International Journal of Science Vol.7 No.6 2020 ISSN: 1813-4890

Comparative Study of Prostate Tissues in Non-human Primate
(Cynomolgus Monkey) and Human on the Histomorphology and
Immunohistochemistry

Yusheng Xu?, Zhen Chen?, Yuhang Pan?, Jing Zhou?, Yuefeng Li3, Xiaoping Qin?,
Guo Chen?, Lijun Qut and Yumin Zhuo**

!Department of Urology, the First Affiliated Hospital of Jinan University, Guangzhou, 510632,
China;

2Department of Pathology, the Third Affiliated Hospital of SunYat-sen University, Guanghzhou,
510630, China;

3Guangdong Landau Biotechnology Co. Ltd, Guangzhou, 510555, China.
*tzhuoyumin@126.com

Abstract

AIM: To compare the differences of prostate between cynomolgus monkey and human on the
histomorphology and immunohistochemistry and lay a foundation for the establishment of
animal experimental model of prostate disease. METHODS: The intact prostates of 9 naturally
dead cynomolgus monkeys, 9 electrosurgical tissues of human benign prostatic hyperplasia and
36 prostate tumors (9 in each of the low, medium and high risk and metastatic groups) were
collected. The samples were fixed by neutral formalin, embedded by paraffin, sliced up, stained
by HE and IHC and observed with microscope in histomorphology and immunohistochemistry.
54 tissue samples which immunohistochemical staining (P504s, P63, 34BE12, PSA, AR, P53,
PTEN, RB1) were used for qualitative evaluation by positive staining cell score. RESULTS:

(1)HE staining revealed that there was a basal cell layer in the prostatic tissues of cynomolgus
monkey, with enlarged nucleoli of few glandular epithelial cells, which was similar to the
morphological characteristics of human prostatic hyperplasia, but significantly different from
that of human prostate tumors of different grades, with basal cell loss and enlarged nucleoli.
(2)Immunohistochemical staining results showed that the expression of P504s, P53, PTEN and
RB1 in the prostatic tissues of cynomolgus monkey and human prostatic hyperplasia tissues
were all negative (1 point), with high expression of P63, 34pE12, AR (3.78-4 points) .A small
amount of PSA was expressed in human prostatic hyperplasia tissues(1.78 points) while the
expression level in cynomolgus monkeys was negative (1.11 points).In human prostate tumor
tissues, the expression of P504s, PSA and AR increased significantly (3.67-4 points), while the
low expression of P63 and 34pE12, P53, PTEN and RB1 (1-1.33 points).The expression of
related markers in the prostatic tissues of cynomolgus monkey showed no statistically
difference with human prostatic hyperplasia (P >0.05), but statistically difference with human
prostatic tumor tissues (P<0.05). CONCLUSION: The prostatic tissue of cynomolgus monkey
was similar to that of human benign prostatic hyperplasia, and different from that of prostate
tumors of different grades. The expression of P504s, PSA, P53, PTEN and RB1 in
immunohistochemistry were low, while the expression of P63, 34BE12 and AR were high. The
expression of related markers in benign prostatic hyperplasia tissues of cynomolgus monkeys
was similar to that of human, but significantly different from tumor in P504s, P63, and 34BE12.
Cynomolgus monkeys could be used as one of the best model for the study of prostate cancer.
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1. Introduction

The prostate is a male reproductive organ, and prostate cancer is highly prevalent in male reproductive
tumors[1, 2]. Experimental models of prostate animals such as mice, rabbits, and dogs differ greatly
from human prostate tissue in morphology, immune environment, and pathological types [3, 4].
Observed from the molecular time scale of chemistry, mice and human ancestors are separated by about
40 million years, while the common ancestor of non-human primate (NHP) and humans is about 25
million years[5]. The DNA sequence similarity between NHP and humans is as high as 98.77%, which
makes NHP's performance in the immune system and drug sensitivity and other related research closer
to humans. It may become the best human tumor research model[6]. Cynomolgus Monkey
(Macacafascicularis) is one of the most widely used NHP models, mainly used in the research of
hematopoietic system, parasitology, embryonic stem cells and nervous system, etc. But it was rarely
reported in prostate-related diseases[7-10]. We compared the morphology and expression of tumor
markers related to the immunohistochemistry of the prostate tissues of cynomolgus monkeys and
humans by microscopy, and confirmed that the morphology and immunohistochemistry-related markers
of prostate tissues of cynomolgus monkeys are very similar to humans, which is an ideal animal model
for simulating human prostate-related diseases.

