: 13 

ISUP 5: 10 

PNI 
Present: 27 

Absent: 28 

LVI 
Present: 10 

Absent: 45 

Tumor stage 

I: 3 

II: 12 

III: 17 

IV: 3 

APAA: Atrophic prostate acinar adenocarcinoma; CoPAA: Colloid 
prostate acinar adenocarcinoma; CPAA: Conventional prostate acinar 
adenocarcinoma; FPAA: Foamy prostate acinar adenocarcinoma; 
HP: Histopathological; ISUP: International Society of Urological 
Pathology; LVI: Lymphovascular invasion; PNI: Perineural invasion; 
PPAA: Pseudohyperplastic prostate acinar adenocarcinoma. 

Cyclin D1 immunoexpression was present at the nuclear 
level in 94.5% of the PAA investigated, for the entire 
analyzed group the effective mean PI value was 40±21.8, 

the reaction values varying within quite wide limits. The 
reactions were also present in normal glandular and ductal 
areas, in those with benign nodular hyperplasia and other 
associated benign changes (atrophy, adenosis, basal 
hyperplasia) in 5–10% of the cells, generally with weaker 
intensity than in the tumor areas. Some stromal cells 
(fibroblasts) showed nuclear staining. 

Cyclin D1 reactions at the tumor level showed differences 
depending on the HP parameters analyzed, although the 
ranges of positive cells varied within the same tumor category. 
In relation to the HP type, the most important Cyclin D1 
reactions were present in colloid PAA (CoPAA), conventional 
PAA (CPAA) and foamy PAA (FPAA), with mean PI values 
of 45, 44.4±20.1 and 32±23.6, compared to atrophic PAA 
(APAA) and pseudohyperplastic PAA (PPAA), with values 
of 8.3±2.8 and 7.5, respectively (Table 3) (Figure 1, A–D). 
ISUP 4 and 5 groups presented the highest PI values, 
48±12.6 and 54.5±23.6, followed in order by ISUP 3, 2 
and 1 groups, with values of 44.3±23.2, 41.1±16.2 and 
12.7±8.1, respectively (Table 3). PAA with PNI and vascular 
invasion had mean Cyclin D1 PI values of 48.8±20.1 and 
54.5±23.6, while tumors without this type of invasion had 
mean PI values of 32.2±18.9 and 36.7±20.2, respectively 
(Table 3). PAA in stages III/IV had reaction values of 
51.1±19 and 63.3±20.8, compared to stages I/II, with values 
of 8.3±7.6 and 37.9±17.2, respectively (Table 3). 

 
Figure 1 – Prostate acinar adenocarcinoma, Cyclin D1 immunostaining, ×200: (A) CoPAA type; (B) CPAA type; (C) PPAA 
type; (D) APAA type. APAA: Atrophic prostate acinar adenocarcinoma; CoPAA: Colloid prostate acinar adenocarcinoma; 
CPAA: Conventional prostate acinar adenocarcinoma; PPAA: Pseudohyperplastic prostate acinar adenocarcinoma. 
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Table 3 – Distribution of positivity intervals for the 
analyzed markers 

HP parameters/p-value 

Cyclin D1 
(range of 
positive 

cells) 

P53 
(range of 
positive 

cells) 

Ki67 
(range of 
positive 

cells) 

Histological  
type 

CPAA 15–80 1–50 1–25 

FPAA 15–70 1–2 1–5 

APAA 5–10 5 1 

PPAA 5–10 Negative 1 

CoPAA 40–50 5–35 25–50 

p-value  
(χ2 test) 

<0.001 0.345 0.071 

Grade groups 
(ISUP) 

ISUP 1 5–25 1–5 1–7 

ISUP 2 15–75 1–4 1–20 

ISUP 3 30–70 1–5 1–50 

ISUP 4 30–70 1–5 1–25 

ISUP 5 40–80 1–50 1–25 

p-value  
(χ2 test) 

<0.001 0.001 <0.001 

PNI 

Present 10–75 1–50 1–50 

Absent 5–70 1–35 1–25 

p-value 
(Fisher’s test) 

0.018 0.070 0.004 

HP parameters/p-value 

Cyclin D1 
(range of 
positive 

cells) 

P53 
(range of 
positive 

cells) 

