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A B S T R A C T   

Background: To investigate changes in the immunophenotypes of androgen receptor (AR), 
prostate-specific antigen (PSA), synaptophysin (Syn), chromogranin A (CgA), p53 and Ki-67 after 
neoadjuvant endocrine therapy (NET) for prostate cancer (PCa) and to analyze their clinical 
significance. 
Methods: Paired paraffin samples were collected from 40 PCa patients before and after NET, and 
immunohistochemistry were used to detect AR, PSA, Syn, CgA, p53 and Ki-67 expression. Based 
on The Cancer Genome Atlas (TCGA), Kaplan‒Meier survival curves were plotted for analysis of 
PSA and Ki-67 expression in relation to progression-free survival (PFS). 
Results: After NET, the mean scores for PSA and Ki-67 expression in PCa patients were lower than 
those before NET (P < 0.05), while the mean scores for Syn and CgA expression were higher than 
those before NET (P < 0.05). The mean Gleason score and WHO/ISUP (World Health Organi
zation/International Society of Urological Pathology) grade after NET were lower than those 
before NET (P < 0.05). In PCa patients who had not yet received NET, PSA expression correlated 
positively with Gleason score and WHO/ISUP grade and negatively with Ki-67 expression (P <
0.05); p53 expression correlated negatively with Gleason score and WHO/ISUP grade (P < 0.05). 
TCGA showed that PFS was lower in PCa patients with high PSA and Ki-67 expression (P < 0.05). 
Conclusions: PSA and Ki-67 protein expressions decreased significantly in PCa patients after NET 
and can be used as biological markers for prognostic assessment of PCa patients. NETs may induce 
a neuroendocrine (NE) phenotype in PCa. Monitoring the immunophenotypes of PCa patients 
after NET may inform assessment of efficacy and prognosis.   
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Cancer Genome Atlas; WHO, World Health Organization. 
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1. Introduction 

Prostate cancer (PCa) is the most common malignant tumor of the male reproductive system [1] and the second most common 
cancer in men after nonmelanoma skin cancers such as basal cell carcinoma and squamous cell carcinoma [2]. It is also a highly 
heterogeneous group of hormone-responsive tumors [3]. Neoadjuvant endocrine therapy (NET) is the standard regimen for preop
erative adjuvant therapy and postoperative consolidation in PCa [4], and this therapy induces shrinkage of PCa tumors primarily 
through degenerative changes or reductions in cytokine proliferative activity [5]. NET response can manifest as an altered tumor 
immunophenotype [6]. 

For patients with high-risk, metastatic and refractory advanced PCa, it is important to monitor response to treatment and explore 
highly effective combination therapies [7]. Use of immunohistochemistry to detect molecular phenotypes of PCa, such as p53, yielded 
results that are highly consistent with genomic analyses and is able to accurately identify the heterogeneity of PCa [8]. However, there 
are few reports in the literature on NETs and changes in the PCa immunophenotype. Therefore, this article focuses on changes in 
androgen receptor (AR), prostate-specific antigen (PSA), synaptophysin (Syn), chromogranin A (CgA), p53 and Ki-67 expression in PCa 
before and after NET and analyzes their clinical significance, aiming to provide a reference for evaluating the effect of NET as well as 
the prognosis of PCa patients. 

2. Materials and methods 

2.1. Collection of clinical samples 

Fig. 1 illustrated the flowchart of the study procedure. Paired PCa paraffin specimens from 40 before and after NET cases archived 
in the Department of Pathology of the First Affiliated Hospital of Anhui Medical University between January 2018 and June 2020 were 
collected. All participants gave their consent after telephone contact and approval was obtained from the Biomedical Ethics Committee 
of Anhui Medical University (approval number: 20190406). The patients were 51–82 years old, with a median age of 71.5 years, and 
their clinical data were complete. All patients were treated with goserelin acetate sustained-release implants in combination with 
bicalutamide tablets for a median treatment duration of 4 months after diagnosis of PCa by prostate puncture biopsy, followed by 
radical prostatectomy. Each prostate lesion section was assessed by two pathologists. Pathological diagnosis, Gleason grading and 
WHO/ISUP (World Health Organization/International Society of Urological Pathology) grouping according to the WHO (2022) 
classification of tumors [9] showed that the histological type of all 40 PCa cases was prostate adenocarcinoma. 