2. Materials and Methods

2.1 Materials and Sample

The 9 naturally dead cynomolgus monkeys came from the monkey breeding base of Guangdong
Landau Biotechnology Co. Ltd. (2017.01-2019.12). The process was approved by the Animal Care
and Use Committee. Prostate tissue was obtained by dissection and made into paraffin sections for
this study. 9 cases of benign prostate tissue and 36 cases of prostate tumor tissue were from the
Department of Urology and Pathology of the First Affiliated Hospital of Jinan University and the
Third Affiliated Hospital of SunYat-sen University (2018.01-2019.12). The above samples were
confirmed by pathology, microscopic examination of HE and immunohistochemical staining. The
pathological results were interpreted by 2 senior doctors.

2.2 HE and immunohistochemical staining
Table 1. Purchase information of immunohistochemical primary antibody

Antibody concentration Brand Code
PTEN 1:100 ABclonal AIl1189
P53 1:100 Novocastra P53-DO7-L-CE
PSA RTU Zsbio ZM-0218
RB RTU Zsbio ZM-0223
AR 1:50 MXB RMA-0807
P504s 1:50 MXB KIT-8802
P63 1:100 MXB KIT-8802
34BE12 1:100 MXB KIT-8802

HE staining: Fixed the prostate tissue in 4% paraformaldehyde, embedded in paraffin, and serially
sliced at a thickness of 4 um. After dewaxing by xylene, it was stained with hematoxylin and eosin.
The cell morphology was observed under a microscope after neutral gum sealing.
Immunohistochemical staining: Place paraffin sections of prostate tissue in a 65°C incubator and bake
for 120 min. Xylene and alcohol were used to dewax and hydrate the sections. Place in citrate buffer
(PH=6.0) and heat for antigen repair. Incubated at room temperature for 10 min by 3% H202
endogenous peroxidase blocking solution. Blocked at room temperature for 15 min by goat serum
working solution. P504s, P63, 34BE12, PSA, AR, P53, PTEN, RBI primary antibody (50ul) were
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added (Table 1 for antibody information). Place in an incubator at 4°C overnight. After rewarming,
we add 50ul of biotin-labeled goat anti-mouse / rabbit secondary working solution to each slice.
Incubated at 37 “C for 30 min. Add HRP-labeled streptomyces Avidin at 37°C for 10 min.Then freshly
prepared DAB developer was added. After counterstained by hematoxylin, and air-dried by gradient
alcohol dehydration, the slice was put into xylene for 5 min. Finally, it was sealed with neutral resin
and observed under OLYMPUS FV1000 laser confocal microscope.

2.3 Analysis of immunohistochemistry results

P504s, PSA, and PTEN exist in the prostate cytoplasm. The presence of brown particles in the prostate
cytoplasm is positive. The ratio of the number of cells expressed by the brown particles to the total
number of cells is used as the judgment standard. The results are recorded as: cytoplasm is not staining
(negative, 1 point), cytoplasm appears weak brown particles <25% (weak positive, 2 points), 25% -
50% cytoplasm appears brown particles (positive, 3 points), > 50% cytoplasm diffuse brownish
yellow or brown particles (strong positive, 4 points).

P63 and 34BE12 respectively label the nucleus and cytoplasm of prostate basal cells. The coloring is
orange-red. The grading standard is: basal cell nuclei and / or cytoplasm is negative without staining
(1 point); the basal cell layer has less discontinuous cytoplasm and/or nuclei staining, and the missing
cell region >25% is weakly positive (2 points); the basal cell layer is colored and interrupted, and the
missing cell area <25% is moderately positive (3 points); the basal cell layer colored continuously
and obviously is strongly positive (4 points).