Ki67 
(range of 
positive 

cells) 

LVI 

Present 40–80 3–50 1–25 

Absent 5–75 1–35 1–50 

p-value 
(Fisher’s test) 

0.039 0.003 0.003 

Tumor stage 

I 10–15 Negative 1–5 

II 20–70 1–5 1–50 

III 30–75 1–50 1–25 

IV 40–80 1–10 1–20 

p-value  
(χ2 test) 

0.002 0.315 0.246 

APAA: Atrophic prostate acinar adenocarcinoma; CoPAA: Colloid 
prostate acinar adenocarcinoma; CPAA: Conventional prostate acinar 
adenocarcinoma; FPAA: Foamy prostate acinar adenocarcinoma; 
HP: Histopathological; ISUP: International Society of Urological 
Pathology; LVI: Lymphovascular invasion; PNI: Perineural invasion; 
PPAA: Pseudohyperplastic prostate acinar adenocarcinoma. 

Statistical analysis indicated significantly higher 
differences in CoPAA and CPAA (p<0.001, χ2 test), in 
ISUP 2–5 groups (p<0.001, χ2 test), which presented PNI 
(p=0.018, Fisher’s test) and LVI (p=0.039, Fisher’s test), 
and were in advanced stages (p=0.002, χ2 test) (Figure 2, 
A–D). 

 
Figure 2 – Cyclin PI values distribution depending on tumor type (A), ISUP groups (B), PNI (C) and tumor stage (D). 
APAA: Atrophic prostate acinar adenocarcinoma; CoPAA: Colloid prostate acinar adenocarcinoma; CPAA: Conventional 
prostate acinar adenocarcinoma; FPAA: Foamy prostate acinar adenocarcinoma; ISUP: International Society of Urological 
Pathology; PI: Positivity index; PNI: Perineural invasion; PPAA: Pseudohyperplastic prostate acinar adenocarcinoma. 

 

P53 immunoreactions were present at the tumor level, 
in 49.1% of cases, at the nuclear level. We did not find 

staining at the non-tumor areas or at the stromal level. For 
the entire PAA group investigated, the average PI was 
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3±8.3. In general, the reactions were weaker compared to 
the other markers analyzed. 

The highest reactions were present in CoPAA, with a 
mean PI of 20, followed by CPAA, APAA and FPAA, 
with values of 2.7±7.9, 1.6±2.8 and 0.6±0.8, respectively, 
while PPAA were negative (Table 3) (Figure 3, A–D). 
ISUP 5 was the only group with consistent P53 PI, with 
a value of 11.4±17.5, followed in order by ISUP 4, 3, 2 

and 1 groups, with mean PI values of 1.6±2.3, 1.5±1.7, 
1±1.1 and 0.5±1.5, respectively (Table 3). PAA with PNI 
and vascular invasion had PI values of 5.5±11.4 and 7.8±15.7, 
compared with those without these invasive features, with 
values of 2±6.1 and 1.9±5.3, respectively (Table 3). PAA 
in stages III and IV had P53 PIs of 7±14 and 3.6±5.5, 
compared with those in stage II, with PIs of 1.5±2.1, or 
those in stage I that were negative (Table 3). 

 
Figure 3 – Prostate acinar adenocarcinoma, P53 immunostaining, ×200: (A) CoPAA type; (B) CPAA type; (C) PPAA 
type; (D) APAA type. APAA: Atrophic prostate acinar adenocarcinoma; CoPAA: Colloid prostate acinar adenocarcinoma; 
CPAA: Conventional prostate acinar adenocarcinoma; PPAA: Pseudohyperplastic prostate acinar adenocarcinoma. 

 

Statistical analysis of P53 reactions indicated significantly 
higher differences in PAA in the ISUP 5 group (p=0.001, 
χ2 test) and those with LVI (p=0.003, Fisher’s test) (Table 3) 
(Figure 4, A and B). There were higher differences at the 
limit of statistical significance in the case of PAA with PNI 
(p=0.07, Fisher’s test) (Table 3) (Figure 4C). There were 
no differences in P53 PI in relation to tumor type or tumor 
stage (p>0.1, χ2 test) (Table 3) (Figure 4D). 

