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I. Introduction 

a) Prostate carcinoma epidemiology: mortality rates, incidence and prevalence 

After lung cancer, prostatic adenocarcinoma (PCa) is the second leading cause of male cancer 

deaths in the US. A total of 41,800 men died of PCa in 1997 and in men over the age of 55 

years PCa is responsible for nearly 4% of all deaths ' The age-specific PCa mortality rate has 

increased approximately 14% over the past six decades '. However, the PCa-related mortality 

is relatively low when compared to the total number of patients diagnosed each year with PCa; 

i.e., 'clinically diagnosed PCa'. In 1997 in the US, 334,500 new cases of PCa were estimated 

to be diagnosed clinically, three times more than those from the respiratory tract \ Thus, the 

vast majority of the PCa patients will die with this disease rather than from it This might be 

explained by the advanced age of men at the time of diagnosis in combination with relatively 

slow tumor growth, implying that a large number of men may not live long enough to die of 

PCa I_2 The number of men diagnosed each year with PCa has shown a 30% increase over the 

last 25 years, and for the next decade, a similar trend of rising incidence is expected 3. 

Moreover, PCa incidence is estimated to have doubled by the year 2030 4 This is due to the 

strong association of PCa with age in combination with the rising average age of American 

men, improvements in detection techniques and programs for early detection of PCa3. 

The number of males diagnosed each year with PCa is not similar among different racial 

populations Bernstein et al. observed that PCa is most commonly diagnosed in African-

Americans (116/100,000 persons per year) Intermediate incidence rates are found in 

Caucasians (71/100,000) and lowest rates among Asians (Japanese 39/100,000, Chinese. 

28/100,000)6 Thus, this particular registration found a more than fourfold difference in PCa 

incidence worldwide This difference is a conservative estimate when compared to cancer 

registration studies that found a 30-fold difference or more in PCa incidence between African-

Americans and Asians7. 
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Interestingly, autopsy cases and cystoprostatectomy specimens removed for bladder cancer 

reveal a high prevalence of PCa lesions that have not been diagnosed clinically8'10. It has been 

estimated that 15-30% of males over the age of 50 and as many as 80% of the males over the 

age of 80 harbor such clinically undetected foci of PCa ^10. Consequently, eight million US 

males older than 50 years are estimated to have PCa, which makes PCa the most prevalent 

cancer in man 3,s. Comparing the incidence and prevalence rates, the vast majority of men who 

harbor PCa lesions will not be diagnosed with this disease. Geographically, the prevalence of 

PCa in autopsy cases without a prior clinical diagnosis of this disease is roughly the same 

worldwide 10"12. Thus, although men from different races harbor foci of carcinoma in their 

prostates at a similar frequency, the number of men whose tumors will become clinically 

apparent is much higher among men from African-American populations compared to 

Caucasians or Asians. Interestingly, Whittemore et al. addressed that African-American men 

appear to have a larger volume of PCa at autopsy compared to Caucasians 2. These relative 

large carcinomas are likely to progress to clinically apparent disease at a faster rate. Consistent 

with this hypothesis is the observation that US black men typically present with PCa at 

younger ages with larger volume, higher stage and often higher grade tumors than Caucasian 

men, with consequently higher mortality rates 6pI3. These studies also suggest that the events 

that account for racial/ethnic differences in PCa incidence had occurred very early in the 

process of carcinogenesis, possibly already at the stage of (pre)malignant transformation. 

Interestingly, some studies have focused on racial/ethnic differences in the characteristics of 

prostatic intraepithelial neoplasia (PIN), the lesion considered to be the precursor of PCa l l , M . 

Sakr et al. revealed that the overall prevalence of high-grade PIN lesions found during autopsy 

in African-American men (JV=314) exceeded that in their Caucasian counterparts (ΛΓ=211) (11). 

High-grade PIN lesions in African-American men also tended to be more diffuse with 

multifocal or extensive involvement of the prostate compared to Caucasians l l 1 4 . 
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In addition, extensive high-grade PIN appeared approximately a decade earlier in African-

American males compared to Caucasians " The finding of differences in the prevalence of 

high-grade PIN lesions in African-Americans vs. Caucasians seems to contradict with 

worldwide similar rates of PCa found at autopsy One likely explanation is that high-grade PIN 

is not a precursor lesion to carcinomas that remain 'clinically silent' but to those PCa lesions 

that will progress to be detected clinically The above-mentioned observations of PCa 

epidemiology make this disease unique among other types of malignancies (Figure 1) 

Estimated number of men 
harboring foci of adenocarcinoma 
¡n their prostate (№=8,000,000) 5 

Ζ 

Estimated number of 
clinically detected 
prostate carcinomas 
(W=334,500)1 

¿ 
Jff 

Prostate carcinoma-related 
. deaths fW=41,800)1 

Figure 1- Frequency of prostatic adenocarcinomas among the general population If the prevalence of 
prostate carcinoma among men more than 50 years of age is 30%, then approximately 8,000,000 
Americans harbor foci of carcinoma in their prostate 5 Yet, in 1997 only 334,500 men were estimated 
to be clinically diagnosed with this malignancy and the vast majority of these males died from causes 
other than prostate carcinoma1 
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b) Familial clustering of prostate carcinoma 

Epidemiological studies have clearly demonstrated that PCa has an inherited component After 

some early reports suggested an increased risk of PCa mortality among relatives of PCa 

probands " , Cannon et al presented a study in which the Utah cancer registry data were 

linked to the Mormon genealogy registry " It appeared that familial clustering between 2,821 

patients with PCa was much stronger than that of an age and race matched control group 

Familial clustering of PCa patients was also much stronger than that of two types of cancer for 

which the existence of a hereditary subtype was widely accepted breast and colon cancer 

Subsequently, Meikle et al. reported that brothers of young PCa patients (age at diagnosis 62 

years or less) have a fourfold-increased risk of PCa compared with brothers-in-law and the 

general population 1β Similarly, brothers and fathers of PCa probands had a statistically 

significant, 76% higher risk of PCa than the male first-degree relatives of control subjects " 

When families were selected for the presence of PCa, risks for cancer at other sites appeared 

not to be increased These authors proposed that familial clustering of PCa is a site-specific 

disease that is not part of other hereditary cancer syndromes I 9 In addition, twin studies 

demonstrated that the concordance rate for PCa was significantly higher for monozygous twins 

than for dizygous twins20'21 

Current understanding suggests that accumulation of multiple genetic alterations is 

important for cancer to occur Persons who inherit one of these genetic alterations are thought 

to be predisposed to cancer development, and are at higher risk for cancer at an early age than 

individuals who acquire these alterations later in life Therefore, one feature of an inherited 

form of cancer is an increased clustering of cancers in the families of cases with early onset 

Indeed, Carter et al reported cumulative risks of PCa of 14%, 25%, and 40% for first-degree 

relatives of PCa cases with an age at diagnosis > 65, 53-65, and < 53, respectively Ώ 
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The consistent finding of a younger age at diagnosis in hereditary PCa case patients has raised 

the issue as to whether or not to screen in men with a strong family history of PCa, starting at 

age 40 years и . 

The best fitting model that explained the familial aggregation and age at diagnosis is a rare 

autosomal dominant susceptibility gene, and this model fitted best when probands were 

diagnosed at 60 years of age or less 24. The model predicted that the frequency of the 

susceptibility gene in the population is 0.006 and that the risk of PCa by age 85 years is 89% 

among carriers of the gene and 3% among noncarriers (24). Of all PCa occurrences, 

approximately 9% were estimated to result from such a gene H . Based on the results of a 

segregation analysis, three criteria for hereditary PCa were defined: I) a cluster of 3 or more 

first-degree relatives with PCa, or 2) PCa in each of three generations in the paternal or 

maternal lineage, or 3) two or more first or second-degree relatives with PCa under the age of 

55 22. 

c) Scope of the review 

The epidemiological characteristics of PCa have been recognized for several decades 3. It is of 

great importance to understand the factors responsible for prostate carcinogenesis, why some 

carcinomas remain 'clinically silent' during life whereas other tumors progress to present 

clinically and may lead to PCa-related death. A better understanding of these mechanisms in 

molecular genetic terms will likely point to more rational approaches to disease prevention, 

intervention, and treatment. A number of reviews have focused on molecular genetic changes 

associated with prostate carcinogenesis, like viral oncogenesis 25, the role of oncogenes 2 6 or 

tumor suppressor genes27, whereas others have provided reviews with a wider scope28-29. This 

review seeks to provide a comprehensive overview of the current state of our knowledge 

regarding the etiology and molecular pathogenesis of PCa in relation to the epidemiologic 

characteristics of the disease. 
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II Somatic Genetic Alterations ш Prostate Carcinoma 

a) Alterations in DNA methylation 

In human cancer cells, some genomic alterations are characterized by abnormal methylation 

The patterns of abnormal methylation include hypermethylation, redistribution of methylation, 

and demethylation of normally methylated regions Loss of 5'- methylcytosines, or 

hypomethylation, has been reported to occur in human PCa, but its significance is not entirely 

clear 3 0 Of more biological importance are genomic regions of hypermethylation The most 

important site of abnormal methylation occurs in regions of high-density C-G dinucleotide 

sequences, referred to as CpG islands These CpG islands are generally found in or near the 5'-

region of genes, which may contain the promotor and one or more exons of its associated 

gene 

Methylation of CpG-nch islands may be associated with transcriptional inactivation of the 

associated gene, like the CDKN2 (pJ6) gene 3 1 This gene, located at 9p21, encodes a cyclin-

dependent kinase inhibitory protein that controls passage through the Gl phase of the cell 

cycle32 Inactivation of the CDKN2 gene by homozygous deletion, point mutation or aberrant 

methylation in the 5'- promotor region may induce progression through the cell cycle It has 

been shown that homozygous deletion of this gene occurs in approximately 20% of the PCa 

samples33 Methylation analysis of a CpG-nch promotor region m exon 1 of the CDKN2 gene 

revealed dense methylation in three PCa cell lines (TSU-PR1, PPC-1, PC-3) and this was 

found to correlate with a lack of mRNA expression by reverse transcnption-polymerase chain 

reaction 3 2 Importantly, m vitro treatment of these PCa cell lines with the demethylating agent 

5-aza-2'- deoxycytidine induced re-expression of CDKN2 transcripts 3 4 In human PCa 

samples, Jarrard et al showed that three (13%) of 24 primary and one (8%) of 12 metastatic 

tumor samples demonstrated promotor methylation31 
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In the same study, deletions near the CDKN2 gene were detected in 12 (20%) of 60 primary 

tumors and in 13 (46%) of 28 metastases In early stage PCa, Gu et al. could not find any 

intragenic alteration of the methylation pattern 35 However, two samples did have deletions 

proximal to or within the pl6 gene These results indicate that mutations in pió or that 

inactivation of pió by DNA methylation may not be a dominant pathway for the 

transformation into PCa, but may be involved in progression of disease 

Recently, Lee et al. examined the methylation status of the glutathione S-transferase (GST) 

gene promotor in prostate tissue 36 The GiST gene, located on chromosome llql3, is an 

essential part of an important cellular pathway to prevent damage from a wide range of 

carcinogens Analysis of a CpG island within the promotor region revealed hypermethylation of 

the GST gene in all 20 PCa samples A striking decrease of GSTP1 expression was found to 

accompany prostate carcinogenesis. Further analysis of 91 PCa samples by 

immunohistochemical staining with an anti-GSTPl antibody revealed that no GSTP1 

expression could be detected in 88 of these cancer specimens 36 Methylation alterations at the 

GST gene were not detected in DNA samples from 12 nonmahgnant tissues, including five 

samples from benign prostatic hyperplasia 36 However, hypermethylation has been found in 

nonmalignant tissues, for example at the Tiypermethylated in cancer' (Hwl) gene 

Hypermethylation of Hid was also found in 25 of 26 PCa specimens 37 Methylation of the 

GST gene promotor and the Hid gene appears to be a common phenomenon in PCa This 

finding warrants further study to understand its biological implications Clinical studies are 

currently undertaken to design a GSTP1 CpG-island methylation assay that may serve as a new 

molecular diagnostic tool for PCa detection The finding of hypermethylation of the Hid gene 

in nonmalignant tissues may provide further insight into the marked tendency of the prostate 

towards malignant transformation 
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b) The androgen signaling cascade 

Testosterone (T) is the principal male sex hormone secreted by the testis that circulates in the 

blood bound to albumin and steroid-binding globulins 38. Only free Τ is able to enter the cell 

after which more than 90% is irreversibly converted into the main prostatic androgen, 

dihydrotestosterone (DHT) through the action of the enzyme 5-alpha reductase (Figure 2) 3 8 . 

Testosterone 

5-alpha reductase 

5-alpha DHT + AR-HSP 

AR-DHT + HSP 

Transcription 

Figure 2- Concepts of androgen activation through receptor binding 
Abbreviations DHT, dihydrotestosterone, AR, androgen receptor, HSP, heat-shock protein, ARE; 
androgen responsive elements 

The binding affinity to the prostatic androgen receptor (AR) of DHT is five times higher than 

that of Τ 39. The AR is normally associated with heat shock proteins and in this state can not 

bind to androgen responsive elements ю Androgen binding induces dissociation from heat 

shock proteins, hyperphosphorilation, conformational changes and dimerization of the 

receptor 
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This allows binding of the AR to specific DNA sequences called androgen responsive elements 

located within the promoters of androgen responsive genes In conjunction with cofactor 

proteins and other transcriptional factors, the AR is then able to up- or down-regulate the 

transcription of genes (Figure 2) 4 1 

In PCa treatment the AR is the target of endocrine therapy by reducing the levels of Τ and 

DHT This can be achieved either by orchidectomy (surgical castration) and/or the 

administration of (anti)hormones, also referred to as chemical castration, anti-androgen 

therapy, androgen blockage or androgen ablation therapy Androgen ablation therapy may be 

divided into partial androgen ablation (surgical castration or agents that inhibit or block 

testicular androgens) and complete androgen ablation (combining agents that inhibit or block 

both testicular and adrenal androgens) Blockade of the androgen signal kills PCa cells through 

induction of programmed cell death 3 8 As many as 80% of the patients initially respond to 

partial or complete androgen ablation, but the duration of response is in most patients only 12 

to 18 months n because essentially all tumors have gained the ability to maintain growth even 

when androgens are present at very low concentrations n Complete androgen ablation 

prolongs the time of response by 3 to 6 months but increases the treatment-related side effects 

and expense u Many different terms have been used to describe the process of therapy failure, 

like hormone escaped, therapy resistant, androgen refractory or androgen independent disease, 

the latter term will be used in this review Androgen independent growth of PCa may portend a 

poor prognosis as it reflects the acquisition of new growth advantages by the cancer cells 

Therefore, it is of major clinical importance to elucidate the qualitative and quantitative 

alterations of AR gene alterations in PCa specimens 

It has previously been suggested that the AR is the cause of androgen independence of PCa 

Therefore, it was not anticipated that immunohistochemical and RT-PCR methods proved 

expression of the AR in almost all primary and advanced tumor lesions irrespective of the 

sensitivity of the tumors to androgen ablation therapy43_44 
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Thus, mechanisms other than loss of AR expression are likely to be involved in progression of 

PCa to an androgen-independent state. These might involve both androgen-independent 

mechanisms, such as activation of growth factor pathways, and androgen-dependent 

mechanisms, such as rate of metabolism, hypersensitivity to residual non-testicular androgens, 

increased androgen biosynthesis from adrenal precursor steroids or alterations of the AR gene. 

To date, 39 AR gene mutations in PCa samples have been collected on an Internet site 

(httpV/www.mcgill.ca/androgendb) A1. Twenty additional mutations have been described by 

two other reports A total of 12 PCa specimens contained a mutation in the amino-

terminal domain (exon 1), which encodes more than half of the AR protein. Other mutations 

have been found in the DNA-binding domain (exons 2-3, 3 PCa specimens) and in the hinge 

region (exon 4, 2 PCa specimens) of the AR gene. Mutations in the steroid-binding domain 

(exons 4-8, 42 PCa specimens) of the AR gene are of particular clinical importance because 

they could render the mutant receptor constitutively active due to loss of the normal repression 

of AR transactivation in the absence of androgen. Another effect of AR gene mutations is that 

the AR can be activated not just by DHT but also by other steroid metabolites that otherwise 

have a low affinity for the AR43·50"51 For example, Culig et al. reported an AR gene mutation 

in the steroid-binding domain of a metastatic PCa sample 5I. The transcriptional activity of the 

mutant AR was similar to that of the normal AR in the presence of DHT but was increased in 

the presence of progesterone and adrenal androgens. Growth stimulation of tumors with such 

receptor mutations would be expected to occur following surgical castration alone (due to 

adrenal androgens) or estrogen or progesterone therapy (cyproterone acetate, Chlormadinone 

acetate) (Figure 3). 

Of similar clinical importance is the finding that one of the currently available antiandrogens 

flutamide has an increased affinity for the mutant AR 52. Flutamide is able to induce 

dissociation of heat shock protein on binding to the 868 (Thr —> Ala) mutant. 
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This may subsequently enable the AR to bind to androgen responsive elements resulting in the 

expression of agonist activity (Figure 3) m. The benefits of discontinuation of flutamide in 

patients whose metastatic PCa becomes androgen-independent has been referred to as the 

'flutamide withdrawal syndrome' " . There is also preliminary evidence that withdrawal 

responses to the antiandrogen Chlormadinone acetate are associated with the presence of a 

mutated AR54. 

Androgens 

Non-testicular steroid hormone: 
Antiandrogens 

ens Growth factors 

Figure 3- The mutant androgen receptor (AR) can be activated by a variety of steroid hormones, 
antiandrogens and growth factors 

In primary untreated PCa, AR gene mutation rates have been found in between 0 and 41% of 

the specimens 51,54"60 The apparent absence οι AR gene mutations in the majority of primary 

tumors may indicate that the development of clinical PCa occurs predominantly in the presence 

of a normal AR gene. 
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If functional AR mutations occur prior to androgen ablation therapy, broadened ligand 

specificity of the AR may contribute to a growth advantage since PCa has lower levels of 5-

alpha reductase and thus of DUT than normal ^ 6 0 Similarly, during androgen ablation therapy 

patients with mutant ARs in their tumors have been shown to exhibit a rapid failure of therapy 

whereas men without AR mutations showed a prolonged response to the therapy w Mutation 

rates in androgen-independent PCa samples varies in between 0%58·61·*2 and 50% 4 3·5 4·5 7. 

The differences in the prevalence of AR gene mutations could be attributed to the 

examination of small fragments of the AR gene rather than the complete AR coding region. 