AR, P53, and RB1 are positive for the appearance of brown particles in the nucleus. The judgment
standard is the same as above.

2.4 Statistical analysis

Statistical analysis was performed using SPSS 22.0 software. The measurement data were expressed
as mean £SD, and the rank sum test was used to compare the data between multiple groups. P<0.05
indicated that the differences were statistically significant.

3. Results

3.1 Determination of PSA value of cynomolgus monkey prostate

The value of PSA expression in cynomolgus monkeys cannot be measured, which is close to the
normal PSA level of humans (0-4ng/ul) [11]. The prostate size of cynomolgus monkeys is also similar
to the normal size of human prostate (2*3*4cm) by weight conversion [12] (Table 2).

Table 2. Specimen information of cynomolgus monkey, BPH and prostate tumor (mean+SD, %)

Group (n) Cynomol(g;)s monkey BPH (9) Prostate tumor (36)
Age (y) 10437 (14~24)  57.6+3.9 (53~67)  66.1+7.0 (53~81)
10~29 9 (100) ) ;
30~49 - ) .
50~69 - 9 (100) 26 (72.2)
70~89 - - 10 (27.8)
Prostate Size (g) 3.99+1.0 45.2£20.3 32.6+18.8
(3.3~6.80) (21.3~76.9) (10.4~123.41)
0~20 9 (100) ) 5 (13.9)
21~40 - 5 (55.6) 24 (66.7)
41~60 - 3 (33.3) 5 (13.9)
> 60 - 1 (11.1) 2 (5.6)
tPSA (ng/ml) 0'(%9%%&(;?6 2.71.7 (0.3-45) (?éiﬁgg)
0~4 9 (100) 6 (66.7) 1 (2.8)
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4~10 - 3 (33.3) 6 (16.7)
10~20 - - 10 (27.8)
> 20 - - 19 (52.8)
. 9.16+:2.4 63.7+8.5
Weight  (kg) (6.80~14.55) (51.9~76.2) -
5~25 9 (100) - -
26~45 - - -
46~65 - 5 (55.6) -
66~85 - 4 (44.4) -
>86 - - -
Pathological T T1 ) i i
stage
T2 - - 21 (58.3)
T3 - - 15 (41.7)
T4 - - -
Puncture.GS 6 (3+3) - - 7 (19.4)
7
(3+4/4+3 - - 9 (25.0)
)
8
(4+4/5+3 ; . 15 (41.7)
)
9
(4+5/5+4 - - 5 (13.9)
)
10 (5+5) - - -
postoperative.GS 6 (3+3) - - 9 (25.0)
7
(3+4/4+3 - - 9 (25.0)
)
8
(4+4/5+3 - - 9 (25.0)
)
9
(4+5/5+4 - - 9 (25.0)
)
10 (5+5) - - ;
Pathological lymph Positive ) i 6 (16.7)
node
Negative - - 30 (83.3)
Postoperative cut Positive ) i 14 (38.9)
edge
Negative - - 22 (61.1)

3.2 Histomorphology of cynomolgus monkey and human prostate tissue with HE staining

The histomorphological results of HE staining showed that there were basal cell layers in the prostate
tissue of cynomolgus monkey, and few cases of enlarged nucleoli of glandular epithelial cells. In the
human prostatic hyperplasia tissue, part of the glands were dilated, the hyperplasia of glands and
smooth muscle was obvious, and the basal cell was continuous. The morphology of the two tissues
was similar. The low-risk group of prostate tumors showed that the tumor cells formed a single gland.
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The gland was small, irregular in shape, closely arranged, with few stroma and discontinuous basal
cells. In the middle-risk group, the glands were small and fused, showing small clusters of cells with
irregular boundaries, large and dark nuclei, and irregular nucleoli. The high-risk group showed that
the glandular structure was disappeared accompanied by large and pale stained cells ("adrenoid™). In
the metastasis group, normal acinar structure and basal cells were basically disappeared, lumen cells
were increased, accompanied by increased nuclear chromatin and enlarged nucleoli. The tumor cells
were irregular masses composed of solid sieve tumors and grew into pieces or cords. The changes in
human prostate tumor tissues were significantly different from cynomolgus monkeys and human
prostate hyperplasia tissues (Figure 1).