2.2. Immunohistochemistry 

The MaxVision immunohistochemical method was used. PCa biopsy tissue and radical specimens were processed into 4 μm-thick 
tissue sections. Following deparaffinization and rehydration with xylene via graded ethanol, the sections were boiled in 10 mM citrate 
buffer (pH 6.0) and then treated with 3 % H2O2 for 10 min to block endogenous peroxidase activity. Anti-PSA (ZM-0218), anti-Ki-67 
(ZM-0167), anti-Syn (ZA-0506), anti-CgA (ZM-0076), anti-p53 (ZM-0408), and anti-AR (ZA-0054) antibodies were added after rinsing 

Fig. 1. Flow chart of the study design. NET: neoadjuvant endocrine therapy; PCa: prostate cancer; TCGA: The Cancer Genome Atlas; WHO/ISUP: 
World Health Organization/International Society of Urological Pathology. 
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with PBS buffer; the primary antibodies were obtained from Beijing Zhong Shan-Golden Bridge Biological Technology Co., Ltd. 
(Beijing, China). This was followed by overnight incubation at 4 ◦C. The next day, after rinsing with PBS, ready-to-use immunohis
tochemical reagents (MaxVision-HRP mouse/rabbit) from Fuzhou Maixin Biotech Co., Ltd. (Fuzhou, Fujian, China) were added. After 
incubation, PBS rinsing, DAB color development, hematoxylin restaining, gradient ethanol dehydration, xylene transparency, neutral 
resin sealing, and microscopy were performed. 

2.3. Interpretation of immunohistochemistry results 

Positive Ki-67, p53, and AR protein expression was found in the nucleus; positive PSA, Syn, and CgA proteins expression was 
detected in the cytoplasm. Staining was considered positive when yellowish to brownish in color. The results were interpreted by two 
pathologists using a double-blind method. Five high-magnification fields of view (400 × ) were randomly selected for each section and 
scored according to a semiquantitative scoring system: (1) score according to the intensity of staining of positive cells - no staining is 
0 points, light yellow is 1 point, yellow is 2 points, and brownish yellow is 3 points; (2) score according to the percentage of positive 
cells - <1 % is 0 points, 1 %–10 % is 1 point, 11 %–50 % is 2 points, and >50 % is 3 points. The results of the two scores were multiplied: 
<6 was classified as low expression, and ≥6 was classified as high expression. 

2.4. TCGA prognostic analysis 

The https://www.xiantaozi.com/database is based on The Cancer Genome Atlas (TCGA, https://cancergenome.nih.gov/) and the 
following analyses were performed using this database. RNA sequencing data in level 3 HTSeq-FPKM format from 551 PCa cases in 
TCGA were analyzed, and survival curves were plotted by the Kaplan‒Meier method using the log-rank test and Cox regression for 
prognostic analysis. 

2.5. Statistical analysis 

Statistical analysis was performed using IBM SPSS Statistics 23.0 software (SPSS Inc; Chicago, IL, USA). Differences between the 
two sets of qualitative data were compared by the χ2 test. If 1 ≤ T ≤ 5 occurs in a certain lattice, then a continuity correction is 
required. Fisher’s exact test was used for any lattice where T < 1 occurred. As the quantitative data did not follow a normal distri
bution, the rank sum test was used. In all cases, statistical significance was defined as P < 0.05. 

3. Results 

3.1. Changes in PCa immunophenotype after NET 

Expression of AR, PSA, Syn, CgA, p53 and Ki-67 in paired tissues of 40 PCa patients before and after NET was examined by the 
MaxVision immunohistochemical method, which showed Ki-67, p53 and AR positivity in the nucleus and PSA, Syn and CgA positivity 
in the cytoplasm. After NET, the high expression rates of PSA, Ki-67, and AR showed varying degrees of downregulation, but only 
downregulation of the high expression rate of Ki-67 was statistically significant. The high expression rates of Syn, CgA, and p53 showed 
varying degrees of upregulation, but only upregulation of the high expression rate of Syn was statistically significant (P < 0.05, Table 1, 
Fig. 2). Changes in p53 and AR were still not statistically significant, as found by various immunophenotypic scores after NET. In 
contrast, the decrease in PSA and Ki-67 scores was statistically significant, as was the increase in Syn and CgA scores (P < 0.05, Table 2, 
Fig. 3). 

Table 1 
Expression of immune indicators before and after NET in PCa patients, [n (%)].  