Different AR gene mutation rates may also be due to the variability in the exons examined and 

to techniques used for mutation analysis, including single stranded conformation polymorphism 

and denaturating and temperature gradient gel electrophoresis In addition, mutations may not 

be detected if a considerable amount of somatic DNA is present in the sample analyzed Such 

contamination is especially a problem with PCa because these carcinomas characteristically 

expand through diffuse penetration of the adjacent stroma by small abortive glands and single 

cells More reliable estimates of AR mutation rates are anticipated when nonmalignant tissue is 

carefully removed from the sample to be analyzed, for example by (laser) microdissection 

AR gene amplification may also contribute to the development of androgen-independent 

growth of PCa 6 3 - 6 4 Koivisto et al. examined tumor specimens from 26 PCa patients at the 

time of, and prior to androgen-independent disease и Fifteen (28%) of the recurrent 

androgen-independent tumors, but none of the untreated primary tumors contained AR gene 

amplification as determined by fluorescence in situ hybridization. This group also demonstrated 

that AR gene amplification does not commonly occur during the clinical progression of cancer 

in patients who had not received androgen ablation therapy These findings strongly suggest 

that it had occurred as a result of selection during androgen ablation therapy 
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Of note, the median survival time after recurrence of androgen ablation therapy was 

significantly two times longer for patients with AR amplification in comparison to those with 

no amplification63 This observation was not anticipated because DNA amplification is usually 

associated with genetically highly unstable " and aggressive tumors M Koivisto et al 

speculated that the ΛΑ-amplified tumor cells, although being genetically unstable, are still 

subject to rigorously regulated androgen-dependent growth and therefore show a lower level 

of malignant potential63 

The realization that the androgen receptor is expressed and obviously active during all 

stages of prostate carcinogenesis has changed our concept of the androgen-independent 

cancer The androgen signaling cascade also is apparently still a reasonably target for therapy 

in advanced stages of PCa However, the currently available therapeutic means are not 

sufficient to block androgen stimuli through a hyperactive androgen receptor during these later 

stages of the disease Consequently, it will be important to determine in clinical trials whether 

complete androgen ablation therapy is effective as a second-line therapy for recurrent 

androgen-independent tumors with AR amplification In addition, it is important to establish 

whether complete androgen ablation as a primary treatment also leads to recurrence through 

AR gene mutations or through AR amplification 

There is increasing evidence that peptide growth factors can also activate the AR through a 

hgand-independent mechanism, such as the cAMP, protein kinase A and С pathway 6 7 For 

example, Cuhg et al demonstrated that insulin-like growth factor-1 was able to induce AR-

mediated transcription in the DU-145 cancer cell line 6 8 Less potent stimulatory effects were 

observed with keratinocyte growth factor and epidermal growth factor In the PCa cell line 

LNCaP, insulin-like growth factor-1 increased the level of prostate-specific antigen 6 ' 

Interestingly, the paracrine mode of action of growth factors in the nonmahgnant prostate and 

during early stages of PCa is altered towards autoenne stimulation of epithelial cells during 

advanced stages of disease 
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Thus, in androgen-independent PCa the tumor cells might have gained the ability to produce 

growth factors by themselves resulting in proliferation through action of the AR (Figure 4)69. 

Moreover, some of the mutant AR may be activated more efficiently by polypeptide growth 

factors than the wild-type receptor (Figure 3) 

EGF 
TGFalpha.beta 
IGF-1 
bFGF 

EGF 
_ .̂ TGFalpha.beta 

IGF-1 
bFGF 

Non-malignant prostate 
Localized prostate cancer 

Advanced stages of prostate cancer 

Figure 4- Site and action of polypeptide growth factors in non-malgnant and malignant prostate. In non-
mahgnant prostate tissue and during early stages of prostate carcinoma, some growth factor are 
produced by stromal cells with resultant effects on the epithelial cells population However, during 
advanced stages of prostate carcinoma, cancer cells may have gained the ability to produce some of the 
growth factors by themselves 

These observations may be another explanation why some tumors continue to grow following 

androgen ablation therapy There are at least two therapeutic implications related to the above 

mentioned observations 
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First, AR activation by insulin-like growth factor-1, keratinocyte growth factor or epidermal 

growth factor can be completely inhibited by the nonsteroidal antiandrogen casodex Thus, 

some antiandrogens can still be bénéficiai following loss of response to androgen ablation 

therapy Second, these findings may open the avenue for chemopreventive intervention of 

dysregulated signal transduction pathways, protein tyrosine kinases being essential components 

of these pathways 70. Because loss of tyrosine kinase regulatory mechanisms has been 

implicated in neoplastic growth, the epidermal growth factor receptor (EGFr) has been 

selected as a potential target for chemoprevention 70 Zolfaghari et al. demonstrated that the 

PCa cell line TSU-PR1 expresses a functional EGFr, which when antagonized reduced 

epidermal growth factor mediated chemomigration of this cell line 71 Similarly, 

immunoprecipitation of EGFr or immunoneutralizing antibodies against its ligands epidermal 

growth factor and transforming growth factor-α resulted in a significant decrease of cell 

proliferation n Further characterization of cross-talk between the androgen signaling cascade 

and growth factors will certainly provide information that is necessary for a better 

understanding of the molecular basis of PCa progression These findings may influence the 

design of new modalities of endocrine therapy for advanced PCa 

A lifelong enhanced activity of the AR due to an inherited polymorphism in the AR gene 

might also alter the risk of PCa Two highly polymorphic CAG 73 and GGN 74"76 (where N is 

any of the four nucleotides) microsatellite repeats are present in exon 1 of the AR gene, 

residing the transactivation domain With respect to the GGN repeat, the most frequently 

occurring alleles among 73 white men were 22 (51%) and 23 (42%) repeats, counting only 

GGC and GGT triplets 76 Limiting their counts to the number of GGN repeats to those 

contiguous triplets in which the third nucleotide was cytosine, Irvine et al. reported that CAG 

and GGC repeats were in linkage disequilibrium among PCa cases, but not among controls77 
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The odds ratio for PCa comparing any GGC repeat length to the control group mean of 16 was 

1 18 (P=0 08)7 7, and in another study the odds ratio for PCa was 1 60 among men with 16 or 

fewer repeats compared to those with more than 16 repeats7S In a recent study by Platz et al. 

582 PCa cases and 794 controls were analyzed for GGN repeats 74. No statistically significant 

difference in the mean GGN repeat length was observed between cases and controls However, 

cases had a narrower spread of repeat lengths than controls (P=0 03), with fewer extreme 

lengths in either direction For every one repeat deviation in either direction from 23, the risk 

of PCa decreased by 8% (p=0 04) 7 4 Reasons for the disparity in the direction and/or 

magnitude of the effect between the three studies are unclear but possibly include instability in 

the estimates of effect due to small numbers, especially at the extreme of the GGN repeat 

length distribution, genetic variability in the underlying populations from which the case-

controls were drawn, different proportions of cases who were older at diagnosis, and 

etiological differences due to an increased proportion of early lesions resulting from screening 

for prostate-specific antigen in recent years 

The second polymorphic AR gene microsatellite is the С AG repeat73. An expansion of the 

microsatellite to 40-62 CAG repeats is associated with X-linked spinal and bulbar muscular 

atrophy (Kennedy's disease) 7 9 The average length of the CAG microsatellite in the normal 

population is 21 ± 2 (range 11-35)73 Giovannuci et al. found an association between CAG 

repeat length less than 19 and higher risk of PCa relative to more than 25 CAG repeats 

(relative risk, 1 52, 95% confidence interval, 0 92-2 49, p=0 04) , 0 This group also 

demonstrated that men with shorter repeats were at particularly high-risk for metastatic PCa 

Similarly, Stanford et al. observed a 3% decrease of PCa risk for each additional CAG repeat 

78 The above mentioned data have been confirmed by other studies77·81"82 
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Several investigators have tried to correlate the expansion of the CAG repeats with a 

particular alteration in AR action, but the results remain ambiguous. A reduced amount of 

specific androgen binding in tissue of patients with Kennedy's disease has been reported as a 

result of the expanded CAG repeats 83'84 although this finding could not be confirmed by 

Chamberlain et al. 85. Others have indicated that expansion of the Gin repeat in the AR N-

terminal region results in a structurally altered protein with reduced transcriptional capacity 8S" 

n. However, three studies demonstrated that an AR lacking the CAG repeats transactivates 

normally 89"". Also, functional analysis of a CAG repeat expansion in two brothers with 

Kennedy's disease revealed that hormone binding, transactivation and transrepression 

potentials were identical to that of a wild-type receptor n. An alternative molecular mechanism 

was raised by Choong et al. who observed that CAG repeat expansion in the region of the first 

exon of the AR gene reduced AR mRNA and protein levels ". It is obvious from these studies 

that definitive conclusions regarding the mode of action of CAG repeats on AR function still 

remain to be determined. 

Interestingly, the frequency distribution of the AR gene CAG repeat length varies among 

different racial/ethnic groups. Shorter alleles, associated with increased risk of PCa, are found 

more frequently in African-Americans men who have a higher incidence of PCa. Conversely, 

populations at lower risk of PCa (Asians and whites) exhibit a relative high number of CAG 

repeats (Figure 5) 73,77. The resultant effect of any inherited polymorphism of a given gene 

encoding hormone receptors is present throughout life. Therefore, even polymorphisms 

associated with modest fluctuations in risk of PCa could explain a large proportion of the 

racial/ethnic differences in PCa incidence. In contrast, rare mutations associated with 

substantially increased risk are likely to account for a smaller fraction of these differences. To 

date, only one group has evaluated AR gene mutations among various ethnic populations 49. 

No AR gene mutations were found in clinically detected PCa samples from 26 American and 

38 Japanese men. 
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Remarkable was the finding of 18 mutations identified in 79 clinically undetected PCa samples 

from Japanese male autopsy cases, while none were found in 43 similar tumors from American 

autopsy cases 49. The authors proposed that these mutations might block further cellular 

expansion and genetic progression in these latent PCa lesions None of the AR gene mutations, 

however, was characterized functionally. This interesting observation merits further study 

14 16 18 20 22 24 
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Figure 5- Frequency distribution of the AR gene CAG repeat length in the African-American and Asian-
Amcncan male population Data based on Edwards et al n 

Other genes involved in the androgen signaling cascade may also play a role in racial/ethnic 

differences of PCa risk, such as genes encoding 3ß-hydroxysteroid dehydrogenase (3ß-HD) 

type 2 and 5-alpha reductase type 2 Devgan et al. reported the existence of a complex (TG)n 

(TA)n (CA)n dinucleotide repeat in 3ß-hydroxysteroid dehydrogenase type 2 gene (HSD3B2) 

91 A total of 25 different alleles were identified of which the 289 basepairs (bp) allele was 

shown to be the most common allele in all populations studied 
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Interestingly, a 275 bp allele was significantly more common among African-Americans, a 340 

bp allele among European-Americans, and 281 bp and 302-334 bp alleles were found 

significantly more frequent among Asian men я Because the 3ß- hydroxysteroid 

dehydrogenase type 2 is one of the two enzymes involved in catabolism of DHT, 

polymorphisms in the HSD3B2 gene may alter DHT degradation and consequently risk of PCa 

93 Unfortunately, functional effects of the different allelotypes have not yet been reported 

There are two distinct 5-alpha reductase enzyme (5-aR) genes in man, each coding a 

biochemically distinct enzyme· the SRD5A1 gene encodes type 1 enzyme (expressed mostly in 

newborn scalp, in skin and in liver) and the SRD5A2 gene encodes type 2 enzyme (primarily 

expressed in genital skin and the prostate) The latter gene was cloned independently by two 

groups and maps to a single band on the short arm of chromosome 2 (2p23) spanning over 

40kb of genomic DNA 94"9S 

Ross et al demonstrated that young Japanese men have lower 5-aR activity than young 

Caucasian-American and African-American men % Similarly, Wu et al reported that the 

DHT-T ratio was highest in African-Americans, intermediate in whites and lowest in Asian-

Americans, corresponding to the respective risk of developing PCa in these groups 97 These 

studies have provided part of the rationale for using finasteride, a 5-aR inhibitor, as a 

chemopreventive agent for PCa98 A 5-aR inhibitor acts selectively inside its target cells, and 

for this reason it does not lower the serum concentration of Τ and causes almost no adverse 

reactions, such as reduction of libido and potency " 

Davis et al. reported a polymorphic three-allele system in the З'-UTR of the SRD5A2 gene. 

100 This polymorphism consists of a variable numbers of TA dinucleotide repeats. The most 

frequent allele found in 87% of men without PCa is (TA)0, i.e. a chromosome lacking ТА 

dinucleotide repeats in the amplified region 101 The remaining two alleles, (TA)9 and (ТА)«, 

are found in the minority of the men 
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Other groups have confirmed the SRD5A2 gene polymorphisms, although the frequency of the 

three alleles differed slightly between the studies l 0 0 · 1 0 2 - 1 0 3 The functional effects of 

polymorphisms in the SRD5A2 gene are not completely understood Because the TA repeat is 

located in the З'-UTR of the SRD5A2 gene, it should not affect the structure or function of the 

resulting protein However, it has been proposed that certain SRD5A2 polymorphisms may 

encode for 5-aR enzyme variants with different activities 102 influence regulation of the 5-aR 

enzyme production 101 probably by altering mRNA stability 104 As a result, these 

polymorphisms might alter DHT levels and consequently risk of PCa 1 0 2 There are currently 

no studies available that have addressed length of the TA repeats in parallel with intraprostatic 

levels of DHT Such evaluations would more directly assess the biological implications of this 

polymorphism 

Reichardt et al. showed that 18% of healthy African-Americans have at least one (TA)i8 

allele, while no such alleles have been identified in any healthy Asian-Americans or whites 102 

This difference in prevalence of the (TA)i8 alleles by ethnicity proved to be statistically 

significant in this study The hypothesis that longer TA alleles are associated with an increased 

risk of PCa could not be confirmed in a predominantly Caucasian population 101 However, the 

at-risk functional allele may be in linkage disequilibrium with different marker alleles in 

different ethnic groups, with short alleles increasing the risk of PCa in Caucasians 101. The 

resultant effect of different alleles in an African-American population still needs to be 

determined 

The molecular rationale for racial/ethnic differences in PCa risk linked to 5-aR metabolism 

has been investigated further by Makridakis et al. 103 This group demonstrated that a missense 

substitution in the SRD5A2 gene, which replaces valine at codon 89 with leucine (V89L), is 

distributed differentially among races This substitution is associated with a reduced 5-aR 

activity in vivo 103 
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Interestingly, African-Americans who are at particular high risk for developing PCa, also have 

the highest frequency for valine 89 allele of the V89L amino acid substitution Asians, the 

lower risk population, exhibit the lowest frequency of the valine variant and the highest 

frequency of the leucine variant Latinos, at intermediate risk of PCa, also have intermediate 

frequencies of the V89L substitution Thus, a gradient of the V89L substitution exists among 

racial/ethnic groups that parallels PCa risk 

Other groups have investigated whether racial/ethnic variations in hormone levels exist 

Ross et al. demonstrated that serum Τ levels were approximately 15% higher in young 

African-American males compared to their white counterparts 105 In a study by Ellis et al, 

however, serum Τ levels are only 3 3% higher in 525 black individuals compared to 3,654 non-

Hispanic whites 1 0 6 Inconsistency in the magnitude of the effect between those two studies 

might be age Ross et al. only studied college-aged men, while in the study of Ellis et al. men 

aged 31 to 50 were enrolled The Ellis study found that the racial/ethnic difference in serum Τ 

levels was age-related 106 In the youngest age group (31 to 34 9 years), black men had a mean 

Τ level that was 6 7% higher than white men, but it declined to 3 7% by age 35 to 39 years and 

to 0 5% by ages 40 to 50 These observations suggest that at the time PCa evolves, Τ levels 

are higher in blacks than in whites Higher levels of sex hormone binding globulin (SHBG) 

have also been associated with a higher risk of PCa 107 Interestingly, American males were 

found to have higher levels of SHBG than did their Japanese counterparts, consistent with the 

risk of PCa among these populations " 

c) Vitamin D and prostate carcinoma 

In addition to androgenic steroids, the secosteroid 1,25 dihydroxyvitamm D3 also plays an 

important role in the growth and function of the normal prostate, as well as in prostate 

carcinogenesis 
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Vitamin D, which is supplied physiologically by ultraviolet irradiation through a precursor in 

the skin or obtained from the diet, undergoes sequential cytochrome P450-dependent 

hydroxylations to form 25(OH)D3 in the liver and l,25(OH)2D3 and 24,25(OH)2D3 in the 

kidney (108) The metabolites 25(OH)D3 (25-100nM) and 24,25(OH)2D3 (2-10nM) are both 

present in the plasma at much higher concentrations than the hormonally active metabolite 

1,25-dihydroxyvitamin (l,25(OH)2D3, lOOpM), but they have limited biological activity with 

respect to calcium homeostasis 108. This is because most of the actions of vitamin D are 

mediated through an intracellular receptor that has much higher affinity for l,25(OH)2D3 than 

for the other metabolites l,25(OH)2D3 is capable of acting through both nongenomic signaling 

pathways involving a membrane-associated receptor and genomic pathways involving the 

nuclear vitamin D receptor (VDR) 1 0 9 Hormone bound to the VDR induces changes in gene 

expression much like the steroid receptors In the absence of hormone, the VDR binds to 

vitamin D response element in the DNA as a heterodimeric complex with retinoid X receptor. 

Recent studies have suggested that ligand binding promotes the dissociation of corepressors 

such as NCoR and binding of coactivators such as steroid receptor coactivator-1 causing 

transactivation n 0 . 

The initial hypothesis that vitamin D may have a protective effect for developing prostate 

carcinoma was raised by Schwartz et al И 1 This group showed that PCa incidence increases 

with age, and the elderly are known to have lower levels of vitamin D There is a high 

incidence of PCa in blacks, also known to have relative low levels of vitamin D U 2 . Also, there 

is an increased incidence of PCa in migrant Asians as they adopt a Western diet; i.e., lacking 

the large amount of vitamin D-rich fish oil ' " . Lastly, US mortality rates from PCa 

demonstrate a negative correlation with ultraviolet radiation exposure ш In addition to these 

epidemiologic observations, several studies have shown that vitamin D metabolites have 

antiproliferative and prodifferentiating effects on PCa cell lines m vitro and m vivo 1 0 9 · 1 1 4 - 1 1 8 
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Moreover, physiological levels of l,25(OH)2D3 significantly reduce the invasive potential of 

DU-145 cells I19 and reveal impressive antimetastatic effects on PCa cells in vivo 120 It should 

be noted, however, that different PCa cell lines may exhibit varying sensitivity to growth 

inhibition by l,25(OH)2D3 "7 If such variability also exists in human PCa, the effectiveness of 

l,25(OH)2D3 and analogues as therapeutic agents may be limited Thus, it is critical to 

understand which factors influence the actions of l,25(OH)2D3 on PCa cell proliferation 

Relative insensitivity to l,25(OH)2D3-mediated growth inhibition in the PCa cell lines PC-3 and 

DU-145 was associated with low functional VDR levels " 7 Transfection of these cell lines 

with a VDR cDNA-expression vector induces growth sensitivity to l,25(OH)2D3 Similarly, 

the cell line JCA-1 fails to express a detectable number of VDRs and is not measurably affected 

by l,25(OH)2D3 in growth studies 109 Transfection with a wild-type VDR cDNA construct in 

JCA-1 cells resulted in expression of high affinity nuclear VDRs and a dose-dependent 

inhibition of growth by l,25(OH)2D3
 109 These studies suggest that low VDR levels are 

responsible for the failure of these cell lines to respond to vitamin D LNCaP cells are highly 

sensitive to growth inhibition by l,25(OH)2D3 and contain approximately 2-3-fold more VDR 

than the relatively l,25(OH)2D3 insensitive PC-3 and DU-145 cell lines However, the PCa cell 

line ALVA-31 display less than 20% growth inhibition to l,25(OH)2D3, yet it contains the 

highest levels of VDRs of these four cell lines "7 Thus, sensitivity of growth inhibition to 

l,25(OH)2D3 does not correlate with VDR content m ALVA-31 and LNCaP cells 

Because VDR is capable of transactivating reporter gene expression in ALVA-31 and 

LNCaP cell lines, differential growth sensitivity to l,25(OH)2D3 is not likely to result from 

VDR or RXR mutations or from differences in l,25(OH)2D3 metabolism "7 From the above-

mentioned studies it was suggested that expression of functional VDR is necessary, but not 

sufficient for maximal growth inhibition by l,25(OH)2D3 (121) 
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Differential expression and/or regulation of the retinoblastoma pathway, the cyclin-dependent 

kinase inhibitor (CDKI) p21 or l,25(OH)2D3 regulation of cyclin-dependent kinase may also 

explain some of the differences in sensitivity to the anti-proliferative effects of l,25(OH)2D3 

among PCa cell lines 121"122 

The finding that l,25(OH)2D3 demonstrates anti-proliferative, prodifferentiation and anti-

metastatic effects could open new avenues to the development and targeting of prophylactic 

interventions However, l,25(OH)2D3 may not be the suitable agent for use as a 

chemopreventive agent because of the risk of hypercalcemia 123 Interestingly, Schwartz et al. 

recently demonstrated that the PCa cell lines DU-145 and PC-3 could synthesize l,25(OH)2D3 

from its precursor 25(OH)D3

 124 Therefore, supplementation of men with 25(OH)D3 could 

promote the local synthesis of l,25(OH)2D3 by prostate cells and thereby inhibit invasiveness of 

PCa cells If the prostate cells synthesize l,25(OH)2D3 m vivo, then systemic levels of 

l,25(OH)2D3 measured in the serum may not reflect levels of l,25(OH)2D3 at the site of the 

target cell Thus, the risk of PCa may be influenced by intraprostatic and systemic levels of 

vitamin D3

 ш This could explain, at least in part, inconsistent results reported from several 

prospective epidemiological studies of PCa that assessed vitamin D metabolite levels in blood 

samples 12S"126 

Like with the androgenic steroids, the vitamin D signaling cascade might be altered by 

genetic changes Although studies on VDR gene mutations in PCa have to date not been 

reported, a series of common polymorphisms in this gene have been identified The alleles of 

human VDR gene can be distinguished by restriction fragment length polymorphisms (RFLPs) 

found for Bsml and Apal (intron 8) and Taql (exon 9) (127) The presence (b, a, t) or absence 

(B, A, 7) of a restriction site defines the specific allele The RFLP's are highly linked in the 

population The Bsml cleavage site (b) is associated in 97% of individuals with the absence of 

a Taql site (7) l 2 g This strong linkage disequilibrium results in two common haplotypes BAt 

and baT A fourth polymorphism, a poly (A) microsatellite, is in the З'-UTR81,128 
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In a study of non-Hispanic whites, the S (short) and L (long) alleles of the poly(A) 

microsatellite were 97% concordant with the Bsml alleles, with В corresponding to S and b 

corresponding to L I29. 