Figurel: Comparison of histomorphology between cynomolgus monkey and human prostate (HE
staining, >200). A: Cynomolgus monkey group; B: BPH group; C: PCa Low-risk group; D: PCa
Medium-risk group; E: PCa High-risk group; F: PCa Metastatic groups.

3.3 Immunohistochemical comparison of cynomolgus monkey and human prostate tissue

The expression levels of P504s, P53, PTEN and RB1 in the prostate tissues of cynomolgus monkey
and human prostate hyperplasia were all low, but the expression levels of P63, 34BE12 and AR were
high. In the human prostatic hyperplasia tissues, a small amount of PSA was expressed, while the
expression levels of cynomolgus monkeys were negative. In the human prostate tumor tissues, the
expression levels of P504s, PSA and AR were significantly increased, while the low expression levels
of P63, 34BE12, P53, PTEN and RBI1 (figure 2, table 3). The three groups all had high expression
levels of AR and low expression levels of P53, PTEN and RB1.There was no significant difference
between the prostate tissue of cynomolgus monkey and human prostate hyperplasia by
immunohistochemical evaluation (P>0.05), but the difference between the prostate tissue of
cynomolgus monkey and human prostate tumor tissue (P504s, P63, 34BE12, PSA) was statistically
significant (P<0.05). These results suggest that the natural prostate tissues of cynomolgus monkeys
are similar to normal human prostate tissues in both tissue morphology and prostate specific antibody
expression, suggesting that cynomolgus monkeys have a high homology with human genes and are
more suitable as animal models for the study of human prostate tumors than mice and other animals.
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Figure.2: Comparison of immunohistochemical results of prostate markers in cynomolgus monkey
and human (s-p method,x200). *Prostate traid means P504s,P63,34BE12.

Table 3. Immunohistochemical scores (mean+SD, n=9)

Grou Prostate-related Gene Expression
P P504s P63 34BE12 PSA AR P53 PTEN RB1
Cynomolgus 1 3784042 3783042 1114031 o093 1 1
monkey 1
BPH 1 3.8940.31 3.89#0.31 1.78+0.63 4 1 1 1
PCaLow-risk 3.8940.31 1.2240.42 1.3340.47 3.8940.31 4 1 1 1
PCa Medium-risk 4 1.1140.31  1.1140.31 3.8940.31 4 1 1 1
PCaHigh-risk 4 1 1 3.6740.47 4 1 1 1
PCaTransfe 4 1 1 3.7840.42 3'89110 -3 1 1 1
*P>0.05 *P>0.05 *P>0.05 *P>0.05
*x P<< ** P ** P ** Pl P>0.05 OPO>5 OPO>5 OPO>5
0.05 0.05 0.05 0.05 ' ' '

* Cynomolgus monkey groupvsBPH group; ** Cynomolgus monkey group vs PCa group.
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4. Dicussion

Animal model of prostate is an important tool for in-depth study of prostate-related diseases,
especially tumorigenesis, development and treatment methods. Currently, the commonly used
experimental animal research mainly includes mice, rats, dogs and orangutans. [13]. Animal models
of prostate tumors, including transgenic, gene knockout and xenotransplanted mice, have shown
greater significance in human understanding of the rules of disease occurrence and development[14].
However, prostate cancer has a multi-factor and complex progression process. Although animal
models provide new research advances, existing animal models do not fully simulate all the
characteristics of prostate tumors [15]. Compared with other animal models, NHP own high
homology with human genetic material, and are highly similar to humans in terms of anatomical
structure, body immunity, and functional metabolism. So on the construction of animal models, it is
close to human diseases to the greatest extent. James N [16] measured the PSA levels of 66
cynomolgus monkeys and found that the serum PSA concentration was 0.04 to 6.2 ng/ml, with a
median of 1.2 ng/ml, which was similar to the PSA results of cynomolgus monkeys measured in this
study. Other studies have shown that the PSA gene exists in non-human primates such as orangutans,
chimpanzees, cynomolgus monkeys, and rhesus monkeys, but not in dogs, mice, or cows [17]. This
is also an advantage of the cynomolgus monkey model as opposed to the animal model commonly
used for prostate cancer.