Ki67 immunoexpression was present in all PAA at the 
nuclear level, as well as in rare tumoral and epithelial stromal 
elements in non-neoplastic areas. For the analyzed group, 
the mean Ki67 PI value was 91±9.6. 

The highest Ki67 PI values were identified in CoPAA, 
37.5, followed by CPAA with PI of 9.4±7.6, FPAA with 
PI of 2.6±2.1 and APAA and PPAA with values of 1 
(Table 3) (Figure 5, A–D). ISUP 3–5 groups had the most 
important reactions, with PI of 10.3±16.4, 13.1±7.9 and 
16.1±7.5, compared to ISUP 1–2 groups, with values of 
2.2±2.2 and 4.6±5.3, respectively (Table 3). PAA with 

PNI and vascular invasion had Ki67 PI of 12.9±10.5 and 
14.1±6.7, compared to those that did not present such 
associations, respectively 6.9±7.8 and 8±9.8, respectively 
(Table 3). Regarding tumor stage, PAA in stages II/III had 
PI values of 13.9±12.9 and 12.5±8.7, compared to stages 
I/IV, with values of 2.3±2.3 and 8.6±10, respectively 
(Table 3). 

Statistical analysis of Ki67 PI values indicated higher 
values, at the limit of significance for CoPAA (p=0.071, 
χ2 test) and significantly higher values in the case of PAA 
in ISUP 3–5 groups (p<0.001, χ2 test), with PNI (p=0.004, 
Fisher’s test) and LVI (p=0.003, Fisher’s test) (Figure 6, 
A–C). We did not find differences in P53 PI in relation to 
tumor stage (p=0.246, χ2 test) (Table 3). 

Analysis of the distribution of effective values of 
Cyclin D1, P53 and Ki67 indicated statistically significant 
positive linear correlations between Cyclin D1/P53 (p=0.022, 
Pearson’s test), Cyclin D1/Ki67 (p=0.010, Pearson’s test) 
and P53/Ki67 (p=0.007, Pearson’s test) (Figure 6D). 
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Figure 4 – P53 PI values distribution depending on ISUP groups (A), LVI (B), PNI (C) and tumor type (D). APAA: Atrophic 
prostate acinar adenocarcinoma; CoPAA: Colloid prostate acinar adenocarcinoma; CPAA: Conventional prostate acinar 
adenocarcinoma; FPAA: Foamy prostate acinar adenocarcinoma; ISUP: International Society of Urological Pathology; 
LVI: Lymphovascular invasion; PI: Positivity index; PNI: Perineural invasion; PPAA: Pseudohyperplastic prostate 
acinar adenocarcinoma. 

 
Figure 5 – Prostate acinar adenocarcinoma, Ki67 immunostaining, ×200: (A) CoPAA type; (B) CPAA type; (C) PPAA 
type; D) APAA type. APAA: Atrophic prostate acinar adenocarcinoma; CoPAA: Colloid prostate acinar adenocarcinoma; 
CPAA: Conventional prostate acinar adenocarcinoma; PPAA: Pseudohyperplastic prostate acinar adenocarcinoma. 
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Figure 6 – Ki67 PI values distribution depending on ISUP groups (A), PNI (B), LVI (C) and Cyclin D1, P53 and Ki67 
distribution values (D). ISUP: International Society of Urological Pathology; LVI: Lymphovascular invasion; PI: Positivity 
index; PNI: Perineural invasion. 

 
 Discussions 
As in the case of other malignant tumors, PAA is the 

result of multiple molecular mechanisms that interact and 
determine the appearance and evolution of cancer cells, 
including alteration of the epithelial phenotype and the 
intercellular adhesion system, angiogenesis and lymph-
angiogenesis, acquisition of the mesenchymal phenotype, 
dysregulation of the cell cycle and apoptosis – all of these 
are achieved through signaling pathways dependent on 
numerous proteins with roles as growth factors, transcription 
factors, proteins involved in normal or altered metabolism, 
activated through autocrine or paracrine mechanisms [21–24]. 