Several groups have evaluated whether VDR gene polymorphisms could alter the risk of 

PCa 8 І · 1 2 9 " 1 3 0 Two recent case-control studies (117 m and 591 controls 131) reported 

significantly higher serum l,25(OH)2D3 levels among individuals who were homozygous for 

the В At haplotype compared to individuals who were heterozygous or homozygous for the 

baT haplotype Therefore, the BAt haplotype may have a protective effect on developing PCa 

Indeed, Taylor et al. estimated that men who were homozygous for the presence of a Taql 

restriction site (genotype tt) have one-third the risk of developing PCa requiring prostatectomy 

compared to men who are heterozygotes or homozygotes for the Τ allele (odds ratio = 0 34, 

95% confidence interval, 0 16-0 76, ρ < 0 01) 1 3 0 Similarly, Ingles el al. reported an odds ratio 

of 0 22 (95% confidence interval, 0 06-0 75) for the risk of PCa among men with the SS 

genotype compared with men with the SL or LL genotypes 8 I Ma et al. could only 

demonstrate a 57% reduction in risk of PCa related to the BB genotype in older men with 

plasma 25(OH)D3 levels below the median m Because elderly are more likely to have 

restricted sunlight exposure, low vitamin D intake, and reduced capacity of the skin to produce 

vitamin D, any genetic influence on vitamin D levels may be stronger among older than 

younger men (131 Similarly, low levels of 25(OH)D3 may result from active conversion of this 

metabolite into l,25(OH)2D3by 1 α-hydroxylase activity If higher l,25(OH)2D3 in the presence 

of lower 25(OH)D3 is beneficial with respect to PCa, this could explain the reduced risk 

observed for the BB genotype among men with lower 25(OH)D3

 131 However, in their entire 

study population of 372 cases and 591 controls no significant associations between VDR gene 

polymorphisms and PCa risk was found 131 Differences in the control selection were probably 

not the reason for the divergent results as the prevalence of the polymorphisms was similar 

among the three above-mentioned studies81'130131 
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No association between VDR polymorphisms with tumor aggressiveness was found, reducing 

the probability of this form of bias by case selection among the different reports 13<M31 Thus, 

studies that did find a difference between VDR polymorphisms and risk of PCa may have 

resulted from selection of men that had lower 25(OH)D3 levels 

A major difficulty in accepting the hypothesis that VDR gene polymorphisms may alter risk 

of PCa is that, unlike the AR polymorphism, none of the BsmI, Apal and Taql polymorphisms 

alter the predicted amino acid sequence of the translated VDR protein The Bsml and Apal 

polymorphisms are located in intron 8 of the VDR gene 132 Only the Taql polymorphism is 

located in the coding region, but leads to a silent codon change in exon 9, with ATT and АТС 

both coding for isoleucine ш Therefore, it has been proposed that expression of these 

receptor alleles or the functional activities of their products are potential discriminating factors 

81'134 Morrison et al found that in minigene reporter constructs, in which the З'-UTR of alleles 

BAt and baTv/ere fused 3' to a luciferase reporter gene, luciferase activity was 30-40% lower 

when the baΤ construct was transfected in COS cells 128 Therefore, this group proposed that Τ 

mRNA was less stable than t mRNA Verbeek et al. kept all influences equal for both VDR 

mRNAs transcribed either from the Γ or г allele by choosing a heterozygous system (7Ϊ) as 

opposed to the comparison of two (TT vs ti) homozygous cell lines " 4 This group 

consistently found approximately 30% less RT-PCR product derived from the t allele than the 

Τ allele in normal lymphocytes, the hematopoietic cell line NB4 and the PCa cell lines PC-3 

and DU-145 128 They could not demonstrate any difference in VDR mRNA stability between 

the two alleles in either the cell lines or the normal lymphocytes These results indicate the 

existence of a variation in transcriptional regulation rather than mRNA stability between the 

alleles Therefore, it has been suggested that unknown gene(s) in linkage with the 

polymorphisms might be responsible for the relationship between risk of PCa and VDR gene 

polymorphisms, and these factors merit further study 
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Baker et al. have cloned a second group of polymorphisms in the VDR gene ш . The VDR 

gene has two ATG translational initiation sites that are separated by three codons. A 

polymorphism located in the first ATG presumably determines the site of translation initiation 

135. Consequently, the variants in this polymorphic site would differ in length by three amino 

acids. Two studies have shown that the elongated VDR allele is associated with an increased 

risk of osteoporosis 136"137. However, it has not yet been proven whether this start codon 

polymorphism results in a change in VDR function. It will be of interest to determine whether 

this VDR polymorphism, which has no know relationship to the poly(A)-linked 

polymorphisms, is also associated with altered risk for Pea. 

As for the AR gene, polymorphisms of the VDR gene have also been evaluated for their 

potential role in racial/ethnic differences in risk of PCa. In Caucasians, the at-risk allelic variant 

is associated with the &4Г-ро1у(А)і haplotype. In a study restricted to African-American 

individuals, however, the poly(A)Z, allele genotype was not associated with risk of PCa l 3 8. 

Moreover, Bsml b alleles were associated with a 2-fold decrease in risk of advanced PCa in 

African-American men, in contrast to a 4-fold increase risk of PCa in a Caucasian population 

81,13e. Although these results might seem inconsistent, the at-risk functional allele may be in 

linkage disequilibrium with different marker alleles in different ethnic groups, for example, 

Bsml b in Caucasians and В in African-Americans ш . 

d) Oncogenes 

To date, over 100 cellular oncogenes have been identified. Only oncogenes that have been 

studied more extensively for their possible role in the development of PCa will be discussed. 

ras oncogene- Ras oncogenes are activated by point mutations in the proto-oncogene. 

Mutations most commonly occur at codons 12, 13 or 61, thereby altering the ability of the ras 

protein to affect signal transduction, leading to unregulated cellular growth 139. 
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The low frequency of ras mutations in PCa samples obtained from Western study populations 

(4/146; 2.7%) indicates that this oncogene is apparently not commonly involved in PCa 

initiation or progression 14014*. However, when PCa samples from Japanese cases are 

considered only, mutations in the ras gene occur in as many as 18% of the cases evaluated 

(25/138) 14(M46. This difference in ras mutation rate may reflect a different etiology causing 

PCa or affecting its progression between the two populations. 

myc oncogene- c-myc is a cellular proto-oncogene that encodes a nuclear phosphoprotein. 

Potential functions of c-myc include the promotion of DNA replication, regulation of the 

G0/G1 cell-cycle transition and control of cellular differentiation 147. Few studies have 

examined the frequency of myc alterations in PCa 148'153. Using Northern blot analysis, these 

studies have shown a significantly higher level of c-myc RNA transcripts in PCa specimens of 

varying grades compared to samples of BPH 1 4 , · 1 5 ( Μ 5 3 However, the Northern blot technique 

makes it impossible to establish which cell type gives rise to higher mRNA levels. Interestingly, 

such a correlation is possible with in situ hybridization, and the two studies that have 

performed such an analysis did not confirm a relationship between c-myc and PCa 1 4 9 , 1 M. Thus, 

the role of c-myc in PCa needs to be extended by additional studies in which it is also possible 

to evaluate the origin of increased levels of c-myc mRNA and to determine whether the c-myc 

protein is simultaneously elevated. 

erbB2 oncogene- Localized on chromosome 17p21, the HER-2/neu oncogene encodes a 185 

KDa transmembrane tyrosine kinase growth factor receptor with substantial homology to the 

epidermal growth factor receptor '54. More than 100 previous reports have studied the HER-

2/neu gene and its protein product in a variety of malignant tumors, indicating the significance 

of this gene in carcinogenesis,54. 
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Given the significant recent interest in the use of аті-р185лем antibodies for the treatment of 

advanced stage refractory ovarian and breast carcinoma, the documentation of a subset of PCa 

patients with HER-2/neu overexpression that have a significant risk for disease progression 

might be of potential therapeutic interest ' " . Some studies have revealed a higher protein 

expression or gene amplification in patients with clinically detected PCa compared to 

nonmalignant specimens 156_160

) whereas others did not find such a correlation 161 or even found 

overexpression of the oncoprotein in BPH lesions 160. Similarly, a consensus as to the 

predictive value of HER-2/neu gene amplification and pl85ne« protein expression in PCa 

patients has not been reached 1SS-164. Possible explanations for the disparity in the direction and 

magnitude of these results include a variety of technical factors. For example, the use of 

various antibodies with differing sensitivities and specificities may produce either cytoplasmic 

or membranous staining, be ineffective when certain fixatives are used, or be impacted by the 

temperature of the immunohistochemical reaction 1 5 6 · 1 6 5 - 1 6 4 τ η addition, fixation and processing 

protocols significantly affect the reactivity of the antigenic determants detected by HER-2/neu 

antibodies, such as MAB-1 and pAB-60 1 5 6·1 6 5·1 6 7. Antigen retrieval techniques featuring either 

enzymatic digestion or microwave irradiation contribute additional variables that may affect 

staining levels 1S6. Finally, interobserver variability of staining interpretation has also been 

reported 168. It has recently been demonstrated that fluorescence in situ hybridization (FISH) is 

more sensitive than immunohistochemistry for detection of abnormalities in the HER-2/neu 

gene, and future studies should be undertaken to determine whether a FISH-based HER-2/neu 

detection method may prove of importance in the prediction of prognosis in PCa patients 169. 

e) Tumor suppressor genes 

Malignant progression not only involves the enhancement of oncogene-derived transforming 

functions, but also requires the loss of regulatory functions of tumor suppressor genes (TSG). 
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Mutations of TSG generally are considered recessive, and both copies of these genes must be 

inactivated before the cell is at risk for transformation The first mutation of the gene is a 

somatic event or is inherited in the germline from one of the parents The second hit is likely to 

inactivate the normal copy or allele of the gene that functioned as a 'repressor' of the mutant 

allele 

Loss of heterozygosity studies- Sites of consistent chromosomal deletion resulting from loss of 

heterozygosity (LOH) studies may uncover the location of TSG Several groups have 

investigated the frequency of LOH at different chromosomal regions, and their results are 

summarized in Figure 6 1 7 < M " Interestingly, chromosome 8p shows frequent LOH in a variety 

of other common human tumors including colorectal and lung cancer Whether the same gene 

is a target of these LOH events in prostate, colon and lung cancer is unclear, but it is 

interesting to speculate that a gene that is inactivated in a large fraction of human cancers may 

reside in this region of the genome 
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Figure 6- The average reported rate of loss of heterozygosity on several chromosomal arms in localized 
and advanced prostate carcinoma (/ e , after failure of androgen ablation therapy or metastatic disease) 
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Retinoblastoma gene- This TSG, located on the short arm of chromosome 13, encodes a 110 

lcDa protein which functions in regulating the cell cycle progression 2<w In addition to being 

present in all cases of retinoblastoma 201, mutations of the Rb gene have been identified in 

various human neoplasms. 

Studying Rb expression in three human PCa cell lines, Bookstein el al. found that one of 

these (DU-145) contained an abnormally small protein translated from a Rb mRNA transcript 

that lacked 105 nucleotides encoded by exon 21 202 To assess the functional consequences of 

this mutation, normal Rb expression was restored in DU-145 cells by retrovirus-mediated 

transfer of a cloned normal Rb cDNA Transfected cells expressing normal Rb lost their 

tumorigenic ability in nude mice 203 The same group also analyzed seven human PCa 

specimens for Rb alterations One sample revealed absence of Rb protein in a tumor that was 

believed to result from a deletion of 103 nucleotides in the promotor region in combination 

with loss of the second Rb allele 202 The finding of a short-sized mRNA transcript in DU-145 

PCa cells has been confirmed by two studies 204"205 To date, human PCa samples have not 

revealed Rb promotor alterations or short-sized mRNA transcripts204"205 

Molecular-based studies of Rb alterations in PCa have been limited Performing single 

stranded conformation polymorphism analysis of RNA, Kubota et al. revealed that four (16%) 

of 25 human primary PCa samples had Rb alterations 206 Several other groups have evaluated 

genetic alterations in the region of the Rb gene using polymorphic markers, reported LOH 

rates in primary PCa varied in between 27% and 60% 19M93'207 Interestingly, LOH at Rb have 

also been found in BPH samples 191,208 It is unclear from those latter results whether Rb 

alterations also have a role in the genesis or progression of BPH 

Absence of Rb protein (pRb) by immunohistochemistry has been reported to vary between 

17 and 78% ^ 1 1 9 3 - 2 0 5 · 2 0 9 Several difficulties remain regarding the value of pRb alterations in 

PCa, such as the lack of complete correlation between LOH at Rb and absent pRb expression 

34 



For example, one study demonstrated that three PCa samples without LOH at Rb, using an 

intragenic microsatellite marker, did not express pRb I93. Discordances between LOH at Rb 

and pRb expression might be due to the large size of the Rb gene (27 exons spread over 200kb 

of genomic DNA) which poses problems for the detection of small deletions It is also difficult 

to determine in some case whether the low rate of loss of pRb staining in tumors with LOH on 

13q is caused by the presence of stable mutant pRb or the involvement of a second TSG 

closely linked to Rb. In addition, the evaluation of pRb expression may be confounded by 

fixation artifacts and by variables in the immunohistochemical reaction, such as sensitivity and 

specificity of the antibody and interpretation of the staining results 192"193. Whether the 

reduction of pRb staining has any significance as to the prediction of the malignant potential of 

a given carcinoma lesion is a topic which requires further study in a well-characterized 

population of PCa patients. 

pS3 gene- Located at 17pl3 1, the p53 gene encodes a 53 kDa phosphoprotein that negatively 

regulates cell growth 21° When DNA damage has occurred, the p53 gene will either induce 

growth arrest via activation of a downstream inhibitor pathway or commit the cell to a 

programmed death pathway depending on the extent of damage. Inactivation of this gene 

contributes to the genesis and progression of numerous human cancers, including these of the 

breast, colon and lung 2". Several methods can be used to screen for p53 alterations, such as 

single stranded conformation polymorphism of exons 5 to 8 (where the majority of mutations 

within the p53 gene are known to occur) and immunohistochemistry. The latter method 

exploits the increase in biological half-life of many mutations of the p53 protein (TP53) 2n. 

Such an increase in half-life results in the intranuclear accumulation of detectable quantities of 

the TP53 by a number of commercially available antibodies. While TP53 accumulations as 

determined by immunohistochemical detectable intranuclear staining and p53 gene mutations 

are not synonymous terms, most studies support a close relationship between them 213"214 
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The frequency of p53 mutations in primary PCa ranges from 1% to 42% 48·143·196·213-222 L Q H 

studies have shown that deletions in the region of the p53 gene occur in approximately 16% of 

primary, non-metastatic, PCas (range 0-50%) 2".ΐ69.ΐ7ΐ,ΐ7β.ιη.ΐ86,ΐ96 A c c u m u l a t l o n o f ^ 5 3 b y 

immunohistochemistry has been demonstrated in between 2% and 22% of the primary PCa 

samples Ι43·196·213-214.22ο,Η3-226 Ш Q n ] y e x c e p t i o n i s a s t u d y b y veldhuizen et al. where TP53 

accumulation was detected in as many as 79% of the cases 2 2 7 This study did not differ from 

other reports in the grade and stage composition of the specimens analyzed Unfortunately, 

mutation analysis to confirm these results was not performed This might be important to know 

since the predominant cytoplasmic pattern of TP53 staining identified in this latter study is not 

necessarily associated with p53 gene mutations For example, immunohistochemistry may 

detect a wild-type TP53 protein that has been stabilized as a result of DNA damage induced by 

exogenous factors27 

The disparity in the above-mentioned data with respect to the rate of p53 alterations may 

result from various factors Interpretation of TP53 staining is prone to interobserver variability 

Therefore, quantitative measurements are important to more objectively relate the number of 

nuclei with protein accumulation to variables such as grade, stage and follow-up data of the 

patient Another factor is that commercially available antibodies may differ in sensitivities and 

specificities Similarly, variation in p53 gene mutation rates may result from using different 

techniques, such as temperature- or denaturating gradient gel electrophoresis or single 

stranded conformation polymorphisms In addition to these technical factors, variations in 

reported incidence of p53 alterations also result from heterogeneity in the topographical 

distribution of the alterations222·226 This implicates that the outcome of incidence of any p53 

alteration would depend not only on which tumors but also which regions of the tumors are 

being analyzed 

A consistent observation from the vast majority of the studies is that the predictive value of 

p53 depends on its association with high-grade and advanced stage PCa 27-214·217·224-225·228 
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Consequently, it is anticipated that p53 is not useful as a prognostic marker in most patients 

with PCa 196,229 However, it is important to address that alterations in the p53 gene may play a 

role in the development of radiation resistance ^0"233. 

Several regulatory genes influencing the cellular commitment to apoptosis have been 

identified in various tumors, including bcl-2, p53, c-myc and ras. It has been speculated that 

defects in such regulatory genes may limit the ability of the cell to induce programmed cell 

death, resulting in resistance to agents that exert cytotoxicity via induction of apoptosis ^0. A 

number of studies have shown that the lethal effects of ionizing radiation are attenuated in 

certain cells harboring mutations in the p53 gene ^1"233. Although not all studies are supportive 

M4, genetic alteration of the p53 gene may thus be used as a pretreatment marker to predict 

local treatment failure with ionizing radiation ^ 0 · 2 3 3 . Similarly, p53 gene mutations have been 

shown to adversely predict overall survival for patients treated with androgen ablation therapy 

in locally advanced cancer of the prostate after radiotherapy H6. This suggests that induction of 

apoptosis following androgen ablation may also be blocked in patients whose tumors have p53 

gene mutations. 

f) Metastasis suppressor genes 

Acquisition of metastatic ability is the ultimate biological hallmark for the aggressiveness of 

PCa However, the metastatic phenotype can be independent from the tumorigenic phenotype. 