In our study, the HE staining of cynomolgus monkey prostate tissue showed that the basal cell layer
was present and continuous, with few enlarged nucleoli in the glandular epithelial cells. Compared
with the human prostate hyperplasia, the tissue morphology of the two was quite similar. In the
immunohistochemistry of the markers, P504s, P53, PTEN and RB1 were expressed at low levels in
both, and P63, 34BE12, PSA and AR were expressed at high levels (P>0.05). When the normal basal
cells of the prostate turn into tumor cells, they secrete unique luminal proteins, such as prostate-
specific antigen (PSA) and androgen antibody (AR), which are commonly used tools to diagnose
prostate tumors [18]. The mutation or deletion of tumor suppressor genes has been a hot topic in the
research and discussion of cancer-related aspects, and the retinoblastoma gene (rb), the tumor protein
53 (tp53) gene and the phosphatase tensin homolog gene (pten) with the deletion of chromosome 10
are the most concentrated in the study of prostate cancer. The dysfunction of PTEN leads to the failure
of the phosphoinositol 3-kinase (PI3K) signaling pathway, leading to prostate adenocarcinoma
(PADC) [19]. P53 mutation is more common in prostate tumors, especially in CRPC [20], which can
promote the transformation of normal cells into tumor cells by regulating the chromatin pathway, and
also lead to the drug resistance of anti-androgen therapy in prostate cancer patients [21]. IHC was
used to detect missense mutation of TP53 with the specificity of 85% and the sensitivity of 100%,
which was a good evaluation method [22]. The functional loss of RB1 and TP53 genes together
promoted the transition from AR-dependent luminal epithelial cells to AR-independent basal-like
cells, and promoted PADC’ s progression and lineage plasticity, partly due to the activation of SOX2
[23, 24]. Therefore, like AR and PSA, PTEN, RB1, and TP53 are all tumor markers indicating
prostate tumor. In recent years, AMACR (P504s) has been proven to be a high-quality immune tissue
biomarker for PCa, with a sensitivity of up to 97%, a specificity of 92%, and is undetectable or low
expression in hyperplasia and normal prostate [25, 26]. Both P63 and high molecular weight keratin
(34BE12) are markers of prostate basal cells. They often indicates that prostate cells are not cancerous
[27]. Anatomic data show that the prostate of cynomolgus monkeys is similar in appearance and size
to that of human beings, indicating the close proximity of the two species. The results showed that
the expression of PSA in normal cynomolgus monkey prostate was low, which was the same as that
in normal humans (0-4ng/ul), suggesting that it is similar to human expression. Therefore, PSA level
in vivo could be used as an indicator to monitor the occurrence and development of prostate cancer
in cynomolgus monkeys. Xiaogian Ma [28] established a mouse model of prostate cancer in which
pten was completely knocked out by targeting the inactivated pten gene, and it could progress to
aggressive prostate cancer and eventually metastatic prostate cancer. Yao Wang [29] simultaneously
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knocked out p53 and eaf2 genes in mice in the study of prostate tumors, which resulted in the
formation of prostate tumors. These hints that we may induce prostate tumors in cynomolgus
monkeys by knocking out tumor suppressor genes such as pten and p53. Normal cynomolgus
monkeys rarely develop prostate tumors naturally , which provides convenience for us to use
CRISPR-Cas9 to knockout pten, p53, rbl gene to induce spontaneous tumorigenesis of prostate. At
the same time, this is also the reason why the IHC results of various prostate tumor markers in
cynomolgus monkeys are similar to BPH sampers, suggesting that we can evaluate the success of
prostate tumor model construction by observing the IHC changes of these markers. It is worth noting
that our current model construction should be based on the premise of large-scale breeding. Although
the NHP model has been gradually used in cancer research, the physiological health of animals will
also have a certain impact on the experimental results, which also suggests that we should further
optimize the breeding and management mode [30, 31]. Non-human primates are the most ideal
substitutes for humans and important research and experimental objects. They are widely used in
scientific research, medicine, national defense, and non-clinical trials of drugs, safety assessment, etc.
All through the cynomolgus monkey marker gene associated with prostate tissue morphology and
immunohistochemical contrast, can be concluded that the cynomolgus monkey gene has high
homology with humans, which is expected to become a human model as an ideal model of prostate
tumor animal research.