Cyclin D1 and P53 are representative of the cell cycle. 
Mitogenic, hormonal and growth factors regulate the level 
of Cyclin D1 expression, which ensures the transition 
between the G1 and S phases by forming complexes with 
cyclin-dependent kinases 4/6 (CDK4/6) and phosphorylation 
of the retinoblastoma protein [25]. In PAA, the role of 
Cyclin D1 is complex, being influenced by the AR pathway, 
and the overexpression of this protein has been correlated 
with tumor progression and the emergence of resistance 
to antiandrogen therapies [15]. In the case of castration-
resistant PAA, one of the factors involved is the aberrant 
activation of AR and androgen-independent cell proliferation, 
associated with the presence of the Cyclin D1b isoform 
[26]. Relatively recent studies indicate the therapeutic 
target value of the molecule, with blocking agents of the 
Cyclin D1/CDK4/6 complexes arresting the cell cycle in 
the G1 phase [5]. 

In our study, Cyclin D1 reactions were observed in the 
majority of PAAs (94.5%), as well as in non-tumor areas 

but with differences in staining, aspects consistent with other 
studies [27]. Cyclin D1 expression has been described in 
70–95% of PAAs, with utility in differentiating malignant 
and benign prostatic lesions [17, 28, 29]. 

In this study, Cyclin D1 reactions showed significant 
differences in relation to tumor type, ISUP, PNI, LVI 
groups and tumor stage, higher values being associated with 
aggressive parameters of the lesions. 

Data from the literature indicate both low expression 
and overexpression in PAA. Thus, Yu et al. observed that 
Cyclin D1 expression is higher in tumors with Gleason 
score ≥7 compared to those with lower scores, and reported 
a trend of correlation with PNI, without significant 
associations with prostate-specific antigen (PSA) levels 
[30]. In another study, Aaltomaa et al. reported a significant 
association between increased Cyclin D1 expression and 
PNI [31], and Mohammed et al. found associations with 
both PNI and PSA values [28]. Other studies have shown 
that Cyclin D1-positive prostate tumor cells exhibit higher 
motility, increased invasive capacity, and a hormone-
independent phenotype in cell cultures [32]. However, 
other studies have not identified a clear correlation between 
Cyclin D1 expression and Gleason score [6, 7]. The study 
conducted by Drobnjak et al. on 86 primary tumors and 
22 bone metastases showed that positive expression of 
Cyclin D1 was much more frequent in metastases compared 
to primary tumors, and correlations were also obtained 
with Gleason score and PSA level [6]. In recent studies, 
the authors obtained a significant correlation between 
Cyclin D1 expression and Gleason score, tumor stage, 
tumor size and treatment failure, but also with PNI and 
PSA values [28]. 



Adrian Mihai Stoiculescu et al. 

 

8 

P53 immunoexpression has been extensively studied in 
the literature in prostate tumors, suggesting a frequency of 
tumor protein P53 (TP53) mutations of 10–20% in prostate 
adenocarcinomas treated by radical prostatectomy, with a 
tendency to increase to 30% in tumors with high Gleason 
grade [33]. TP53 mutations are 3–5 times more frequent 
in advanced prostate cancer compared to tumors in early 
stages, which supports the idea that p53 expression is a 
relatively late event, associated with tumor progression 
[34, 35]. In a 2025 study, Ofner et al. emphasize that TP53 
deficiency consistently correlates with shorter time to relapse, 
higher distant metastasis rate and reduced overall survival 
(OS) [9]. Recent meta-analyses, which included both 
immunohistochemistry and sequencing studies, confirm 
that p53 overexpression is associated with decreased OS 
and a higher probability of relapse [35]. 