Thus, in addition to the molecular and cellular changes associated with PCa evolution, genetic 

alterations are of similar importance for metastasis to occur. Genetic control of metastasis may 

be exerted by the increased expression of specific genes involved in transformation to the 

metastatic phenotype. On the other hand, deactivation of specific metastasis suppressor genes 

(MSG) may promote the evolution of metastasis in a manner analogous to the action of tumor 

suppressor genes on tumor initiation. At present, there is evidence suggesting several MSGs 

may play a role in PCa, of which E-cadhenn, KAI J and CD44 and/TEN will be reviewed. 
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E-cadherìn- The frequent finding of LOH at chromosome 16q in PCa (Figure 6) led to an 

examination of putative candidate genes in this region Although 16q reveals three commonly 

deleted regions 195, the E-cadherm gene located on 16q22 1 is of particular interest E-

cadherin is involved in developmental morphogenesis and maintenance of the epithelial 

phenotype by mediating epithelial cell-cell recognition and adhesion processes И 7 The role of 

this Ca2+-dependent cellular adhesion molecule in maintaining various aspects of epithelial cell 

differentiation has led a number of investigators to examine E-cadherin expression in 

carcinomas The functional importance of E-cadherin in preserving epithelial tissue integrity 

was demonstrated by using antibodies against E-cadherin, leading to dissociation of epithelial 

cell layers in cell culture and to an increased invasive potential of cells ^ 8 Increased invasive 

behavior can also be induced by introducing E-cadherin antisense transcripts into cells 2 3 9 

Conversely, transfection of E-cadherin into E-cadherin-negative cell lines can result in 

reversion to a noninvasive phenotype ^9"241 These data have provided the rationale to further 

investigate the role of E-cadherm in the development and progression of PCa Relevant 

approaches include immunohistochemistry, mutation analysis and LOH studies on tumor 

samples Unfortunately, E-cadherin immunohistochemistry on archival tissue is often unreliable 

due to a combination of formalin fixation and autolytic artifacts 2 4 2 Therefore, the studies that 

have evaluated E-cadherin immunoreactivity on paraffin material should be interpreted with 

care A recently described alternative approach for fixing prostatectomy specimens combines 

injection of formalin into the prostate at multiple sites and microwave-stimulated heating of the 

specimen to 50°C 2 4 2 With the use of this modified fixation technique, immunohistochemical 

stains on paraffin tissue equals those on frozen sections Moreover, much longer fragments of 

DNA can be extracted from the tissue blocks which expands the possibilities for molecular 

analysis242 
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Retrospective studies using frozen PCa samples have revealed a strong correlation between 

decreased E-cadhenn staining and increased histologic grade 7AMAi

t advanced clinical stage 24Э 

245, and the presence of metastasis at diagnosis 2 4 5 ^* Of clinical importance is the finding that 

aberrant E-cadhenn expression proved to be a powerful predictor of adverse prognosis 2 4 4 2 4 6 

The finding of two PCa metastases with normal E-cadhenn expression 2 4 3 does not necessanly 

contradict the role of E-cadhenn as a MSG because it is possible that E-cadhenn is only 

transiently downregulated247 2 4 8 

It is important to clanfy the mechanisms by which E-cadhenn function is regulated 

Interfenng with biochemical pathways governing epithelial differentiation and maintenance of 

epithelial mtegnty might provide new therapeutic approaches So far, E-cadhenn mutations in 

PCa samples have been reported in two studies 195,249 Schalken et al reported one (4%) 

mutation in 28 human prostate and bladder carcinoma samples that would lead to a change in 

the E-cadhenn polypeptide sequence249 Suzuki et al found an equal frequency oí E-cadhenn 

gene mutations m 48 pnmary PCa samples that were all found to be silent mutations by 

sequencing 195 

Considenng the infrequent mutational inactivation, defective E-cadhenn function is more 

likely to result from posttransciptional alteration or due to loss of or reduced contact with the 

cytoskeleton Interactions between the cytoskeleton and adhesion molecules have been shown 

to be essential for a vanety of cellular functions, including cell-cell and cell-matnx interactions 

and cell motility Normally, the highly conserved cytoplasmic domain of E-cadhenn associates 

with three independent proteins, called α, β, and γ-catenin 2 5 0 Significant changes in the 

cadhenn-catenm complex have been shown to disturb the junctional complex, thereby affecting 

the greater motility of invasive cells For example, the PCa cell line PC-3 is characterized by 

the presence of E-cadhenn, but the complete lack of α-catenin both at the RNA and protein 

level due to a homozygous deletion in the α-catemn gene2Î1 
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Transfection of these cells with an α-catenin expressing vector has been shown to induce the 

reversion to a typical epithelial morphology in PC-3 cells 252 The α-catenin gene is mapped to 

chromosome 5q22 2 H LOH in this region occurs in approximately 20% of the PCa specimens 

(Figure 6) Three studies have performed an immunohistochemical evaluation of a-catemn in 

PCa specimens , showing that in a small number of specimens immunohistochemistry 

predicted invasiveness more accurately than E-cadherin expression 244,254 To date, β- and y-

catenm immunohistochemistry have not been studied in PCa Only one study has evaluated the 

rate of alterations in the ß-catenin (CTNNB1) gene in 104 clinically localized PCa samples, 

finding only five mutations 255 The recent observation that adenomatous polyposis coli gene 

products interact with ß-catenin suggests a potential novel mechanism through which a TSG 

may alter regulation of cell-cell adhesion256 

A third mechanism resulting in defective E-cadherm function is DNA methylation 2 " Graff 

et al. showed that the 5'- CpG islands of the E-cadherm gene are densely methylated in E-

cadherin negative breast and PCa cell lines, but is unmethylated in normal breast tissue 257 

Moreover, treatment with a demethylating agent partially restores E-cadherm RNA and 

protein levels in these E-cadherin negative breast and PCa cell lines257 

KAU and CD44- The KAI J gene, located on human chromosome 1 lpl 1 2, has been shown to 

suppress the process of tumor metastasis when introduced into the highly metastatic Dunning 

R-3327 rat PCa subline AT6 1 258 In addition, expression of this gene is reduced in human cell 

lines derived from metastatic PCa specimens 2 " An additional MSG located near КАП is 

CD44 2 5 9 The CD44 gene (ПрІЗ) encodes an integral membrane glycoprotein that was 

initially discovered to be a lymphocyte homing molecule 260 Subsequently studies 

demonstrated that numerous normal and tumor tissues express CD44 as well261 and that CD44 

participates in specific cell-cell and cell-extracellular matrix interactions259 
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Transfection-induced enhanced expression of the standard form of CD44(s) in the highly 

metastatic AT3 1 rat prostatic cells greatly suppressed their metastatic ability without 

suppression of their in vivo growth rate or tumorigenicity 2 5 9. In addition, downregulation of 

CD44 expression at both the mRNA and protein level correlates with metastatic potential in 

the Dunning system of rat PCa sublines259 

The number of studies that have evaluated KAU or CD44 in PCa samples is limited In a 

retrospective study by Dong et al. КАП alterations were analyzed in 98 primary and 32 

metastatic PCa samples262 KAI1 protein expression was downregulated in more than 70% of 

the 49 primary PCa specimens from untreated patients In 10 such untreated patients, 

downregulation of KAI 1 protein occurred in all of the lymph node metastases examined 

In 15 patients with metastatic disease who had failed androgen ablation therapy, more than 

90% of the primary PCa had downregulation or even completely negative KAI1 protein 

expression 2 6 2 This downregulation did not involve a genetic alteration (mutation or LOH) in 

any of the specimens analyzed262 

Despite the important results of m vitro studies, there are currently no reports that have 

evaluated the role of CD44 gene alterations in human PCa samples Immunohistochemical 

studies have demonstrated that downregulation of the standard form of CD44 is associated 

with high tumor grade 255-J63-264

) aneuploidy264 and the presence of metastasis263"264 

PTEN- located on chromosome 10q23, PTEN appears to behave as a MSG M 5 The predicted 

PTEN protein product has a tyrosine phosphatase domain as well as extensive homology to 

tensin, a protein that interacts with actin filaments at focal adhesions 2 6 6 This homology 

suggests that PTEN may suppress tumor cell growth by antagonizing protein tyrosine kinases 

and may regulate tumor cell invasion and metastasis through interactions at focal adhesions ^* 
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Genetic changes of PTEN occur in multiple types of cancer, suggesting that inactivation of this 

gene may play an important, perhaps somewhat general role in the pathogenesis of a variety of 

human malignancies 2S7. To date, only few groups have evaluated genetic alterations οι PTEN 

in PCa. Inactivating of the PTEN gene by homozygous deletions occurs in approximately 13% 

of primary clinically localized PCa 268. Tissues from similar stages of disease revealed LOH 

over the region spanning the PTEN locus in as many as 48 (37%) of 131 samples analyzed 2S9~ 

270. Of 25 samples from localized PCa with LOH, Feilotter et al. found that only one carried a 

missense mutation in PTEN 270. In metastatic PCa, Suzuki et al. observed gene alterations 

(deletions or point mutations) in at least 1 metastatic site in 12 (63%) of the 19 patients 

analyzed. In addition, LOH at 10q23 was found in as many as 10 (56%) of 18 informative 

cases, indicating that genetic alterations of the PTEN gene frequently occur in lethal prostate 

cancer ^ 7 . The future development of antibodies for immunohistochemical analysis will 

facilitate the evaluation whether PTEN m&y be a marker of high metastatic ability of PCa. 

g) Telomerase activity 

Telomeres, the repetitive non-coding DNA sequences found at the ends of all eukaryotic 

chromosomes, shorten with each cell division. In vertebrates, telomeres consist of multiple 

tandem repeats of the sequence TTAGGG 271. Normal cells lose approximately 50-100 

basepairs of the telomeric DNA with each round of replication 2 7 2. Loss of telomeric DNA 

occurs because DNA polymerase starts at a RNA primer that is subsequently removed 2 7 3. The 

non-coding telomere sequences thereby serve to prevent loss of genetic coding regions 273. It 

has been proposed that telomere shortening may be the counting element of a mitotic clock 

that keeps track of cell divisions; with shortening to a critical length acting as a senescence 

signal underlying cellular aging. In this way, telomeres function to protect genomic DNA from 

recombination effects 2 7 4. Telomerase is a reverse-transcriptase containing an RNA template 

that is complementary to the telomeric repeat275. 
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Using this RNA template, telomerase adds telomeric sequences to the ends of newly replicated 

DNA, consequently compensating for the loss of sequences that have occurred during cell 

replication 273. The enzyme telomerase thus allows unlimited cell division, and has therefore 

been associated with cellular immortalization. The latter phenomenon is one of the major 

events in the progression from normal cells to cancer. 

In human specimens, telomerase activity has been not been demonstrated in normal 

prostatic tissue 2 7 1·2 7 3·2 7 6"2 7 7 However, when all of the results obtained in clinical specimens of 

PCa are taken together, the incidence of telomerase activity appears to be relatively common; 

172 (89%) of 194 tumors harbor activated telomerases, suggesting that this pathway may play 

an important role in prostate carcinogenesis 2 7 1 · 2 7 3 · 2 7 6 2 8 0 One of these studies also found high 

levels of telomerase activity more frequently in poorly differentiated PCa samples 277. Recent 

studies have demonstrated that noncancerous tissue samples that are located adjacent to PCa 

may also exhibit telomerase activity. For example, five (12%) of 42 histologically normal 

prostatic tissue samples 2 7 3·2 7·> \η (28%) of 61 benign prostatic hyperplasia samples 273·2™78 

and as many as 14 (74%) of 19 prostatic intraepithelial neoplasia samples 2 7 8 revealed 

telomerase activity. None of the 26 tissue samples obtained from noncancerous prostate 

showed telomerase activity 2 7 3 · 2 7 7 2 7 8 These observations have several implications. 

Considering the high prevalence of telomerase activity in PCa and in nonmalignant tissue 

directly adjacent to PCa, telomerase activity in these adjacent lesions might represent 

undiscovered or unsampled PCa. Because pathological characterization evaluates the top 

surface of a tissue block only, assessment of telomerase activity could provide a more sensitive 

means than conventional histology for the detection of cancer cells in a subset of the benign-

appearing tissues 
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Also, the finding of telomerase activity in benign prostatic hyperplasia lesions adjacent to PCa 

might implicate that these lesions have submicroscopical cancerous changes The presence of 

telomerase in a high proportion of the prostatic intraepithelial neoplasia lesions supports the 

hypothesis that this lesion is a precursor of PCa and harbors early molecular alterations leading 

to malignancy. 
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III. Etiology of Familial Clustering of Prostate Carcinoma 

Following the initial reports of the existence of a familial/hereditary form of PCa, several 

studies have tried to identify potential etiologic factors contributing to increased risk of PCa in 

those families. A limited number of studies have investigated whether hormonal levels tend to 

be familial or inherited 18'107. However, it is difficult to interpretate the results of these studies 

as genetic and environmental factors may both affect hormone levels. In addition, the relevance 

of the results reported is also in some doubt as the potential role of some of the hormones 

examined in PCa is not evident 18'107. Genes that are believed to play a potential role in the 

prostate hormone signaling cascade include those encoding the androgen receptor, the vitamin 

D receptor and the 5-alpha reductase enzyme type 2. Polymorphisms in these genes may 

influence receptor/enzyme activity and consequently alter the risk of PCa. Unfortunately, the 

contribution of such allelic variants to familial clustering of PCa has currently not been 

reported. 

Until recently, efforts to identify genes involved in familial clustering of PCa have focused 

primarily on TSGs, of which only BRCA1 was found to be of potential interest. Inherited 

mutations in this highly penetrant dominant gene have been shown to predispose women to 

breast and ovarian cancer281. Interestingly, in a study of seven Icelandic breast cancer families, 

two of which showed evidence of linkage to BRCA1, PCa was found to be the second most 

frequent malignancy after breast cancer 282. Among presumed paternal carriers of mutant 

BRCA1 gene alleles, 44% had a history of PCa 282. Ford et al. examined 33 BRCAl-Yxrìaté 

families and estimated a relative risk of PCa of 3.33 (95% confidence interval: 1.8-6.2) among 

men carrying BRCA1 mutations compared with the general population 283. In order to more 

directly assess the potential role otBRCAJ mutations in the etiology of PCa, Langston et al. 

screened for germ-line BRCA1 mutations in 49 men from families with clustering of either 

breast or prostate cancer and 145 controls284. 
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One germ-line BRCA1 mutation as well as five rare sequence variants were identified in PCa 

samples The fact that none of the sequence variants was identified in the population-based 

control group suggests that one or more of these variants may ultimately be shown to 

represent alleles predisposing to PCa Based on the above mentioned data, it seems likely that 

BRCA1 gene mutations may affect PCa risk, but the contribution of germ-line BRCA1 

mutations to the overall incidence of PCa appears to be small, and may be limited to specific 

subgroups of patients284 

Other groups have tried to identify specific PCa-susceptibility genes by linkage analysis The 

high lifetime incidence of PCa in males, along with an estimated 91% of the cases being 

sporadic in etiology285 results in a significant problem with phenocopies in familial clusters of 

PCa, individuals whose PCas results from very different causes 2 8 6 The late age of onset (less 

than 0 1% of PCa cases are diagnosed under the age of 40) leads to general lack of available 

samples from an affected individual's ancestors 2 8 6 These obstacles are complicated by the 

absence of known clinical features (other than age of onset) that might allow subgrouping of 

PCa families to reflect potential genetic heterogeneity22 Also, it is difficult to find families that 

contain large numbers of affected members 2 8 6 Despite the difficulties encountered with 

identifying PCa susceptibility loci, several groups have evaluated informative families for 

genetic alterations that increase the risk of PCa Recently, these efforts have resulted in the 

identification of a potential susceptibility locus for PCa, 'hereditary prostate cancer-Γ (HPC1) 

2 8 6 In this study, two point analysis of 66 North-American families found suggestive linkage 

with Dls218 (LOD score 275), a microsatellite marker located on the long arm of 

chromosome 1 (Iq24-q25) Analysis of 25 additional Swedish families narrowed the region of 

linkage to an interval of ~15 cM defined by markers Dls2883 and Dls422 An admixture test 

for homogeneity estimated that 34% of the families analyzed were linked to this interval 2 8 6 

Gronberg et al. subsequently demonstrated that the age at time of diagnosis significantly 

contributed to the results of linkage analysis287 
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In this study, the proportion of families linked to HPC1 was 66% for the 14 families with the 

earliest average ages at diagnoses, but decreased to 7% for the families with the latest age at 

diagnosis. These findings have provided additional evidence of a locus on chromosome lq24-

q25 that predisposes men to develop early-onset PCa. In addition, an independent study by 

Eeles et al. showed that the proportion of families linked to Iq24-q25 was 0% for those with 3 

or fewer PCa cases, but was 20% for those with 4 or more PCa cases 288. Thus, HPC1 was 

shown to contribute more significantly to larger PCa clusters, and the majority of small clusters 

of three or fewer PCa cases were likely to be due to other gene(s), to chance, or to 

environmental factors. 

Given both the complex nature of this disease and the significance of identifying a hereditary 

PCa susceptibility locus, several other groups have attempted to verify these initial results. The 

data of Smith et al. were confirmed by related studies based on different data sets289"290 and by 

two unrelated studies 288 ·291 . However, another two studies were not able to find evidence for 

linkage of PCa to Iq24-q25 292"293. Conflicting evidence regarding linkage to a chromosomal 

region is not unexpected in a common disease such as PCa, and may be explained by several 

reasons. It may represent a false-positive or false-negative linkage result or sample différences 

in the presence of locus heterogeneity 292 In the presence of locus heterogeneity, it might be 

difficult to replicate a linkage that is correct but that represents an infrequent locus292. Despite 

obvious similarities between the studies regarding average age at diagnosis and average 

number of living affected men genotyped per family 286,292
j some differences can be shown to 

exist. The data set of Smith et al., for example, contained two African-American families that 

contributed approximately one-half of the LOD score for the North-American pedigree studies 

286. This group therefore suggested including additional African-American families to further 

explore the hypothesis that alterations in the Iq24-q25 region may increase risk of PCa in 

specific racial/ethnic populations. Another study did not include African-American families 

because of higher PCa incidence and mortality rates in this group Μ2. 
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In conclusion, it is anticipated that identification of PCa susceptibility genes will provide 

critical information regarding the genetic mechanisms not only for hereditary PCa but also for 

the more common sporadic disease. Such studies will greatly benefit from locating families 

with large clusters of cases with early-age onset of PCa. To date, the genes that might be 

associated with altered risk of PCa include the BRCA1 gene and the more recently identified 

HPCI region of LOH at Iq24-q25. Because identification and evaluation of potential PCa 

susceptibility loci receives world-wide attention, it is likely that more definitive conclusions 

regarding the role of HPCI in prostate carcinogenesis or other, yet to be discovered 

susceptibility loci, will be provided in the near future. 
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IV. Human Papillomavirus and Prostate Carcinoma 

The mechanisms by which viruses may induce tumorigenesis include failure of the host immune 

response to viral infection or interactions between viral and host DNA resulting in genomic 

instability and accumulation of genetic alterations, which may then increase viral gene 

expression294. Interaction of viral proteins with specific cellular proteins may also relate to the 

above mentioned events. For example, the E7 protein of human papillomavirus (HPV) types 16 

and 18 binds the protein of the retinoblastoma gene thereby blocking its normal function ^5. 