5. Conclusion

The prostatic tissue of cynomolgus monkey was similar to that of human benign prostatic hyperplasia,
and different from that of prostate tumors of different grades. The expression of P504s, PSA, P53,
PTEN and RB1 in immunohistochemistry were low, while the expression of P63, 34BE12 and AR
were high. The expression of related markers in benign prostatic hyperplasia tissues of cynomolgus
monkeys was similar to that of human, but significantly different from tumor in P504s, P63, and
34BE12. Cynomolgus monkeys could be used as one of the best model for the study of prostate cancer.

Conflict of interest

The authors declare that they have no conflict of interest.

Acknowledgements

Thanks to Guangdong Landau Biotechnology Co. Ltd. and Yue-feng Li for providing the naturally
dead cynomolgus monkey and assisting the research team in the autopsy of the cynomolgus monkey.

The materials collection, embedding, slicing and staining were completed by Zheng Chen and Yu-

hang Pan.

This study was supported by National Natural Science Foundation of China Youth Project (81902615)
and Leading Specialist Construction Project-Department of Urology, the First Affiliated Hospital,

Jinan University (711006).

References

[1] F. Bray, J. Ferlay, I. Soerjomataram, et al. Global cancer statistics 2018: GLOBOCAN estimates
of incidence and mortality worldwide for 36 cancers in 185 countries, CA Cancer J Clin, 68
(2018) 394-424.

[2] H. Brody, Prostate cancer, Nature, 528 (2015) S117.

[3] T.G. Roberts, B.H. Goulart, L. Squitieri, et al.Trends in the risks and benefits to patients with
cancer participating in phase 1 clinical trials, JAMA, 292 (2004) 2130-2140.

[4] M. Hay, D.W. Thomas, J.L. Craighead, et al. Clinical development success rates for
investigational drugs, Nat Biotechnol, 32 (2014) 40-51.

194



International Journal of Science Vol.7 No.6 2020 ISSN: 1813-4890

[5] S. Kumar, S.B. Hedges. A molecular timescale for vertebrate evolution, Nature, 392 (1998) 917-
920.

[6] D.M. Parkin. The global health burden of infection-associated cancers in the year 2002, Int J
Cancer, 118 (2006) 3030-3044.

[7] C.E.Mire, D. Matassov, J.B. Geisbert, et al. Single-dose attenuated Vesiculovax vaccines protect
primates against Ebola Makona virus, Nature, 520 (2015) 688-691.

[8] T. Kikuchi, A. Morizane, D. Doi, et al. Human iPS cell-derived dopaminergic neurons function
in a primate Parkinson's disease model, Nature, 548 (2017) 592-596.

[9] H. Thiebot, B. Vaslin, S. Derdouch, et al. Impact of bone marrow hematopoiesis failure on T-
cell generation during pathogenic simian immunodeficiency virus infection in macaques, Blood,
105 (2005) 2403-2409.

[10]H. Yang, Z. Liu, Y. Ma, et al. Generation of haploid embryonic stem cells from Macaca
fascicularis monkey parthenotes, Cell Res, 23 (2013) 1187-1200.

[11]T. Nordstrém, O. Akre, M. Aly, et al. Prostate-specific antigen (PSA) density in the diagnostic
algorithm of prostate cancer, Prostate Cancer Prostatic Dis, 21 (2018) 57-63.

[12]S.S. Chen, M.J. Lin, M.F. Weng, et al. Influence of prostate size on the perioperative and
postoperative outcome of transurethral plasmakinetic enucleation of the prostate: Results of 892
patients with 3 years of follow-up, Kaohsiung J Med Sci, 34 (2018) 576-582.