Group n PSA P value Ki-67 P value Syn P value 

Low High Low High Low High 

Before 40 9 (22.5) 31 (77.5) 0.446 31 (77.5) 9 (22.5) 0.007a 38 (95.0) 2 (5.0) 0.023a 

After 40 12 (30.0) 28 (70.0)  39 (97.5) 1 (2.5)  31 (77.5) 9 (22.5)    

CgA  p53  AR  

Group n Low High P value Low High P value Low High P value 

Before 40 32 (80.0) 8 (20.0) 0.431 25 (62.5) 15 (37.5) 0.818 7 (17.5) 33 (82.5) 0.189 
After 40 29 (72.5) 11 (27.5)  24 (60.0) 16 (40.0)  12 (30.0) 28 (70.0)  

AR, androgen receptor; CgA, chromogranin A; NET, neoadjuvant endocrine therapy; PCa, prostate cancer; PSA, prostate-specific antigen; Syn, 
synaptophysin. 

a P value statistically significant. 
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Fig. 2. Expression of various immune indicators in prostate cancer (PCa) patients before and after neoadjuvant endocrine therapy (NET) Protein 
expression was detected using immunohistochemistry. Ki-67, p53 and AR positivity in the nucleus and PSA, Syn and CgA positivity in the cytoplasm. 
Staining was considered positive when yellowish to brownish in color. Original magnification, × 200. 

Table 2 
Comparison of various immunophenotype scores before and after NET in PCa patients.  

Group n PSA Ki-67 Syn CgA p53 AR 

Before 40 6.980 ± 2.567 3.500 ± 1.414 1.150 ± 1.861 1.500 ± 2.253 3.480 ± 3.178 5.430 ± 1.357 
After 40 5.900 ± 2.134 1.800 ± 1.636 2.150 ± 2.293 2.500 ± 3.530 3.530 ± 3.130 5.230 ± 1.593 
Z value  − 2.764 − 4.154 − 3.749 − 3.101 − 0.286 − 0.415 
P value  0.006a <0.001a <0.001a 0.002a 0.775 0.678 

AR, androgen receptor; CgA, chromogranin A; NET, neoadjuvant endocrine therapy; PCa, prostate cancer; PSA, prostate-specific antigen; Syn, 
synaptophysin. 

a P value statistically significant. 
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3.2. Changes in clinicopathologic features of PCa after NET 

Analysis of Gleason scores and WHO/ISUP grade before and after NET showed a decrease in the proportion of PCa patients with 
Gleason score of 8–10 and WHO/ISUP grade of 4–5 after NET. However, the difference was not statistically significant (Table 3). The 
numerical decrease in Gleason score and WHO/ISUP grade of PCa patients after NET was statistically significant (P < 0.05, Table 4, 
Fig. 4). 

3.3. Relationship between PSA and p53 expression and clinicopathologic features in PCa before NET 

Table 5 shows the results after collating the clinical data of the patients. PSA expression correlated positively with Gleason score 
and WHO/ISUP grade, with coefficients of contingency (rn) of 0.393 and 0.393. p53 expression correlated negatively with Gleason 
score and WHO/ISUP grade, with coefficients of contingency (rn) of − 0.406 and − 0.455, respectively. PSA correlated negatively with 
expression of Ki-67, with a coefficient of contingency (rn) of − 0.713. p53 did not correlate significantly with expression of Ki-67. 

3.4. Association of PSA and Ki-67 expression with prognosis of PCa patients 

The association of PSA and Ki-67 expression with progression-free survival (PFS) in 551 PCa patients in the TCGA database showed 
that PFS was reduced in patients with high expression of PSA (Fig. 5A) and Ki-67 (Fig. 5B) compared to those with low expression (P <
0.05). 

4. Discussion 

NET with goserelin acetate sustained-release implants in combination with bicalutamide tablets is able to ameliorate moderate to 
severe lower urinary tract symptoms (LUTS) to some extent in patients with advanced PCa [10]. In patients with high PSA expression 
after PCa resection, it has been reported that salvage prostate bed radiotherapy (PBRT) combined with NETs significantly prolongs PFS 
[11]. By compiling clinical data, we found in this study a significant reduction in Gleason score and WHO/ISUP grade of PCa after NET. 
A previous study has also shown that NETs can achieve tumor downgrade and downstaging, increase tumor resection rates, and reduce 
the rate of positive resection margins [12]. The serum PSA level is well known to assist in the diagnosis of PCa, but the specificity of 
determining clinical staging based on serum PSA is poor, and diagnostic bias and overtreatment may occur [13]. PSA does not reliably 
differentiate between mild and life-threatening disease at the time of diagnosis [14]. The Ki-67 protein has been widely used as a 
proliferation marker for human tumor cells [15]. It has also been shown that Ki-67 can be used as a prognostic marker after localized 
PCa [16]. PSA correlated significantly negatively with Ki-67 in this study, which may support the above conclusion about PSA. In this 
study, we confirmed that PSA and Ki-67 protein expression levels were significantly reduced after NET by detecting the immuno
phenotype of PCa; TCGA-based prognostic analysis showed prolonged PFS in PCa patients with low PSA and Ki-67 protein expression. 
These results indicate that NETs inhibit tumor growth, delay disease progression, and improve quality of life in PCa patients. 