Similarly, the HPV protein ubiquitin-ligase E6 is able to induce a rapid degradation of TP53 

resulting in an inadequately response to DNA damage294,296. 

Using Southern blot analysis and PCR, McNicol et al. revealed that 14 (52%) of 27 PCa 

specimens were either HPV-16 or HPV-18 positive M7. Ibrahim et al. found HPV-16 in six 

(15%) of 40 PCa samples using PCR ^8. In this study, the presence of HPV was confirmed by 

m situ hybridization in one specimen only. Anwar et al. showed that 28 (41%) of 68 PCa 

specimens contained HPV DNA of types 16, 18 or 33 14S and Rotola et al. found HPV types 6, 

11 or 16 in six (75%) of 8 PCa samples 2". Three studies have found HPV DNA in a 

considerable number of benign prostatic hyperplasia samples (48 of 95; 51%)145·297·299, Similar 

rates of HPV positivity in benign and cancerous specimens may be due to a stimulatory effect 

on viral growth rates related to the higher rate of cell proliferation present in both of these 

conditions 30° In addition, high proliferation rates in benign prostatic hyperplasia lesions may 

result from contamination with HPV colonized prostatic urethral or anogenital mucosa ^8. 

Detection of HPV could also be technique-specific, in that a variation in the annealing 

temperatures for the PCR used to detect the virus genomes could lead to spuriously positive 

results301302 in view of the above mentioned consideration, it is not surprising that the initial 

high prevalence of HPV in PCa (overall 54/143 PCa samples; 38%) contrasts with more recent 

negative results, some of which have taken precautions to avoid contamination. 
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In the eight studies reported after 1992, 330 PCa samples were analyzed, 58 (18%) of which 

contained HPV DNA1«·228·301.303-307 Moreover, Dodd et al looked at transcription of HPV-16 

E6/E7 protein in PCa samples from their previous study 797 which were known to be HPV 

positive by PCR analysis 3oe. Evidence of transcription was only found in three of seven PCa 

samples and in five of 10 BPH samples 30*. Another observation that contradicts a relation 

between HPV and PCa is that HPV infection has been mostly associated with squamous 

carcinoma, whereas PCa is predominantly an adenocarcinoma. To date, two prostatic 

squamous cell carcinomas have been evaluated which did not reveal HPV DNA by polymerase 

chain reaction 2S. Thus, despite the potential mechanisms of HPV-associated carcinogenesis, 

there seems to be no preferential association of oncogenic HPV types to malignant 

transformation of prostatic cells. 
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V. Morphological Diversity of Prostate Carcinoma 

Morphologically, PCa is particularly intriguing regarding its propensity to display multiple 

tumors in the same prostate and the various histologic growth patterns in a given carcinoma. 

For example, Ruijter et al. found in a total of 61 prostatectomy specimens resected for 

clinically localized PCa 155 anatomically distinct foci of carcinoma (mean, 2.5 lesions per 

patient)309. Only 17 prostate specimens (28%) contained a single tumor and as many as 42% 

of the prostates harbored three carcinoma lesions or more. These multiple PCa lesions 

represent either completely independent, genetically unrelated events or a 'field effect' whereby 

a carcinogenic insult results in the independent transformation of a field of adjacent epithelial 

cells 31°. Also, one malignant transforming event may have occurred and the progeny of a 

single cancer cell spread through the prostate, giving rise to topographically distinct but 

genetically related tumors. An alternative explanation is that a germ-line genetic alteration 

occurred that predisposes a given patient to the evolution of multiple cancer lesions in the 

same prostate. To date, there is no agreement as to which of these mechanisms are operative in 

human PCa. 

In addition to multifocality, PCa lesions often display various histologic patterns of tumor 

growth 3 0 9 ·3 1 1 Prostatic adenocarcinomas are graded according to the Gleason system, which 

considers the degree of glandular differentiation and growth pattern in relation to the prostatic 

stroma 3U. Gleason made a deliberate attempt to subdivide the two ends of the spectrum of 

histologic malignancy, leading to five histologic growth patterns. Ruijter et al. found that 42% 

of 155 tumors were histologically composed of two histologic growth patterns or more 309 

Heterogeneity seems to be inherent to prostatic adenocarcinoma; this can be inferred from 

other types of analysis, such as p53 gene mutation 215222
) DNA ploidy 312, E-cadherin 

expression 226, ras gene mutations 21S and detection of allelic imbalance I98. It is plausible that 

morphologic heterogeneity is the result of tumor mulifocality. 
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With the passage of time, the volume of carcinoma lesions will increase This inevitably 

brings multifocal processes of varying grades closer together, finally culminating in the 

collision and fusion of lesions Interestingly, individual lesions from prostates harboring 

multiple carcinomas were of relative low histologic grade and displayed only minimal grade 

heterogeneity309 However, the overall grade heterogeneity and histologic grade of all tumors 

from a given case with multifocal disease was not different from prostates in which only a 

single tumor was present 309 This can be interpreted as indirect evidence that growth and 

fusion of tumor lesions relates to the evolution of grade heterogeneity Similarly, by carefully 

determining the topographical distribution of grades within tumors one might find examples of 

collision, but not fusion, of different growth patterns of carcinoma However, once overgrowth 

of one component arising over another has occurred, the individual contributions of 

progression versus multifocality are impossible to determine Moreover, intratumoral 

heterogeneity may also occur as the result of a multitude of epigenetic aberrations including 

metabolic, enzymatic, and molecular perturbations that influence cell structure and function. 

These structural and functional alterations, combined with tumor cell-host tissue interactions, 

may induce an endless range of phenotypes Thus, the precise mechanisms through which the 

various morphologic grades arise are currently unknown and merit further study One 

approach is a longitudinal analysis of the progression of prostate cancer by the use of 

sequential biopsies, but these cannot consider multicentricity Alternatively, a DNA fingerprint 

from each of the tumor lesions or areas within a given carcinoma may ultimately reveal a 

genetic relationship, i.e., clonal or non-clonal origin of tumor multifocality and heterogeneity 

Detailed information about the existence and extent of PCa multifocality and heterogeneity 

has not only influenced our thinking about the natural history of PCa, but also revealed to have 

clinical consequences, such as biopsy sampling error Needle biopsies are taken from the 

prostate by ultrasound or digital rectal guidance 
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Unfortunately, using either of these techniques, it is currently impossible to consistently 

identify regions of PCa that will adversely influence the patient's prognosis. Consequently, six 

needle biopsies are taken in a random systematic fashion from ill-defined regions on the 

posterior surface of the prostate 3 1 2 This approach has been shown to significantly 

underestimate histologic grade 3 0 9 as well as the aggressiveness of PCa based on the specific 

molecular changes 2 2 6 For example, an exact concordance between biopsy and prostatectomy 

grade was present in only 50% of the cases and biopsy grade underestimated the 

prostatectomy grade in 40% of the cases 3 0 9 Of even more clinical importance, 23% of the 

poorly differentiated PCa present in prostatectomy specimens were missed by biopsy sampling 

Also, the sensitivity of biopsies to provide samples of abnormal E-cadherin expression or 

accumulation of p53 protein from a given prostate with aberrant marker expression was 15% 

and 60%, respectively 2 2 6 This sampling error by biopsy is, at least in part, due to the 

multifocality and heterogeneity of PCa, ι е., sampling accuracy from the prostate depends not 

only on which tumor, but also which area in a given tumor is biopsied Similar disappointing 

results are anticipated for other prognostic factors when applied to biopsy specimens 

Moreover, all of the molecular biologic data obtained from prostatic adenocarcinomas should 

be interpreted in the context of the heterogeneity that is so characteristic for this type of 

cancer 
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VI. Concluding Remarks 

This commentary has reviewed a series of genetic and phenotypic alterations which are 

potentially involved in prostate carcinogenesis We have emphasized the familial and racial 

distribution data, because these might provide more detailed information which of the factors 

play an important role in malignant transformation Figure 7 summarizes the current state of 

knowledge regarding the multistep nature of prostate carcinogenesis Using this information 

one might ultimately be able to construct a risk profile based on a combination of several 

genetic and phenotypic alterations With such a risk profile, it might be possible to discriminate 

men whose disease will remain clinically controlled from those who will develop life-

threatening PCa Moreover, one might ultimately be able to design therapeutic approaches 

other than empirically based The exact place of all the new markers in the diagnostic 

armamentarium is not always completely clear and should be determined further in well-

controlled, prospective clinical evaluations, in which methods are standardized However, we 

must concede that the diagnostic assessment of PCa and the prediction of its prognosis is 

limited by the inherent heterogeneity of the disease and the circumstances under which we 

study it 
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Scope of the Thesis 

The aim of the present study is: 

1) to increase the understanding of the biological and clinical implications of prostate cancer 

multifocality and heterogeneity, and 

2) to analyze the origin of multiple lesions of carcinoma in a given prostate 

Chapter 2 describes a protocol for the standardized processing of radical prostatectomy 

specimens, including fresh tissue harvest and recommendations regarding cutting of the 

specimen. Histologic grading and pathologic staging of prostate cancer are discussed. 

Chapter 3 evaluates methods for fixing entire prostate glands The goal is to reach an evenly 

distributed fixation throughout the entire gland. The relevant aspects of formaldehyde fixation 

are discussed 

Chapter 4 describes the occurrence of prostate cancer multifocality and grade heterogeneity in 

relation to variables such as tumor volume, capsular penetration and biopsy findings A series 

of 160 completely embedded radical prostatectomy specimens and their preoperative biopsy 

specimens are evaluated 

Chapter 5 evaluates the immunohistochemical expression of the potential prognostic markers 

E-cadherin and TP53 in biopsy and prostatectomy specimens from 47 patients 

Chapter б uses three-dimensional computermodels of 21 prostatectomy specimens to assess 

the dimensions of biopsy sampling error, thereby providing insight into the potential value of 

specific prognostic markers applied to needle biopsies 

Chapter 7 discusses the possible origins of multiple lesions of carcinoma in a given prostate. As 

a marker of genetic lineage, the allelotype based on 33 microsatellite loci is compared between the 

different tumors present in 17 different prostatectomy specimens 
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Introduction 

The incidence of prostate cancer has risen dramatically during the last decade. This has largely 

been attributed to the frequent application of the prostate-specific antigen (PSA) serum test in 

symptom-free men \ In addition to this, the use of the PSA serum test in prostate cancer 

detection has increased the percentage of clinically localized tumors 2. Since the tumor 

behavior of organ-confined prostate cancers in particular may be quite variable, considerable 

efforts are made to identify prognostic markers distinguishing indolent from aggressive tumors. 

As yet, pathologic stage and histologic grade are considered to be the two most important 

indicators to predict the clinical outcome of prostate cancer after radical prostatectomy . 

Whether currently used clinical and pathologic staging parameters can be applied as a 

prognosticator in the case of early detected, small prostate carcinomas is not yet clear. For this 

reason, the identification of new and more objective markers for malignant potential in 

combination with the use of adequate documentation methods for histopathologic tumor 

characteristics is of considerable importance. Radical prostatectomy specimens probably offer 

the best opportunities for precise documentation of tumor characteristics like tumor volume, 

grade and stage 
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Moreover, tumor heterogeneity and the presence of multiple, anatomically distinct cancer 

lesions can be assessed in these specimens Apart from this, the possibility to establish a 

biorepository consisting of well-characterized fresh tissue samples from radical prostatectomy 

specimens for immunohistochemistry and molecular-biological studies could be of major 

importance in prostate cancer research It should also be realized that the reproducability and 

consistency by which the above-mentioned features are assessed strongly depend on 

standardized procedures of tissue fixation and processing Standardized tissue handling is not 

only important for central data collections of locally recruited and evaluated cases, but also for 

multicenter studies that provide tissue specimens for central analysis Consistent cutting 

schemes are also of crucial importance when the prostatectomy specimen, as a gold standard, 

is used to investigate the clinical value of new or improved imaging modalities of the prostate, 

such as magnetic resonance imaging6,? or transrectal ultrasonography8 

Proper tissue sampling in prostatectomy specimens, although preserving the possibility to 

study pathologic parameters in detail, is an issue that has been addressed in few previous 

reports 4'5 In this report, a comprehensive standardized protocol for the processing of radical 

prostatectomy specimens is evaluated This protocol is currently in part used by the 

participating centers of the BIOMED-II Markers for Prostate Cancer project It features fresh 

tissue harvest, optimed fixation by injection of formalin, and subsequent total embedding of 

radical prostatectomy specimens 

Description of the Protocol 

Immediately following surgical resection, the radical prostatectomy specimen is transported to 

the department of pathology Specimens are weighted and measured in three dimensions Prior 

to fixation, fresh carcinoma tissue is collected preferably from every prostatectomy specimen 
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Therefore, prostatectomy specimens need to be palpated carefully to identify possible tumor 

areas Palpation of radical prostatectomy specimens is believed to provide more accurate 

information on tumor location than preoperative digital rectal examination because of the 

absence of the rectal wall and the possibility of bimanual palpation To enhance tumor 

identification, localization of palpable abnormalities is combined with data of preoperative 

clinical staging and with the results of the diagnostic needle biopsies All areas that are 

suspected for tumor location are selected for fresh tissue harvest The surgical margins of the 

specimen are inked prior to tissue collection (Davidson Marking System, Bradley Products, 

Bloomington, USA) This will prevent leaking of the ink into the sites of fresh tissue harvest 

which makes it more difficult to identify surgical margins during histopathological examination 

Different colors of dye are used for each of the lateral sides This prevents accidental flipping 

over of the laterally symmetrical tissue slices and allows an optimal orientation throughout 

sectioning and embedding of the specimen A frequently used method to harvest fresh tumor 

tissue consists of making a transversal section through an unfixed specimen After careful 

examination, this is followed by removal of (abnormal) tissue, either by scraping cells with a 

surgical scalpel 9 or with punch biopsies 10 These methods have the potential advantage of 

bimanual palpation in combination with visualization of the region of carcinoma prior to 

selecting parts for tissue harvest Cutting through the unfixed prostate also has a major 

disadvantage During fixation, differences m shrinkage between the glandular prostatic tissue 

and the predominantly fibrous tissue of the prostate capsule frequently result in 'bulging out' of 

the glandular tissue As a consequence, the relationship of the tumor to the capsule can be 

difficult to determine This is particularly reflected in microscopic slides where parts of the 

capsule may not be present This obviously impedes accurate pathologic staging Pinning the 

slices to a wax-board may prevent 'capsular bulging' to some extent This method, however, 

does not facilitate fixation of the slice-side facing the wax-board 
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Fresh tissue harvest by biopsies from the unfixed intact gland will not alter anatomical integrity 

of the prostatectomy specimen, nor compromise accurate pathologic staging. Harvesting is 

performed using either a 'tru-cut' needle biopsy (15-mm. length, 14-gauge diameter) or a skin 

biopsy punch (5-mm. diameter). Damage to the prostatic capsule or to the surgical margins is 

avoided by (1) directing the biopsy into a site of the prostate where the capsule or surgical 

margins are macroscopically not involved, or; (2) perform the biopsy via the urethra. 

Depending on the size of the tumor, one single punch biopsy or four 'tru-cut' biopsies (Figure 

1) are collected from each of the suspected areas. All obtained tissue specimens are 

immediately snap-frozen and stored in liquid nitrogen at -70°C. Fresh tissue samples are not 

used for any research purpose until the final pathologic report has been completed, keeping 

them available for histopathologic examination when important clinical questions remain. The 

accuracy by which biopsies can be directed into malignant areas is sufficient since histologic 

examination revealed carcinoma in 80% of a pilot series including 20 frozen samples. The 

amount of carcinoma present in each of the samples was considered enough for various 

research purposes, including DNA extraction. 

Figure 1- harvesting fresh tissue using a 5-mm. skin biopsy punch 
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Fixation 

The prostatectomy specimen should be fixed immediately following fresh tissue harvest to 

prevent autolytic damage to the tissue Prostates can only be optimally fixed if formalin is 

present throughout the entire specimen n . This can be achieved by perfusing the specimen with 

a 10% neutral-buffered formalin solution using a fine hypodermic needle (0 6 χ 25 mm, 

Monoject Sherwood Medical, West Sussex, UK) After plunging the needle deep into the 

prostatic tissue, formalin solution is slowly injected while the needle is retracted. In this way, 

the fixative spreads more homogeneously and thoroughly through the prostatic tissue by ways 

of intraductal dispersion and diffusion through the stroma (Figure 2) 

Formalin injection is performed in a systematic way, at multiple (>50), 0 5 cm spaced sites, 

and should be allocated until the prostate has been perfused at all sides of the specimen For an 

average-sized prostate, this procedure will take approximately five min The mean increase in 

weight after perfusion of the gland is less than 10% of its initial weight Tissue damage as a 

result of multiple injections is either not present or not significant to adversely influence 

microscopic examination. Following formalin injections, prostatectomy specimens are either 

treated using microwave-stimulated heating, carried out essentially as previously described 

or are immersed in 400 ml formalin solution and allowed to fix for a standard period of time 

(20 hours) The rationale behind the different fixation protocols will be discussed more 

extensively in chapter 3 

Cutting the specimen 

After fixation of the specimen, the distal part from each of the seminal vesicles is cut once in 

the frontal plane, one half of which is submitted for histologic examination One 4-mm slice 

from the apical and basal part of the prostate (the latter containing the base of the prostate and 

proximal part of the the seminal vesicles) is removed at a plane perpendicular to the rectal 

surface 
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Figure 2- The effects of injection fixation on tissue preservation . A. The speed of formalin fixation is 
approximately 1 mm. per hour. Consequently, when prostatectomy specimens are immersed into a 
solution of formalin, it will take at least 20 hours to fix an intact (average-sized) prostate of 4 cm. in 
diameter. In addition, the formalin-fixed tissue at the periphery of the gland is a barrier to further 
penetration of the fixative. This will result in a difference of tissue preservation between the peripheral 
and the central part of the specimen ('crust effect'). B. When formalin is injected at multiple sites into 
the intact specimen, more uniform tissue preservation can be obtained. C. Injection fixation is 
performed usmg a 50 ml. syringe and a 0.6 χ 25mm. hypodermic needle 

To enhance the accuracy of determination of tumor extension into the capsule or in the surgical 

margins, these slices are cut parasagittally at 4-mm. intervals. The rest of the specimen is 

subsequently sliced at 4 mm. intervals perpendicular to the rectal surface. Using this scheme, 

the surgical margins of the bladder neck are usually also cut in the transverse plane. To 

enhance precise spacing and parallel orientation of each cut, the use of a motor-driven cutting 

machine is highly recommended. Each transverse section is sequentially numbered according to 

its origin and divided in halves or quadrants to fit routine-sized cassettes used for paraffin 

embedding. Our protocol does not encourage the preparation of whole-mount histologic slides. 