[13] M. Ittmann, J. Huang, E. Radaelli, et al. Animal models of human prostate cancer: the consensus
report of the New York meeting of the Mouse Models of Human Cancers Consortium Prostate
Pathology Committee, Cancer Res, 73 (2013) 2718-2736.

[14]F. Wang. Modeling human prostate cancer in genetically engineered mice, Prog Mol Biol Transl
Sci, 100 (2011).

[15]P.J. Hensley, N. Kyprianou. Modeling prostate cancer in mice: limitations and opportunities, J
Androl, 33 (2012) 133-144.

[16]J.N. Mubiru, G.B. Hubbard, et al. Nonhuman primates as models for studies of prostate specific
antigen and prostatic diseases, Prostate, 68 (2008) 1546-1554.

[17]J.F. Karr, J.A. Kantor, P.H. Hand, et al. The presence of prostate-specific antigen-related genes
in primates and the expression of recombinant human prostate-specific antigen in a transfected
murine cell line, Cancer Res, 55 (1995) 2455-2462.

[18]K. Saeed, V. Rahkama, S. Eldfors, et al. Comprehensive Drug Testing of Patient-derived
Conditionally Reprogrammed Cells from Castration-resistant Prostate Cancer, Eur Urol, 71
(2017) 319-327.

[19]H.M. Wise, M.A. Hermida, N.R. Leslie. Prostate cancer, PI3K, PTEN and prognosis, Clin Sci,
131 (2017) 197-210.

[20]D. Robinson, E.M. Van Allen, Y. M. Wu, et al. Integrative clinical genomics of advanced prostate
cancer, Cell, 161 (2015) 1215-1228.

[21]J. Zhu, M.A. Sammons, G. Donahue, et al. Gain-of-function p53 mutants co-opt chromatin
pathways to drive cancer growth, Nature, 525 (2015) 206-211.

[22]L.B. Guedes, F. Almutairi, et al. Analytic, Preanalytic, and Clinical Validation of p53 IHC for
Detection of Missense Mutation in Prostate Cancer, Clin Cancer Res, 23 (2017) 4693-4703.
[23]S.Y. Ku, S. Rosario, Y. Wang, et al. Rb1 and Trp53 cooperate to suppress prostate cancer lineage

plasticity, metastasis, and antiandrogen resistance, Science, 355 (2017) 78-83.

[24]H. Beltran, D. Prandi, J.M. Mosquera, et al. Demichelis, Divergent clonal evolution of castration-

resistant neuroendocrine prostate cancer, Nat Med, 22 (2016) 298-305.

[25]T. Etheridge, J. Straus, M.A. Ritter, et al. Semen AMACR protein as a novel method for detecting
prostate cancer, Urol Oncol, 36 (2018) 532.e531-532.e537.

195



International Journal of Science Vol.7 No.6 2020 ISSN: 1813-4890

[26]Z. Jiang, G.R. Fanger, B.A. Woda, et al. Expression of alpha-methylacyl-CoA racemase (P504s)
in various malignant neoplasms and normal tissues: astudy of 761 cases, Hum Pathol, 34 (2003)
792-796.

[27]M.R. Raspollini. Cytokeratin (AE1/AE3) in addition to alpha-methylacyl coenzyme A racemase
(P504S), 34-beta-E12, and p63 stains in evaluation of surgical specimens after hormonal therapy
for prostatic adenocarcinoma, Hum Pathol, 39 (2008).

[28] X. Ma, et al. Targeted biallelic inactivation of Pten in the mouse prostate leads to prostate cancer

accompanied by increased epithelial cell proliferation but not by reduced apoptosis, Cancer Res,
65 (2005) 5730-5739.

[29]Y. Wang, L.E. Pascal, M. Zhong, et al. Combined Loss of EAF2 and p53 Induces Prostate
Carcinogenesis in Male Mice, Endocrinology, 158 (2017) 4189-4205.

[30]H.J. Xia, C.S. Chen. Progress of non-human primate animal models of cancers, Zool Res, 32
(2011) 70-80.

[31]K.C. Baker, A.M. Dettmer, The well-being of laboratory non-human primates, Am J Primatol,
79 (2017) 1-5.

196