NETs also induce neuroendocrine (NE) transdifferentiation in PCa by selecting a subpopulation of androgen-independent cells in 
PCa into a dominant clone [17]. PCa NE transdifferentiation promotes tumor progression by allowing tumor cells to evade the adaptive 
mechanisms of various therapies, leading to therapy resistance, which promotes tumor progression and is strongly associated with 

Fig. 3. Comparison of various immunophenotype scores in prostate cancer (PCa) patients before and after neoadjuvant endocrine therapy (NET) *P 
< 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001; NS: not significant. Statistical data using IBM SPSS Statistics 23.0 software. Graphing with 
GraphPad Prism 8.0.2 software. 

Table 3 
Changes in Gleason score and WHO/ISUP grade in PCa patients after NET, [n (%)].  

Group n Gleason score P value WHO/ISUP grade P value 

6–7 8–10 1–3 4–5 

Before 40 13(32.5) 27(67.5) 0.070 13 (32.5) 27 (67.5) 0.070 
After 40 21 (52.5) 19 (47.5)  21 (52.5) 19 (47.5)  

NET, neoadjuvant endocrine therapy; PCa, prostate cancer. 
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mortality in PCa patients [18]. NETs have been reported to induce NE transdifferentiation in PCa cell lines associated with down
regulation of AR, PSA, and several miRNAs [18]. Immunohistochemistry staining for NE markers (mainly CgA and Syn) is commonly 
used for NE differentiation [19]. This study confirmed upregulation of Syn and CgA protein expression in PCa after NET, and the 
coexpression rate of Syn and CgA increased from 17.5 % to 40.0 %, suggesting that some tumor cells develop a NE phenotype after 
NET. We will sequence cells exhibiting NET-induced NE differentiation, and subsequent steps will be performed contingent upon 
sequencing results. MicroRNAs exercise pleiotropic regulation and are integral parts of an extensive array of signaling pathways [20], 
and a systematic review has postulated microRNAs as key epigenetic players in NEPCa and as diagnostic biomarkers for NEPCa [21]. It 
is also feasible to conduct additional research on upstream regulatory mechanisms of NEPCa pertaining to microRNAs. 

Key genetic alterations during PCa development include TP53 (Gene ID: 7157) deletion and/or mutation and AR amplification 
and/or mutation [22]. It has been shown that deletion of RB1 (Gene ID: 5925) and TP53 (Gene ID: 7157) genes promotes phenotypic 
shift in PCa tumor cells and tumor growth by inducing stem cell development and activating the epithelial-mesenchymal transition 
(EMT) [23]. In this study, we analyzed the relationship between the p53 protein expression level and clinicopathological features of 
PCa and found that p53 expression correlated significantly negatively with Gleason score and WHO/ISUP grade, a result that also 
suggests that deletion of the TP53 (Gene ID: 7157) oncogene may be associated with PCa progression. In addition to the fact that 
normal development and maintenance of the prostate gland depends on androgens acting through AR, AR continues to play an 
important role in the development and progression of PCa [24]. Indeed, the transcription factor AR regulates expression of a variety of 
prostate functional protease genes, including KLK3 (Gene ID: 354), which encodes PSA, and NET can intervene in posttranslational 
modification of AR and affect expression of AR and its downstream regulatory molecules [25]. The splice variant of AR possesses weak 
transcription factor activity, and constitutively active androgen receptor splice variant-7 (AR-V7) has been associated with resistance 
to endocrine therapy and shorter overall survival in PCa [26]. However, this study did not find a statistically significant decrease in AR 
after NET. In the future, the sample cohort can be further expanded. This study has some limitations. NET was not universal at the time 
the experiment was conducted, so the sample size collected was not large enough. In addition, it would have been possible to add a 
prognostic analysis such as overall survival at the end of this experiment, but the sample has not yet been followed for 5 years. The 
immunohistochemistry markers in this study may reflect the therapeutic effect of NET in the patient’s treatment system, potentially 
providing more precise directives for subsequent treatment. Specifically, 1) if NET has an effect, is it possible to strengthen the 
application of endocrine therapy, or some patients are no longer suitable for surgery, then they can rely on endocrine therapy; 2) if NET 
has no effect, it is necessary to reassess the intensity and duration of radiotherapy and chemotherapy after surgery. In any case, this 
discovery is beneficial for personalized treatment of tumor patients. 