In our opinion, the preparation of whole-mount tissue slides is a relatively time-consuming 

method, which does not seem to serve other purposes than purely esthetic ones. We believe 

that detailed information regarding the presence and extension of carcinoma is also ensured 

when a diagrammatic reconstruction of the radical prostatectomy specimen is made. 
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It should be addressed that the extent of the disease (stage) may be underestimated when 

prostatectomy specimens are only submitted in part for histologic examination Figure 3 

illustrates the effects of the embedding procedure of prostatectomy specimens on pathologic 

stage For this evaluation, two groups of 41 radical prostatectomy specimens were recruited 

from the 'European Randomized study for Screening for Prostate Cancer ' In these men, 

prostate cancer had been discovered by systematic sextant needle biopsies, promted by 

abnormal findings on either digital rectal examination or transrectal ultrasonography, or by an 

elevated serum PSA level (> 4 ng /ml ) The two groups of radical prostatectomy specimens 

were derived from patients matched for age and preoperative serum PSA levels In the first 

group of 41 cases, radical prostatectomy was performed in the Rotterdam University Hospital, 

and specimens were processed and totally embedded according to the above-mentioned 

protocol In the other 41 cases, radical prostatectomy was performed in one of four other 

hospitals in the city of Rotterdam and they were processed and evaluated by one pathologist 

from an affiliated institution Their processing included partial embedding of macroscopical 

areas that were suspected for tumor localization in combination with a few randomly selected 

areas of (mostly peripheral) normal prostatic tissue This led to an average of 2-8 histologic 

slides per specimen Pathologic staging was determined in both institutions using the criteria of 

the 1992 Tumor-Node-Metastasis (TNM) classification Differences in pathologic stage and 

surgical margin status between both groups were statistically analyzed with a Wilcoxon 

matched-pairs test Radical prostatectomy specimens that were totally embedded revealed a 

higher pathologic stage on histologic examination than their partially embedded counterparts 

(Wilcoxon, ρ = 0 02, Figure 3) Positive surgical margins were also found more frequently in 

completely embedded radical prostatectomy specimens (32% vs. 22% of the partially 

embedded specimens) 
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This difference, however, did not reach statistical significance (p = 0 32) Obviously, 

comparisons of pathologic stage based on partially and totally embedded radical prostatectomy 

specimens from different institutions must be interpreted with care 

pTO pT2 рТЗаЬ рТЗс pT4 

Pathologic stage 

Figure 3- Comparison of pathologic stage distribution in two groups of 41 radical prostatectomy 
specimens matched for preoperative serum PSA and patient age Pathologic stage (TNM 1992 n) is 
significantly higher in totally embedded radical prostatectomy specimens (Wilcoxon matched pairs test 
2-tailed, ρ = 0 02) 

Histologic examination 

Grading- Several grading systems can be applied for prostatic adenocarcinomas These include 

the simple three-tired system identifying well, moderately and poorly differentiated carcinoma, 

and prostate cancer-specific grading systems, such as the Gleason scoring system 13 
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The Gleason scoring system solely considers only the degree of glandular differentiation and 

growth pattern in relation to the prostatic stroma, with cytological details virtually ignored I 3 

Grading is performed under low magnifications and therefore very little time is added to that 

required to make the diagnosis Gleason made a deliberate attempt to subdivide the two ends 

of the spectrum of apparent histologic malignancy, leading to five histologic growth patterns 

(Figure 4). 

Pattern 1- Very well-differentiated The tumor consists of single, separate, round to oval 

glands, which are quite uniform in size The glands grow abnormally in closely packed, roughly 

rounded masses with definitely limited edges relative to the uninvolved tissue The amount of 

stroma between the glands is less than one gland in diameter Stromal invasion is minimal 

Pattern 2- Well-differentiated The tumor consists of single, separate, round to oval glands, 

which are similar in size and shape but vary more than those of pattern 1 The amount of 

stroma between the glands is on average one gland diameter The tumor is less well 

circumscribed and not as definitely rounded as in pattern 1 Mild stromal invasion occurs 

Pattern 3- Moderately differentiated This is the most common pattern and includes two 

distinct appearances One is an extension οι patterns 1 and 2, with single, separate glands, 

which may be much smaller or much larger, or about the same size as those in pattern 1 and 2 

The individual glands are more irregular in size and shape than in pattern 1 and 2, many being 

more elongated or angular The glands may be closely packed together but are much more 

commonly quite widely separated by stroma (one or more gland diameter) The tumor is 

usually quite irregular in outline, without a clear definable boundary The secondary distinctive 

appearance in pattern 3 are sharply circumscribed masses of papillary or cribriform tumor with 

smooth and usually rounded edges 
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Pattern 4- Poorly differentiated. The tumor consists of irregular masses of fused glands; i.e., 

the glands are not single and separate but they branch and coalesce. The fusion may be so 

extreme that the appearance is that of solid masses of epithelium containing multiple glandular 

lumina lined by poorly oriented layers of polygonal cells Some cells may have two surfaces 

facing separate rounded gland spaces. Pattern 4 tumors grow in very raggedly outlined masses, 

appearing to infiltrate the stroma very aggressively. Also included in pattern 4 are tumors 

composed of large cells with pale cytoplasm, sometimes resembling the clear-cell 

adenocarcinoma of the renal cortex. 

Figure 4- Simplified drawing of histologic patters, emphasizing the degree of glandular differentiation 
and relation to stroma 
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Pattern 5- Very poorly differentiated The tumor consists of raggedly infiltrating masses of 

epithelial cells with only few poorly formed glandular lumina or signet nng cells to confirm that 

it is an adenocarcinoma A second rare appearance consists of sharply circumscribed broad 

cords and masses of compactly arranged epithelial cells with only occasionally poorly formed 

tiny glandular lumina, sometimes with central necrosis of the masses referred to as 

' comedocarcinoma' 

Interestingly, it appears that the biologic malignancy of prostatic adenocarcinomas is more 

closely in proportion to its average histologic pattern than to its 'worst' or 'best' pattern 13 

Therefore, Gleason proposed to add the two most predominant growth patterns present m a 

given prostatectomy specimen together, thereby achieving the scaling effect of averaging If 

only one histologic growth pattern is present, the digit of this pattern is multiplied by two 

Division by two was omitted, avoiding fractional grades A new scale was created which 

ranged from 2 to 10, the Gleason pattern score 

For two reasons, the Gleason histologic grading system is currently most widely applied 

First, the Gleason pattern score correlates relatively well with biologic behavior of the 

malignancy Second, it is one of the few systems that allows to include multiple histologic 

grades present in the same gland This might be particularly important since grade 

heterogeneity is inherent to prostatic adenocarcinoma Heterogeneity could portend a poor 

prognosis as it may reflect genetic instability that allows for an accelerated progression of 

disesae Although the Gleason scoring system has proven it's clinical value with respect to 

predicting the prognosis of patients with prostate cancer 13, it has also some limitations First, 

there has been some hesitance for using specific grading systems for prostate cancer because it 

may be difficult for pathologists to be confident that they apply the grading system exactly as 

their authors intended This is reflected in a considerable inter-observer variability 14 
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Even the creator of the Gleason grading system has duplicated exactly the previous histologic 

scores in only 50% of the cases and within ± 1 histologic score approximately 85% of the time 

14 A second limitation of the Gleason scoring system is that small, poorly differentiated 

components of a given tumor are sometimes ignored in the Gleason score For example, a 

given focus of prostatic adenocarcinoma contains 30-volume % pattern 2, 55% pattern 3 and 

15% pattern 5 When the two most predominant growth patterns are added together, the score 

of this tumor would be 5, ie, neglecting a significant portion of a poorly differentiated 

carcinoma (pattern 5) and thus potentially underestimating the malignant potential of the tumor 

in some cases In such cases, we recommend to grade the tumor as Gleason score 5 (thereby 

following the definitions of the Gleason system), mentioning the presence of the poorly 

differentiated component in a footnote of the pathological report 

Pathologic staging- In 1992, the American Joint Committee of Cancer (AJCC), in 

collaboration with the International Union against Cancer (IUCC) adapted a revision of the 

TNM 1987 staging system for prostate cancer (Table 1) 12 The revision permitted transition 

from the Wmtmore ABCD system to the TNM classification A Tic subcategory was added to 

the 1992 TNM edition Stage Tic includes those prostatic adenocarcinomas that were not 

identified by imaging techniques or by digital rectal examination but incidentally discovered by 

biopsy prompted by an elevated serum PSA The establishment of a Tic subcategory is a direct 

result from the increasing number of prostatic adenocarcinomas that were diagnosed by 

frequent application of serum PSA tests In addition, prostatic adenocarcinomas that invade 

into the capsule without penetration through the capsule is staged as T2 (TNM 1992) instead 

of T3 (TNM edition 1987) The 1997 edition of the TNM system I5 for staging prostate cancer 

has been simplified without specifying the scientific basis of the changes made It combines T2a 

and T2b (TNM 1992) into T2a and similarly, T3a and T3b (TNM 1992, Figure 5) into T3a 

The T4a/b classification (TNM 1992) has been combined into one T4 group (TNM 1997) 
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Figure 5- carcinoma confined to the prostate (Left, pT2c) and with extracapsular extension 
(Right, pT3b), TNM classification 1992 12 

Definitions of pathological stage T3- When assessing capsular penetration, it is important to 

consider the anatomical location of prostate capsule 16 Towards the apex (distal) part of the 

gland, there is an ill-defined margin between prostate tissue and the surrounding soft tissue and 

skeletal fibers of the urogenital diafragm The prostatic capsule is also ill-defined towards the 

basal (proximal) part of the prostate In this area, non-neoplastic glands can sometimes be 

found in the periprostatic tissue Anteriorly, the edge of the prostate is also difficult to define 

because exterior smooth muscle merges with prostate stroma fibers 16. Because the prostatic 

capsule is not a well-defined anatomic structure, it can be difficult to diagnose extracapsular 

extension One criterium for capsular penetration is when tumor is present in periprostatic fatty 

tissue Although this may seem as a straight forward task, difficulty results when the tumor 

penetrates beyond the prostatic gland and incites a dense desmoplastic reaction In these cases, 

one should focus on the presence of a 'capsular bulge' '6 Capsular bulging can be found by 

looking on scanning magnification at the prostatic capsule at a site without tumor involvement 

and follow the edge of the gland to the area in question The site where tumor significantly 

extends ('bulges') beyond this rounded edge is assumed to represent capsular penetration. 
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Seminal vesicle invasion is documented based on two criteria (1) the presence carcinoma in the 

muscular coat of seminal vesicles and (2) the part of the seminal vesicle that is involved by 

tumor is an extraprostatic structure 

Definitions of pathological stage T4- We believe it is difficult to stage prostatic 

adenocarcinomas as pT4 exclusively on the basis of histologic examination Only few adjacent 

structures necessary to stage T4 are resected along with the prostatectomy specimen At the 

apex of the prostate, striated muscle fibers either belonging to the the levator muscle or to the 

external urethral sphincter can be found between glandular tissue of the prostate Similarly, 

smooth muscle fibers of the bladder radiate into the bladder neck region of the prostate These 

fibers can also be found between normal prostatic glands 16 When tumor is found at the level 

of muscle fibers and normal prostatic glands but still within the borders of the prostate, either 

at the apex or basis, one should be very precautious with classifying such a case as stage pT4 

If prostate carcinoma clearly growths between the smooth muscle fibers of the bladder within 

the borders of the prostate while normal prostatic glands are absent, one might consider to 

stage such a case as pT4 after discussing the finding with the urologist Prostatic 

adenocarcinoma in a tissue fragment that was removed by the urologist from the extraprostatic 

part of the bladder neck or levator muscle is considered to represent pT4 

In addition to grade and stage, surgical margin involvement, the presence and extent of high-

grade prostatic intraepithelial neoplasia (PIN) and atypical adenomatous hyperplasia (AAH) 

are documented Each of the identified (pre)malignant lesions are marked carefully on the slide 

coverslip These slides can be used to create a diagrammatic representation of the entire 

specimen in which all the relevant histologic findings are carefully documented This diagram 

also contains the sites of fresh tissue harvest 
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From these maps, the presence and extent of tumor, multifocality, grade heterogeneity and the 

status of the capsule and of the surgical margins can be easily assessed The outlines on the 

slides can also be used for the measurement of tumor volume 

Table 1- TNM classification (1992) of prostatic adenocarcinomas Primary tumor (T) 

Tx Primary tumor cannot be assessed 
TO No evidence of primary tumor 
Tl Clinically inapparent tumor not palpable nor visible by imaging 

- Tla Tumor incidental histologic finding in 5% or less of tissue resected 
- Tib Tumor incidental histologic finding in more than 5% of tissue resected 
- Τ1 с Tumor identified by needle biopsy 

T2 Tumor confined within the prostate 
- T2a Tumor involves half of a lobe or less 
- T2b Tumor involves more than half of a lobe but not both lobes 
- T2b Tumor involves both lobes 

T3 Tumor extends through the prostatic capsule 
- T3a Unilateral extracapsular extension 
- T3b Bilateral extracapsular extension 
- T3c Tumor invades the seminal vesicle(s) 

T4 Tumor is fixed or invades adjacent structures other than seminal vesicles 
- T4a Tumor invades bladder neck and/or external sphincter and/or rectum 
- T4b Tumor mvades levator muscles and/or is fixed to pelvic wall 

Conclusion 

Standardization of methods for fresh tissue harvest, fixation, cutting, and embedding should be 

considered extremely important, since each can have its effect on the outcome of routine 

histopathologic examination or on the interpretation of various molecular-biologic assays 
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Abstract 

Conventional fixation of large solid surgical specimens is a slow process. Consequently, 

autolytic damage to tissues may occur if the fixative does not reach the central part of the 

specimen in time. However, as there is also a time relationship between formalin fixation and 

antigen masking, fixation for too long can also be detrimental. In seeking the optimum balance 

for fixation, microwave irradiation might be of assistance. 

This study set out and evaluate methods for fixing entire prostate glands within a brief 

period of time, using microwave-stimulated formalin fixation. The results show that entire 

prostates can be optimally fixed if formalin is present throughout the tissue as the temperature 

is increased by microwave irradiation. This is achieved by injecting the fixative into the prostate 

at multiple sites immediately following prostatectomy. The technique described ensures 

standardization of a critical step during tissue processing, leading to uniform microscopic 

results with both routine and immunohistochemical stains. It is a simple, rapid method, suitable 

for routine diagnostic use. Using this modified approach, DNA of much larger sizes can be 

extracted from paraffin-embedded material, which could expand the possibilities for molecular 

analysis. 
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Introduction 

One of the most widely used methods for tissue preservation is fixation with formalin Besides 

important advantages, there are also drawbacks with formalin, such as the rather slow rate of 

fixation The long time involved in the fixation of large specimens is a major limitation in 

making timely diagnosis In addition, even after 24 hours, solid specimens larger than 25 grams 

are not always completely fixed 2·3 Cutting the surgical specimen into smaller pieces facilitates 

fixation, but is undesirable for final anatomical orientation Due to incomplete fixation, 

autolytic degradation of protein antigens and DNA may occur, but progressive formaldehyde 

fixation has also an adverse effect on many antigens4 The combination of prolonged exposure 

to formalin, especially at the periphery, with incomplete fixation in the centers of a large 

specimen may explain inconsistent immunhistochemical results 

The artifacts obtained with formalin fixation have encouraged the search for refinements of 

fixatives and techniques to preserve antigens The best approach to preserve large specimens 

would be a short, intense fixation, to prevent formalin-induced and autolytic damage to protein 

antigens and DNA For small tissue specimens, an evenly distributed fixation has been achieved 

by microwave treatment 2'5 Similar results using microwave-stimulated fixation should be 

possible with large surgical specimens We have therefore compared the results of fixation 

protocols using microwave irradiation with those of conventional fixation, with the prostate 

gland as a model 

Materials and Methods 

The initial development of the microwave-stimulated fixation method was carried out using 30 

prostates from autopsy cases (maximum post-mortem interval 8 hours) 
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Each of the prostates weighed more than 50 gr and was divided into two parts of equal size 

These two parts were used to compare the degree of fixation between two protocols Six 

different protocols were tested at least in duplicate In all protocols, a 10% neutral-buffered 

formalin solution was used for fixation There was no further exposure to formalin after the 

initial fixation 

Fixation protocols (P) 

PI Prostate parts were allowed to fix by formalin diffusion for 20-48 hours at room 

temperature without microwave irradiation 

Ρ 2 The prostate parts were placed in a plastic container (diameter 10 cm, height 9 cm ) 

Formalin was added to a total volume of approximately 400 ml (specimen and formalin volume 

together) The container was placed in a commercially available Miele M696 microwave oven 

A temperature probe connected to the power control of the oven was inserted into the formalin 

solution The microwave oven was programmed for a temperature of 50°C and a power level 

of450Wfor6min 

P3 These prostate parts were treated in a similar fashion to those in protocol 2 Immediately 

after the first microwave step, the machine was switched off for the subsequent 10 min A 

second VA min period of microwave irradiation followed, using the same temperature and 

power settings as those described above 

In protocols 4-6, prostate parts were perfused by injecting 100 ml of formalin into multiple 

sites (>50) of the gland using a fine needle (0 6 χ 25 mm, Monoject, Sherwood Medical, West 

Sussex, UK) The average time to perfuse the gland was 3 min 

Most of the injected volume leaked immediately out of the gland The mean increase in weight 

after perfusion of the gland was 3 1 gr After injections, a 15 min pre-soak period followed in 

formalin 
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After these treatments 

P4 Conventional fixation followed according to protocol 1 

P5 Microwave irradiation followed according to protocol 2 

P6 Microwave irradiation followed according to protocol 3. 

Macroscopic evaluation 

After fixation, specimens were taken out of the formalin and immediately sliced at 4-mm 

intervals Grey-white and firm areas were interpreted as completely fixed and red, soft tissue 

areas as incompletely fixed Two patterns of incomplete fixation were recognized a 'spotty' 

distribution for the admixture of both incomplete and complete fixed tissue areas and a 'crust-

effect' if the central part of the prostate slice was fixed incompletely Paraffin tissue sections (4 

μπι ) from two representative slices were stained with hematoxylin and eosin (H&E) 

We continued the study with 152 radical prostatectomy specimens (mean weight 42 gr, 

range 26-125 gr ), obtained from patients treated for clinically localized prostate cancer in the 

period from June 1993 to May 1997 These specimens were used to evaluate the quality of 

routine and immunohistochemical stains and of DNA preservation on tissue fixed with the 

microwave method (P6 N=95) compared with conventionally fixed specimens (PI N=42 and 

P4 N=\5) Directly following resection, the specimens were fixed uncut and completely 

submitted for histoprocessing Routine stains included H&E, PAS, van Gieson's elastica stain, 

and Alcian Blue 

Progressive formalin fixation 

To investigate the time factor of formalin fixation on immunostaining, we used a fresh 

prostatectomy specimen From the specimen, one piece was snap-frozen Multiple other pieces 

of similar size were placed in formalin After 1, 2, 3, 4, 8, 12, 18, 24, and 36 hours, a piece was 

removed from the fixative and placed in physiological saline prior to histoprocessing. 
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Immunohistochemical staining 

In prostatectomy specimens, all tumor blocks were used to evaluate the preservation of protein 

antigens. We evaluated the staining of monoclonal antibodies representing a selection of 

cytoplasmic (cytokeratin) and surface antigens (E-cadherin) in areas of benign epithelium 

present in the tumor blocks Nuclear antigens were evaluated with Ki-67 and p53 in 

(tumor)cell nuclei (Table 1). The staining procedure for E-cadherin, Ki-67, and p53 was 

performed after microwave retrieval with two sequential 5-min. intervals at 600 W. in 0.1 M 

citrate buffer, pH 6 0. In addition, we compared the E-cadherin staining results with 20 

specimens fixed according to P6 which were both treated and not treated with antigen 

retrieval. The staining procedure for cytokeratin was performed both with and without 10 min. 

digestion in 0.1% protease XIV at 37°C. Primary antibodies were incubated at 4°C overnight. 

A Vectastain Elite kit (Vector Laboratories, Burlingame, CA, USA) was used for peroxidase 

visualization. 

Light microscopical evaluation 

Stains were designated 'homogeneous' if the entire tissue section showed a similar staining 

pattern/intensity; 'variable', i.e. 'spotty' distribution, if different tissue areas differed in staining 

pattern/intensity, or a 'crust-effect' if staining differences between the periphery and central 

part of the prostate were present. 