In our study, we found a relatively low positivity rate of 
PAA (49.1%), as well as effective values of P53 PI were 
low compared to Cyclin D1 and Ki67; however, high P53 
PI was associated with high-grade, PNI and LVI. Although 
some studies have found a relationship between P53 over-
expression and aggressiveness of prostate carcinomas [36–
38], these appear to be the result of missense mutations with 
protein accumulation, as opposed to nonsense mutations 
and deletions resulting in loss of protein expression [39]. 
As such, aberrant P53 expression, which may relate to both 
circumstances, is discussed and the authors associate the 
overall low frequency of p53 alterations in clinically localized 
prostate cancer [40]. However, the survival rate of P53-
positive prostate carcinomas is lower compared to negative 
ones [41], and the presence of P53 reactions is associated 
with advanced stage, high grade and early recurrence [40]. 
In this context, Kallakury et al. showed an association 
between nuclear p53 expression and lesions with high 
Gleason grade, as well as with extraprostatic invasion, 
suggesting that nuclear p53 accumulation is an indicator 
of tumor aggressiveness [42]. Subsequent studies, including 
those conducted by the same group, confirmed a significant 
correlation between p53 overexpression and tumors with 
high Gleason score [37, 43]. Another recent clinico-
pathological study, which compared p53 expression in 
benign hyperplasia, high-grade intraepithelial neoplasia, 
and prostatic carcinoma, showed that p53 increases from 
benign to malignant and correlates directly with Gleason 
score and inversely with tumor differentiation, supporting 
its use as a diagnostic and prognostic marker [44]. On the 
other hand, some studies found no statistically significant 
relationship between p53 expression and increasing 
Gleason grade [10, 11]. These observations were also 
reinforced by the study by Wahid et al., with high p53 
expression scores being absent in low-grade tumors and 
a gradual increase in the intensity and percentage of positive 
nuclei with the transition to high-grade groups [38]. Also, 
a recent study reported similar data, identifying a statistically 
significant association between increased p53 immuno-
expression and tumors classified as pT3–T4 [45]. In prostate 
cancer, a statistical association was identified between 
increased p53 expression and the presence of LVI [45], 
although there are limited data regarding p53 expression 
reported in invasive prostate tumors. 

Ki67 is one of the most widely used markers of cell 
proliferative activity and provides relevant information on 

the biological aggressiveness of malignant tumors, including 
prostate carcinoma [20, 46]. It is a nuclear protein expressed 
in all phases of the active cell cycle (G1, S, G2 and M), but 
is absent in the G0 phase, therefore, immunohistochemistry 
for Ki67 represents an index of tumor proliferation, widely 
used in oncology to assess the degree of biological 
aggressiveness [47]. The WHO (2022) recommends optional 
reporting of Ki67 in prostate carcinoma, noting that increased 
expression may suggest neoplasia with aggressive behavior, 
but it does not yet constitute an official classification 
criterion [20]. 

In our study, Ki67 reactions were present in all cases 
with significant or borderline associations with PAA type, 
high grade, PNI and LVI. We also found rare labeled 
epithelial cells in non-cancerous areas, these differences 
being noted in other studies where reactions were superior 
in PAA compared to hyperplastic or normal prostate [48, 49]. 

Over time, extensive studies have been conducted on 
Ki67 expression in prostate cancer. Thus, Ki67 is significantly 
correlated with poor prognosis of localized prostate cancer, 
with decreased OS and high recurrence rate [18]. Ki67 seems 
to have additional prognostic value compared to Gleason 
score and PSA value, being an independent predictor of 
recurrence and mortality specific to prostate cancer [50]. 
A relationship between increased immunostaining of the 
marker and the risk of distant metastasis is suggested, Ki67 
evaluation being useful for individualizing therapeutic 
strategies [51]. Significant correlation of Ki67 expression 
with Gleason score, tumor stage and therapeutic failure 
increases the practical value of the marker [52]. Recently, 
studies have extended the utility of Ki67 beyond prognosis. 
Albuquerque-Castro et al. demonstrated that an “immuno-
scoring” for Ki67 can improve risk stratification in prostate 
cancer [53]. 

In our study, there were significant positive linear 
correlations of the three markers analyzed, which seem 
consistent with data from the literature [6]. Cyclin D1 
reactions are described as being consistent with the Ki67 
proliferation index [27], and the tandem P53 and Ki67 is 
proposed as an adjuvant for the histological and prognostic 
classification of malignant prostatic lesions [36] and may 
provide additional information compared to conventional 
histology [54]. These results support the predictive value 
of IHC panels in the evaluation of patients with prostate 
carcinoma [29]. 

 Conclusions 
Cyclin D1, P53 and Ki67 expression were associated 

with PAA aggressiveness parameters, although the reaction 
values were variable even in the relatively homogeneous 
group analyzed. The negative P53 reactions present in all 
analyzed categories seem to indicate a distinct category of 
PAA, the same aspect being valid for cases with consistent 
P53 marker. The positive correlation of Ki67 with Cyclin D1 
and P53 indicates their involvement in tumor proliferation. 
Overall, the analyzed panel is useful for the individual rather 
than group assessment of PAA and can complement criteria 
considered for specific oncological therapy. 
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