In conclusion, the significant reduction in PSA and Ki-67 protein expression levels after NET for PCa can be used as biological 
markers for prognostic assessment of patients with PCa, which can provide a reference for clinical individualized treatment and 

Table 4 
Changes in Gleason score and WHO/ISUP grade in PCa patients after NET, [n (%)].  

Group n Gleason score WHO/ISUP grade 

Before 40 8.400 ± 1.221 4.125 ± 1.005 
After 40 7.700 ± 0.812 3.475 ± 1.072 
Z value  − 3.196 − 3.228 
P value  0.001a 0.001a 

NET, neoadjuvant endocrine therapy; PCa, prostate cancer. 
a P value statistically significant. 

Fig. 4. Changes in some clinicopathologic features of prostate cancer (PCa) patients before and after neoadjuvant endocrine therapy (NET) *P <
0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001; NS: not significant. Statistical data using IBM SPSS Statistics 23.0 software. Graphing with 
GraphPad Prism 8.0.2 software. 
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Table 5 
Relationship between PSA and p53 expression and clinicopathologic features in PCa before NET, [n (%)].  

Characteristics n PSA  p53  

Low High P value Low High P value 

Age, yr 
≤70 19 4(21.1) 15 (78.9) 1.000 14 (73.7) 5 (26.3) 0.165 
>70 21 5 (23.8) 16 (76.2)  11 (52.4) 10 (47.6)  

Gleason score 
6-7 13 6 (46.2) 7(53.8) 0.037a 4(30.8) 9 (69.2) 0.011a 

8-10 27 3 (11.1) 24 (88.9)  21(77.8) 6 (22.2)  
WHO/ISUP grade 

1-3 13 6 (46.2) 7 (53.8) 0.037a 4 (30.8) 9 (69.2) 0.011a 

4-5 27 3 (11.1) 24 (88.9)  21 (77.8) 6 (22.2)  
Resection margin 

No 17 4 (23.5) 13 (76.5) 1.000 12 (70.6) 5 (29.4) 0.364 
Yes 23 5 (21.7) 18 (78.3)  13 (56.5) 10 (43.5)  

Perineural invasion 
No 8 2 (25.0) 6 (75.0) 1.000 5 (62.5) 3 (37.5) 1.000 
Yes 32 7 (21.9) 25 (78.1)  20 (62.5) 12 (37.5)  

Lymph node metastasis 
No 30 6 (20.0) 24 (80.0) 0.827 20 (66.7) 10 (33.3) 0.572 
Yes 10 3 (30.0) 7 (70.0)  5 (50.0) 5 (50.0)  

Ki-67 
Low 31 4 (12.9) 27 (87.1) 0.025a 19 (61.3) 12 (38.7) 1.000 
High 9 5 (55.6) 4 (44.4)  6 (66.7) 3 (33.3)  

Syn 
Low 38 9 (23.7) 29 (76.3) 1.000 24 (63.2) 14 (36.8) 1.000 
High 2 0 (0.0) 2 (100.0)  1 (50.0) 1 (50.0)  

CgA 
Low 32 7 (21.9) 25 (78.1) 1.000 22 (68.8) 10 (31.3) 0.221 
High 8 2 (25.0) 6 (75.0)  3 (37.5) 5 (62.5)  

AR 
Low 7 2 (28.6) 5 (71.4) 1.000 6 (85.7) 1 (14.3) 0.334 
High 33 7 (21.2) 26 (78.8)  19 (57.6) 14 (42.4)  

AR, androgen receptor; CgA, chromogranin A; NET, neoadjuvant endocrine therapy; PCa, prostate cancer; PSA, prostate-specific antigen; Syn, 
synaptophysin. 

a P value statistically significant. 

Fig. 5. Association of PSA and Ki-67 expression with prognosis of prostate cancer (PCa) patients Analysis of the effect of (A) PSA and (B) Ki-67 
expression on progression-free survival (PFS) in PCa patients in the Cancer Genome Atlas (TCGA). 
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prognostic risk assessment. In addition, NETs may lead to emergence of a NE phenotype of PCa, and further explorations are needed 
regarding the molecular mechanisms by which NETs alter the immune phenotype of PCa. 

5. Conclusions 

PSA and Ki-67 protein expressions decreased significantly in PCa patients after NET and can be used as biological markers for 
prognostic assessment of PCa patients. NETs may induce a NE phenotype in PCa. Monitoring the immunophenotypes of PCa patients 
after NET may inform assessment of efficacy and prognosis. 
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Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study 

on which the present article is based 
13 

*Give information separately for exposed and unexposed groups. 
Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of 
transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http:// 
www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on 
the STROBE Initiative is available at www.strobe-statement.org.  
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