Progressive formalin fixanon 

The reduction in staining intensity was expressed in percentages, with the frozen section 

staining result as a gold standard (100% intensity). 
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Table 1- The monoclonal antibodies used 

Monoclonal 

Antibody Clone, Dilution Source Protocols (Ρ) tested 

E-cadhenn HECD-1, 150 Takara, Berkeley, USA PI N=42, P4N=15, P6N=95 

Ki-67 МШ-1, 1 100 Immunotech SA Marseüle, France PI N=20, P4 N=5, P6 N=50 

P53 D01/D07, 1 100 Neomarkers, Fremont, USA PI N=20, P4 N=5, P6 N=50 

Cytokcratin CAM 5 2, 1 20 Becton & Dickinson, San Jose, USA PI N= 10, P4 N=5, P6 N=10 

DNA extraction 

To evaluate the preservation of DNA, we randomly selected paraffin blocks from con

ventionally fixed specimens (PI, N=4) and from specimens that were fixed after formalin 

injections followed by microwave irradiation (P6, N=4) DNA extraction was carried out 

essentially as recently described 6 DNA sizes were estimated by electrophoresis on a 1% 

agarose gel with ethidium bromide staining and expressed in number of base pairs (bp) 

Relative amounts of DNA in regions of the agarose gels were estimated using a Biorad GelDoc 

1000 system (Biorad, Hercules, CA, USA) 

Results 

The results of macroscopic inspection of autopsy specimens processed with all protocols and 

their H&E stainings results are shown in Table 2 The range of changes induced by the 

variables of the fixation procedures in 30 autopsy prostates is summarized in Table 3 Prostate 

parts that were conventionally fixed (PI) usually showed macroscopically incomplete fixation, 

especially in the centre of the gland ('spotty' fixation with a 'crust-effect') 
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Table 2- Results of macrosopic inspection and H&E staining following the different protocols, using 
autopsy prostates 

Macroscopic inspection H&E staining variability 

Protocol Slicing of the specimen Crust effect Spotty Crust effect Spotty 

Easy, no damage to tissue or capsule 
Difficult, damage to tissue and capsule 
As protocol 1 

As protocol 1 

As protocol 2 

As protocol 1 

+ 

+ 
+ 

-

-

-

+ 
+ 
+ 

-

+ 

-

+ 
+ 
+ 

-

-

-

+ 
+ 

+ 
-

-

-

+ = present; - = abssent 

The majority of the tissue sections showed an intense eosinophile H&E staining in the centre of 

the prostate compared with the periphery of the gland ('crust-effect'; Figure la). These 

eosinophilic areas may be explained by ethanol-induced protein coagulation of the partially 

cross-linked tissue in subsequent histologic processing steps l. The artifact, however, may also 

be attributed to improper processing or incomplete wax impregnation. With multiple injections 

into all sites of the intact gland (P4-6), no 'crust-effects' were present. No tissue damage was 

present that could be attributed to the multiple formalin injections into the gland. Microwave 

irradiation (P2, 3, 5, 6) significantly reduced the time necessary to fix the gland. Tissue 

architecture and cellular details were well preserved in all cases fixed according to P6, and 

results were independent of the prostate's prefixation weight. 

Other routine stains 

PAS, van Gieson's elastica and Alcian blue staining patterns and intensities on tissue fixed by 

microwave irradiation (P6) could not be distinguished from those fixed by the conventional 

method (PI, 4). 
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Figure 1- Photomicrograph of an H&E-stained tissue section and an E-cadherin stained tissue section. 
These specimens were fixed conventionally (protocol 1). Left. lOx. Compared to the periphery of the 
gland, the H&E staining is more eosinophilic in the center of the gland ('crust-effect'). Right. 40x. Only 
a small rim near the prostate capsule shows E-cadherin staining. The intensity decreases rapidly in the 
adjacent glands. The center of the specimen does not show any immunoreactivity ('crust-effect') 

Immunohistochemical stainings 

E-cadherin- Without any retrieval technique, expression of E-cadherin antigens was not 

detectable in any of the blocks. Table 4 summarizes the effects of the fixation method on E-

cadherin immunoreactivity. In 84% of the conventionally fixed specimens (PI), for example, E-

cadherin immunohistochemistry proved to be sub-optimal. A considerable number of these 

cases showed staining mainly localized as a small rim at the periphery of the gland (Figure lb). 

The number of cases with a homogeneous immunostaining throughout the entire tissue section 

increased when specimens were fixed according to P4 (53%) and even to 93% with P6. Thus, 

the variables that improved the quality of immunostains are formalin injections and a shorter, 

intensified fixation, the latter illustrated in Figure 2. Clearly, prolonged formalin fixation, as in 

Ρ1 and P4, adversely influenced E-cadherin immunoreactivity. 
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Table 3- Results from autopsy prostates range of changes induced by the variables of the fixation protocols 

Variables Comparing protocols (P) Change induced 

Microwave influence Conventional vs 

on fixation microwave irradiation 

(Pl/2, Pl/3,P4/5,P4/6) 

Microwave irradiation intensified fixation 

significantly and consequently, less time 

was needed to fix the specimen 

Formalin injections Formalin injections vs no injections 

(Pl/4, P2/5, P3/6) 

Injections ensured fixation of the center 

and the periphery of the specimens, 

resulting in absence of 'crust-effects' 

Number of 

microwave steps 

One vs two microwave steps 

(P2/3, P5/6) 

Two steps ensured easy slicing of the 

specimen without damage to the capsule 

fixation time (hours) 

E-cadherin 

рбЗ/МІВ-1 

cytokeratin 

Figure 2- Relationship between immunostaining and formalin exposure time during conventional 

fixation (protocol 1) 
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Nucleus-specific staining (MIB-1 andp53)- p53 protein accumulation was present focally in 

tumor areas in a total of four cases МШ-1 expression was found in all tumors, and only 

focally in benign areas In all cases, specific staining was present in nuclei only The presence 

and distribution of stained nuclei appeared not to be dependent on fixation time (Figure 2) or 

on the choice of protocol 

Cytoskeleton-specific staining (cytokeratin)- In all prostates processed by P6, uniform 

staining was present throughout the sections Pronase digestion did not significantly improve 

staining intensity in P6, while the stains from PI and P4 were always more intense after 

pronase digestion 

Table 4- Effects of different fixation protocols on E-cadhenn staining 

Immunostaining 

Homogeneous staining Variable staining results 

Specific staining throughout 'Spotty' distribution 'Crust effect' Staining negative 

Protocol entire tissue section 

1 (N=42) 7 cases (16%) 4 cases (10%) 8 cases (19%) 23 cases (55%) 

4 (N=15) 8 cases (53%) 1 case (7%) 0 cases 6 cases (40%) 

6 (N=95) 88 cases (93%) 7 cases (7%) 0 cases 0 cases 

DNA extraction- Comparison of the DNA extracted from specimens fixed by PI and P6 

revealed that degradation was more pronounced when conventional fixation was used (Figure 

3) In the specimens fixed using microwave assistance (P6), over 75% (mean 78%, SD 5 4%) 

of the DNA migrated at sizes over 1000 bp as estimated by agarose electrophoresis By con

trast, only 34% (SD 9 5%) of the DNA from conventionally fixed specimens (PI) was in this 

size range 
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The degradation was more apparent at larger sizes, since only 2.3% of DNA from conventional 

fixation was larger than 4000 bp as opposed to 40% of that extracted from microwave-fixed 

specimens. 

Figure 3- Ethidium bromide-stained 1% agarose gel showing the size distribution of double-stranded 
genomic DNA, extracted from the paraffin sections. The length of DNA fragments is expressed in the 
number of basepairs (bp). Lane A, marker Puc 18; lanes B-Ε, conventional fixation for 20 hours 
(protocol 1); lanes F-I, microwave-stimulated fixation (protocol 6); lane J, marker λ Hind III. Note 
presence of larger-sized DNA fragments in lanes F-I 

Discussion 

In this study, the major goal has been to examine whether microwave irradiation can be used to 

fix large surgical specimens rapidly yet evenly, providing tissue which is morphologically, 

immunohistochemically, and molecularly well-preserved. 
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In protocols 1-3, macroscopic inspection revealed an incomplete fixation The 'crust-effect' in 

the protocols 1-3 was probably the result of formalin-fixed tissue in the periphery of the gland 

forming a barrier to further penetration of fixative Microwave irradiation in protocols 2-3 

reduced the time needed to fix the peripheral part of the gland, but left the center unfixed Only 

with multiple formalin injections into all parts of the intact gland (protocols 4-6) was this 

problem circumvented The effect of formalin present throughout the prostate was further 

enhanced when the tissue underwent fixation using microwave irradiation (protocols 5 and 6) 

The second microwavmg step (protocol 6) allowed easy slicing of the specimen and 

consequently preservation of tissue morphology was then optimally achieved 

The additional effects of microwave irradiation during tissue fixation can be explained 

chemically Aqueous solutions of formaldehyde used as fixatives contain mainly methylene 

glycol and its oligomers, but little formaldehyde 7 The formaldehyde (HCOH) m the tissue is 

formed from methylene glycol [CH2(0H)2 ] as shown below, 

CH2(OH)2 <-> HCOH + H20 

The proportion of methylene glycol depends inversely on the temperature 8 For fixation, the 

active component is formaldehyde, but it is mainly methylene glycol that rapidly penetrates 

tissues ' The formaldehyde binds very slowly to the tissue and hence disappears at a slow rate 

To maintain the chemical equilibrium, formaldehyde is formed by dehydrating methylene 

glycol When microwave irradiation is started, this dehydration process is accelerated 

enormously due to the almost instantaneous and homogeneous increase in temperature 3 In 

addition, heat-induced acceleration of diffusion of the fixative from the injection sites into the 

entire specimen allows acceleration of the reaction of formaldehyde with the tissue 
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Comparing tissue conventionally fixed after injections (protocol 4) with microwave fixation 

after injections (protocol 6), we presume that this accelerated process plays a crucial role in the 

preservation of E-cadherin antigens. It is not surprising, therefore, that superior fixation results 

are achieved by combining injection and microwave heating. 

We believe that fixation is a 'balancing act'. The aim is to reach an optimal hybrid between 

time-progressive formalin damage of protein antigens, as clearly illustrated in Figure 2, and 

autolytic degradation. The window of this optimal fixation is small. Relative slow fixation for 

20-48 hours (protocol 4), for example, resulted in 'spotty' E-cadherin staining and sometimes 

in complete negative staining. The major advantage of protocol 6 is that the end-point of 

fixation is the same for all our specimens. Variation in E-cadherin staining intensity, however, 

was still present in specimens fixed according to protocol 6, and this observation may be 

explained by incomplete diffusion of formalin after inadequate injections. Thus, heat exposure 

in the absence of fixative is probably not sufficient to stabilize protein antigens. This convinced 

us to allocate at least 3 min. for the formalin injections followed by a 15-min. immersion 

period, to ensure optimal distribution of the fixative throughout the prostate prior to 

microwaving. After this learning curve, there appeared to be still some variability in E-cadherin 

staining, even though these specimens were optimally and consistently handled. This could be 

explained by differences in tissue densities. Variability, however, was less distinct than in 

specimens fixed according to protocols 1 or 4. 

Immunohistochemical stains for E-cadherin revealed another interesting finding. Cross

links, introduced by formaldehyde, can be responsible for antigen masking 9. As early as 1948, 

it was reported that formaldehyde cross-links may be reversed, at least in part, by high 

temperature9'". If the formalin exposure is short (protocol 6; 34 min), it could be anticipated 

that retrieval techniques to unmask protein antigens would not be necessary. E-cadherin stains, 

however, were always completely negative if microwave retrieval was omitted. 
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Our findings may illustrate that high temperatures during microwave retrieval not only 

hydrolyse formaldehyde-induced cross-links, but also change the three-dimensional structure of 

protein antigens, reducing stenc hindrance This hypothesis is further supported by data from 

ethanol-fixed tissue blocks Although these tissue specimens lack any formaldehyde-induced 

cross-links, MIB-1 lmmunoreactivity is present only after microwave antigen retrieval 12 

Another important advantage of microwave fixation was the possibility of omitting enzyme 

digestion in cytokeratin staining procedure Apparently, both MIB-1 and p53 lmmunoreactivity 

and the routine stains PAS, Alcian Blue and van Gieson's elastica were more resilient to 

different fixation protocols 

Finally, it appears that DNA degradation is reduced by microwave fixation This might be 

explained by inhibition of endogenous DNase activity by immediate fixation Using our 

modified approach, DNA of much larger sizes can be obtained from paraffin embedded 

material, which could expand the possibilities for the use of this material in molecular analysis 

Although the practical aspects of the technique described are simple and straightforward, it 

should be noted that heated formalin vapours are potentially carcinogenic, the procedure 

should therefore be earned out only under an appropriate fumehood 

In conclusion, the advantages of microwave-stimulated formalin fixation of radical 

prostatectomy specimens are (1) rapid, standardized fixation, applicable for daily routine, (2) a 

thorough preservation of morphology, (3) improved lmmunoreactivity, resulting in reliable, 

almost homogeneous lmmunostaining in the majority of cases, and (4) decreased degradation 

of DNA Standardization of the fixation process is important for the consistent interpretation 

of conventional and immunohistochemical stains and could be particularly helpful if different 

hospitals are providing specimens for central analysis In addition to clinically oriented studies, 

the method described here has important applicability to studies of cancer pathogenesis, 

allowing the intensive investigation of genetic alterations through improved DNA quality in 

paraffin material 
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Abstract 

In order to understand the clinical and biological implications of prostate cancer multifocality 

and heterogeneity, we investigated their occurrence in relation to variables such as tumor 

volume, local invasion and biopsy findings. In a series of 160 completely sectioned completely 

embedded radical prostatectomy specimens with clinical stage T2 prostate cancer, we mapped 

histologic grade heterogeneity and tumor multifocality. We also evaluated the prostate biopsy 

specimens of the same 160 cases to assess the accuracy of pre-operative grading. 

Among all of the prostates, only 33% had a single tumor and in 18% one histologic grade of 

cancer was evident. Our result indicate that extracapsular invasion is not restricted to the 

largest tumor in each case, but also occurred in tumors of relatively small volume and low 

histologic grade. In addition, the largest tumor lesion in a given case is not necessarily the 

tumor with the highest histologic grade. Variability of histologic grade was directly 

proportional to tumor volume. Both grade heterogeneity and tumor multifocality of the 

prostatectomy specimen showed a significant relationship to the grade accuracy of biopsies. 

Biopsy grading error proved greatest among small, well-differentiated tumors and when less 

than 6 biopsies were taken from a given prostate. 
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Introduction 

Carcinoma of the prostate continues to increase in incidence and prevalence, an increase 

paralleled by staging and management controversies This has encouraged basic tumor research 

to identify possible etiologic factors and potential prognostic markers, since these could have 

direct clinical implications Considerably less attention has been paid to the morphologic 

diversity of prostate cancer 

Morphologically, prostate carcinomas are particularly intriguing regarding their propensity 

to display multiple histologic patterns within a single tumor Although many studies have 

commented on the presence of grade heterogeneity ''2, the nature and magnitude of this 

phenomenon have not been documented precisely Most studies analyzing heterogeneity of 

histologic grade suffer from examining only the largest lesion or 'index tumor' in each case3'4 

To investigate the frequency and extent of grade heterogeneity at the inception of prostate 

cancer, all tumors in a given case should be included in the analysis The presence of multiple, 

anatomically distinct foci of prostatic adenocarcinoma within the same gland is a common 

finding *"* Studies concentrating on tumor multifocality, however, have not discussed grade 

heterogeneity in detail5. Exactly how tumor multifocality and heterogeneity of histologic grade 

are interrelated is also unclear Detailed information about their existence and extent could 

probably influence our thinking about the natural history of prostate cancer and could show 

their potential contributions to diagnostic and prognostic accuracy 6 Heterogeneity of 

histologic grade, for example, could be important for an individual's prognosis, since tumors 

that are heterogeneously composed of various grades theoretically have a less predictable 

clinical behavior than tumors that are homogeneous in that respect Moreover, the initial 

biopsy grade may not reflect that of the resultant prostate specimen, due to sampling error that 

could result from both grade heterogeneity and multifocality 
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In order to gain more insight into the tumor biological and clinical implications of grade 

heterogeneity and multifocality, a series of 160 radical prostatectomy specimens and all of their 

respective pre-operative biopsies were analyzed We examined the number of tumor lesions 

and histologic grades These data were correlated with tumor volume, Gleason's pattern score 

and capsule penetration 

Patients and Methods 

One hundred sixty prostatectomy specimens were selected from a database of 215 patients 

with clinically localized prostate cancer who had been seen during the period of June 1992 -

December 1997 in the Academic Hospital Nijmegen, The Netherlands Patients who had 

received any pre-operative treatment for prostate cancer (hormone ablation, radiotherapy, 

high-intensity focused ultrasonography, N=39) or in whom prostate carcinoma was diagnosed 

by transurethral resection (N=7) were excluded from this study Biopsy specimens from nine 

cases could not be retraced from referring institutions All prostatectomies were performed on 

patients in whom lymph node metastases had not been identified by frozen section diagnosis 

during the operation The mean patient age was 63 years (range 48-76 years) 

Immediately after surgical resection, prostate specimens were fixed overnight in a solution 

of 10% neutral-buffered formalin at room temperature After surface marking with dye, the 

entire prostate specimen was cut into serial transverse 4 mm thick slices Following histologic 

processing, 4-μιη paraffin tissue sections were stained with hematoxylin and eosin By careful 

histologic examination, all areas representing adenocarcinoma were outlined on the coverslip 

of the slides of each specimen and retraced onto a diagrammatic macroscopic representation of 

all slices in a serial order 
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From these tumor maps, topographic relationships between multifocal tumors were evaluated 

Multifocality of carcinoma was defined as a minimum separation of 4 mm between any two 

malignant foci in any direction This definition was based on the slice thickness, it would be 

difficult to explain that a given tumor focus would be present in one slice, disappear in the 

adjacent slice and reappear again in the following slice 

The volumes of all independent carcinomas were calculated as the sum of surface areas for a 

given carcinoma multiplied by the slice thickness Volumes were expressed in cubic 

centimeters (cm3) The index-tumor for each case was defined as the single tumor of greatest 

volume Satellite lesions were defined as tumors with a smaller volume than the index-tumor in 

a given case with multifocal lesions All tumors were histologically graded according to the 

Gleason system 7 Capsule penetration was defined as the presence of malignant cells in the 

periprostatic fatty tissue or the finding of a 'capsular bulge' Capsular bulging can be found 

when the edge of the tumor at side of the prostatic capsule is followed by a low magnification 

The site where tumor significantly extends ('bulges') beyond the rounded contour of the tumor 

edge is assumed to represent capsular penetration 

To investigate the predictive value of pre-operative tumor grade and volume in biopsy 

material, the same observers (ER, CvdK, GvL) reviewed the biopsy and prostatectomy 

specimens Biopsy material from all 160 cases had been obtained less than 3 months prior to 

prostatectomy by a transrectal (ultrasound-guided) prostate needle core biopsy (18 gauge 

diameter, 15 mm length) The majority of the cases (70%) was diagnosed in the Academic 

Hospital Nijmegen, where six random systematic core biopsies is the accepted standard The 

remaining cases were diagnosed in referring institutions The number of biopsies, the biopsy 

Gleason grades and pattern score were recorded in each case Tumor volume was estimated as 

the percentage of the total biopsy volume in 25% increments 
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Statistical analysis included the chi-square test for the comparison between two sample 

percentages and the comparison of a two-sample distribution by means of the Wilcoxon test 

for unpaired observations A probability (p) value less than 5% was considered as statistically 

significant 

Tabic I- Results of tumor multifocality in prostatectomy specimens 

Tumors per 
Patient 

1 

2 

3 

4 

5 

6 

7 

Totals 

No of patients 
(%) 

53 (33%) 

46 (29%) 

31 (19%) 

21 (13%) 

3 (2%) 

4 (3%) 

2 (1%) 

160 

Mean tumor 
volume (cm3) 

6 63 

122 

0 78 

0 57 

0 44 

0 29 

0 16 

161 

No of tumors 
with penetration (%) 

30 (57%) 

21 (46%) 

15 (48%) 

10 (48%) 

0 

2 (50%) 

0 

78 (49%) 

Mean Gleason 
score per tumor 

67 

58 

56 

55 

53 

59 

52 

58 

Mean number of 
histologic grades 

24 

17 

15 

16 

14 

13 

12 

17 

Results 

Tumor multifocality in prostatectomy specimens 

Table 1 reveals that prostate carcinoma is most often a multifocal disease In 160 prostates, 

375 separate lesions of adenocarcinoma were identified (mean 2 3 per patient) Only 53 

prostates (33%) contained a single tumor There was a clear association between increasing 

numbers of tumors per case and smaller tumor volumes 
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The mean tumor volume was 6 6 cm3 in cases with a single tumor, but this decreased to less 

than 0 5 cm3 in cases with more than four tumors 

Separate tumors observed in multifocal disease had a lower Gleason score (mean score 5 7), 

had less grade heterogeneity (mean 1 6 different grades per tumor) and were smaller (mean 0 8 

cm3) compared with prostates containing a single tumor (mean Gleason score 6 7, 2 4 different 

grades per tumor, volume 6 6 cm3) These differences were all statistically significant (p<0 05) 

When the entire prostatectomy specimen was considered, however, histologic grade and the 

degree of grade heterogeneity in prostates with multifocal tumors (mean Gleason score 6 1, 

mean number of grades per specimen 2 3) or with a single tumor were essentially similar 

(p=NS) In 73 (68%) of 107 prostates exhibiting multiple tumors, the index-tumor had a 

similar or higher Gleason score compared with the satellite tumors in the same specimen In the 

remaining 34 prostates, however, the satellite tumors displayed a higher grade than the index-

tumor, ten of which were poorly- or moderately differentiated whereas the index-tumor was 

moderately/well- or well-differentiated, respectively 

Grade heterogeneity in prostatectomy specimens 

The degree of grade heterogeneity in individual tumors is shown in Table 2 In only 29 

prostates (18%) did all cancer lesions consist of a single Gleason grade Considering separate 

tumors, 203 lesions displayed a single growth pattern (55%) Almost invariably, these tumors 

were small (mean volume 0 28 cm3), low- to intermediate-grade lesions Only eight high-grade 

tumors exclusively composed of one histologic growth pattern were found (mean volume 0 7 

cm3) Figure 1 shows the relationship between grade heterogeneity and tumor volume of 

separate lesions From this figure, it is clear that the frequency and extent of grade 

heterogeneity increase as tumors attain larger volumes Of particular interest is the group of 

tumors with volumes less than 1 0 cm3 It is apparent that considerable heterogeneity was 

present among these tumors 
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Table 2- Results of tumor heterogeneity in prostatectomy specimens 

Different histologic 
grades per tumor 

1 

2 

3 

4 

Totals 

No. of tumors 

(%) 

203 (55%) 

110(29%) 

42(11%) 

20 (5%) 

375 

Mean tumor 
volume (cm3) 

0.28 

1.39 

4 84 

9.39 

1.61 

No. of tumors 
with penetration (%) 

14 (7%) 

20(18%) 

27 (64%) 

17 (85%) 

78 (21%) 

Mean Gleason 
score per tumor 

5 6 

5.5 

7.0 

7.6 

58 

Figure 1- Histologic grade heterogeneity of tumors, grouped by tumor volume 

<0.2S 

Grade 
heterogeneity 

0.26--C0.5 0. 

• 1 grade 

• 3 grades 

K1.0 1.0-

D 2 grades 

Ξ4 grades 

>8.0 

Tumor volume (cm ) 
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Extracapsular growth 

The total number of 78 tumors penetrating the prostatic capsule had a larger volume (p<0 01), 

a higher Gleason score (p<0 01) and displayed more grade heterogeneity (p<0 01) compared 

with 297 non-penetrating tumors. In general, we could demonstrate a clear correlation 

between tumor volume or grade and frequency of capsular penetration (Table 3) Nearly all 

low- to intermediate-grade tumors and tumors with small volumes were confined within the 

prostate capsule Among the 258 tumors less than 1 0 cm3 in volume, however, 14 displayed 

penetration (5%) In addition, 30 of the 303 low- to intermediate-grade tumors (10%) 

penetrated the capsule Of note, among 237 carcinoma lesions of relatively low tumor volume 

(<1 0 cm3) and low histologic grade (pattern score <7), capsule penetration was present in nine 

tumors (4%) 

Among 107 prostates containing multiple, anatomically distinct tumor lesions, 38 showed 

penetration of carcinoma through the prostatic capsule In 25 cases, only the index-tumor 

penetrated the prostate capsule and in 7 cases, both the index- and satellite carcinoma lesion(s) 

extended beyond the prostate capsule In the remaining six cases (6%), however, the satellite 

tumors showed extracapsular growth while the index-tumor did not For these six cases, the 

features of the satellite tumors determined the pathologic stage of the prostatectomy specimen 

Table 3- Capsular penetration by 375 tumors stratified by histologic grade and tumor volume 

Penetration 

No /total (%) 

Gleason pattern score 

2-4 5-6 7-10 

0/56 30/247 

(0%) (12%) 

48/72 

(67%) 

<0 25 

7/187 

(4%) 

Tumor volume (cnV) 

0 25-<l 0 

7/71 

(10%) 

1 0-<2 0 

16/43 

(37%) 

>2 0 

48/74 

(65%) 
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Prostate biopsies 

The mean number of biopsies in each case was 5 7 (range 1-10) and the mean number of 

biopsies with carcinoma was 2 1 In 76% of the cases, a small portion of the biopsy was 

involved by adenocarcinoma (less than 25% of the biopsy volume) For 26-50% and 51-100% 

tumor involvement, these figures were 18% and 6%, respectively. The extent of tumor in 

biopsies and in prostatectomy specimens of the same patients seemed to correspond Less than 

50% biopsy involvement (N=150) corresponded to smaller tumor volumes (mean 3.5 cm3) in 

the prostatectomy specimens Similarly, biopsies that contained more than 50% of cancer 

(N=10) corresponded to larger tumor volumes (12 3 cm3) in the prostatectomy specimen. Due 

to the small sample size, however, these results were not statistically analyzed 

For the Gleason score, there was an exact concordance between the biopsy and the 

prostatectomy in 38% of the cases The biopsy grade underestimated the prostatectomy grade 

in 41% of the cases (e.g., biopsy Gleason score 5, prostatectomy Gleason score 6) and 

overestimated grade in 21% of the cases. More importantly, a poorly differentiated carcinoma 

present in the prostatectomy specimen (N=62) was not sampled by pre-operative biopsy 

specimens in 29 cases (47%) Similarly, in 8% of the prostatectomy specimens containing a 

moderately differentiated carcinoma (N=93), the biopsy specimens showed a well-

differentiated carcinoma It appeared that biopsy sampling error was greatest when the biopsy 

showed a samll, well-differentiated carcinoma. For example, in 77% of the patients who were 

diagnosed with a well-differentiated prostate carcinoma by biopsy (N=\3), the prostatectomy 

specimen revealed a moderately- or poorly differentiated carcinoma In contrast, when biopsy 

specimens contained a poorly differentiated carcinoma (N=31), only 11% of the prostatectomy 

specimens was well- or moderately differentiated In 122 cases in which less than 25% of the 

total biopsy volume was involved by tumor, 30 (25%) did not reveal a higher (clinically 

relevant) grade present in the resultant prostatectomy specimens, i.e. biopsy Gleason score < 7 

/ prostatectomy score > 7, or biopsy score < 5 / prostatectomy score 5-6 (Table 4). 
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When >25% of the biopsy specimen was involved by tumor (//=38), biopsies underestimated 

the prostatectomy score in 16% of cases (p=NS) 

Table 4- Effect of biopsy tumor mvolvement and number of biopsies on biopsy sampling error 

Biopsy tumor Number of Number of Number of 

mvolvement biopsies available grades m prostate tumors in prostate 

<25% >25% <6 >6 1 >1 1 >1 

Total 122 38 40 120 28 132 53 107 

Prostate GS >7, biopsy GS <7 23 6 10 19 0 29 4 25 

Prostate GS 5-6, biopsy GS <5 7 0 2 5 2 5 1 6 

GS Gleason pattern score 

The number of biopsies taken from each of the prostates also influenced biopsy grade accuracy 

(Table 4) When at least 6 biopsies were available from a prostate (N=120), 24 (20%) of the 

biopsy cases underestimated the prostatectomy grade, whereas this figure was 30% when less 

than 6 biopsies were taken from a given case (P=NS) 

Another explanation for sampling error by biopsy is multifocality and grade heterogeneity of 

prostate carcinomas (Table 4) Biopsies from prostates harboring a single lesion of carcinoma 

underestimated prostatectomy grade less frequently than biopsies taken from prostates with 

multiple tumor lesions (9% and 29% undergrading, respectively, p<0 05) Similarly, prostates 

containing a single histologic grade or grade heterogeneity showed a significant difference with 

respect to undergrading by biopsy (7% and 26%, respectively, p<0 05) Moreover, sampling 

error by biopsy did not occur when prostates contained a single focus of carcinoma that was 

exclusively composed of one histologic growth pattern (N=41) If, however, prostates showed 

multiple tumors of varying histologic grades (ЛНЭ1), biopsies underestimated the 

prostatectomy grade in as much as 32% of cases 
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Discussion 

This detailed morphologic analysis reveals several interesting findings concerning the biologic 

progression of prostatic adenocarcinoma Based on the work of McNeal et al 2, tumor 

volume, grade and aggressive phenotype are considered to be closely related If cancers only 

acquire the capacity to penetrate through the prostate capsule or metastasize as a function of 

increasing volume, early small tumors might not be expected to behave aggressively For this 

reason, in most reports that have described morphologic appearances of prostate cancer, the 

largest tumor m a given specimen has been selected as the index-tumor, while the possible role 

of additional smaller tumors had not been considered 2 Clearly, our results raise some doubt 

about the validity of this approach One third of the penetrating tumors in multifocal disease, 

for example, were not index-tumors More importantly, six tumors extended beyond the 

prostate capsule, influencing the pathologic stage, while the index-tumor in the same specimen 

remained confined to the organ Furthermore, m 10 prostates (9%), the satellite tumors were 

morphologically more malignant, according to the Gleason score, than the index-tumors in the 

same specimens Notably, capsule penetration also occurred in tumors of relatively low 

histologic grade or low tumor volume It is likely, therefore, that the ability of a tumor to 

become locally invasive is not only a function of its aggressive potential, but also of the 

topographical relationship between the tumor and the capsule Tumors that evolve near the 

prostate capsule may have a topographical advantage for penetrating the prostate capsule 

From these data we conclude that it is erroneous to assign all small carcinomas and all low 

Gleason score tumors to a biologically 'latent' group, the relevant clinical and tumor biological 

information can be obtained only by evaluating all of the tumors in a given case This is 

facilitated by the whole-mount approach, but at least requires submission of the entire 

prostatectomy specimen 
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The biological basis for the multifocality and heterogeneity of prostatic cancer remains 

controversial It is plausible that grade heterogeneity is the result of tumor mulifocality With 

the passage of time, tumor volume will increase This inevitably brings multifocal processes of 

varying grades closer together, finally culminating in the collision and fusion of lesions 

Consequently, the number of independent tumor foci would be reduced and grade 

heterogeneity and tumor volume increased This relationship between number of tumor foci, 

tumor volume and grade heterogeneity was clearly present in our series of cases We also 

found indirect evidence suggestive for this hypothesis In our study, individual tumors from 

multifocal disease were of relative low histologic grade and displayed only minimal grade 

heterogeneity, but the overall grade heterogeneity and histologic grade of all tumors from a 

given case was comparable to that found in prostates with single tumors Direct evidence that 

growth and fusion are important events for the evolution of grade heterogeneity may be 

obtained by the topographical distribution of grades within tumors3'6 Alternatively, cases with 

heterogeneity of grade may reflect the evolution of poorly differentiated areas from more well-

differentiated areas Since tumors consisting of both low- and high-grade areas were also found 

among the smallest tumor volumes, we assume that the emergence of poorly differentiated 

tumor areas can occur early in the progression of prostate cancer The end result of tumor 

progression and/or fusion of multiple tumors of varying grades is grade heterogeneity Once 

overgrowth of one component arising over another has occurred, the individual contributions 

of progression versus multifocality are almost impossible to determine 3,<i One approach to 

circumvent this problem is a longitudinal analysis of the progression of prostate cancer by the 

use of sequential biopsies, but these cannot take multicentricity into account6 

The availability of both prostatectomy specimens and prostate biopsies made it possible to 

study the prediction of histologic grade using pre-operative biopsies It is important for the 

initial biopsy grade to be representative of the prostatic malignancy when appropriate clinical 

decisions are to be made. 
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In 36 of 160 prostates, pre-operative biopsies failed to sample the tumor area critically 

representing the malignant potential of the tumor based on histologic grade. This is in 

agreement with previously reported results 8 Grading differences between prostatic biopsies 

and prostatectomy specimens have been suggested to be the result of grade heterogeneity9'10 

and tumor multifocality 6'10 Neither concept, however, has ever been subjected to detailed 

study From the results presented here, it is important to note that both grade heterogeneity 

and tumor multifocality in prostatectomy specimens significantly influenced the grade accuracy 

of biopsy cases We have also deduced that discrepancies between biopsy grade and grade 

obtained from the radical prostatectomy specimen can be explained by difficulties in 

appreciating either the tumor grade or its infiltrative nature in the biopsy This was especially 

difficult with small tumors and with the lower Gleason scores, in which greater grade error was 

found In addition, at least six prostate biopsies should be taken from each patient when the 

aim is to obtain a sample representative for histologic grade 

In conclusion, submission of entire radical prostatectomy specimens in patients with 

clinically localized adenocarcinoma demonstrates that grade heterogeneity is most closely 

related to tumor volume, that the largest (index) tumor lesion may not always be representative 

of the pathological stage, and that grading error in prostate needle biopsies is in part due to 

grade heterogeneity or tumor multifocality With respect to histologic grade, biopsy sampling 

error can be decreased by taking at least 6 biopsies in each case Detailed analysis of 

multifocality and heterogeneity revealed that prostate carcinoma is a complex disease 

It is unclear, therefore, whether important questions such as the natural history of prostate 

cancer are solved within the limitations of a morphologic analysis A more sophisticated 

approach to the analysis of how different tumor grades or locations of tumors in the same 

prostate are interrelated may be made possible by determination of molecular and genetic 

characteristics of separate tumors With current technological improvements, it is our hope that 

such data can be reliably obtained in the near future 
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Abstract 

Histologic grade and tumor volume are markers of malignant phenotype. More objective 

markers, however, have been sought for needle biopsy specimens The aim of this study was to 

evaluate how immunohistochemical expression of the potential prognostic markers E-cadherin 

and TP53 in biopsy specimens relates to the expression of these markers in prostatectomy 

specimens Therefore, we analyzed 47 prostatectomy specimens and their pre-operative biopsy 

specimens Fixation of surgical specimens and the immunohistochemical assay for both E-

cadherin and TP53 expression was optimized All paraffin blocks containing areas of 

carcinoma were submitted for immunohistochemical analysis The prevalence of abnormal p53 

immunoreactivity was only 11% In addition, abnormal TP53 expression was virtually 

restricted to cases that were already identified as having a poor prognosis on the basis of the 

large volume and the high-grade of their carcinomas In 28% of the cases, we found abnormal 

immunoreactivity for E-cadherin These cases revealed considerable heterogeneity in 

topographic distribution of abnormal expression 
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The level of sensitivity to detection of abnormal E-cadherin expression or abnormal TP53 in 

the prostatectomy specimen was 15% and 60%, respectively In view of the inherent 

heterogeneity of E-cadherin expression and the low prevalence of abnormal TP53 expression, 

we questioned the use of these markers for prognostic purposes in needle biopsy specimens 

Unless representative sampling by needle biopsy can be assured, the use of E-cadherin 

expression will be of most value in prostatectomy specimens 

Introduction 

Once prostate cancer has been diagnosed histologically, the prognosis of patients with this 

disease remains largely unclear Histologic grade is a commonly used tool for predicting the 

aggressiveness of prostate cancer. The prognostic power of histologic grade is sufficiently 

provided at either end of the differentiation spectrum ' Unfortunately, the majority of the 

patients have an intermediate-grade adenocarcinoma at the time of diagnosis, and these 

patients comprise a very heterogeneous group with respect to prognosis ' Many efforts focus 

on identifying objective molecular markers that can predict the clinical course of prostate 

cancer The detection of specific molecular changes associated with acquisition of metastatic 

ability by prostate cancer cells is clinically most relevant, because with metastases, a cure 

becomes difficult to achieve In combination with histologic grading, these molecular markers 

could then potentially be potentially be used to substage individual patients to definitive 

treatment recommendations. Key mechanisms in the multistep process that leads to the 

development of metastases are cell migration and proliferation 2 These involve changes in the 

expression of adhesion molecules or tumor suppressor gene products 2 E-cadherin has been 

shown to be of central importance for the establishment of epithelial adhesion, and aberrations 

in this component result in the acquisition of invasiveness3 

132 



Reduction or loss of E-cadherin-mediated adhesion in prostatic adenocarcinoma, assessed 

by immunohistochemical techniques, correlates with poor patient survival4 Accumulation of 

the TP53 protein also predicts poor survival in patients with prostatic adenocarcinoma 5 Point 

mutations in the p53 gene might generate mutant proteins with an increased half-life, which 

allows immunohistochemical detection 6 Thus, evaluation of E-cadherin and TP53 expression 

might be of clinical value for the assessment of prognosis If these markers can predict the 

metastatic potential of a cancer in prostate biopsy material, a more rational basis for the choice 

of treatment in individual patients with this disease might be possible In view of this, the use of 

these markers for prognostic purposes in needle biopsy specimens should be assessed. 

Therefore, we evaluated E-cadherin and TP53 expression in prostatectomy specimens and in 

their pre-operative needle biopsy specimens 

Materials and Methods 

Patients and tumor specimens 

This study comprised 47 consecutive prostatectomy specimens from patients with clinically 

localized prostate cancer (mean patient age, 66 years) Prostate cancer was clinically detected 

by abnormal findings during digital rectal examination (N=13), an elevated serum prostate-

specific antigen level (N=22), or an abnormal transrectal ultrasonographic examination (N=\2) 

None of these patients was diagnosed in a prostate cancer screening program All of the 

prostatectomies were performed on patients in whom no lymph node metastases was identified 

by frozen section diagnosis during the operation Immediately after surgical resection, the 

prostate specimens were fixed by microwave-stimulated formalin fixation 7 and subsequently 

cut into serial transverse 4-mra slices 
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By careful histologic examination of 4-μπι tissue sections, all of the areas representing 

adenocarcinoma were outlined clearly on a diagram documenting the anatomic distribution of 

prostate cancer Multifocality of carcinoma was defined as a minimum of 4 mm between any 

two malignant foci, in any direction This cutoff was based on the slice thickness Tumor 

volume was assessed as recently described * All tumors were histologically graded according 

to the Gleason system 9 Staging was performed with the tumor-node-metastasis (TNM) 

classification 10. All of the biopsy specimens were obtained less than 3 months before the 

prostatectomy by transrectal, ultrasound-guided, prostatic needle biopsy (15-mm length, 18-

gauge diameter) Thirty-four cases were diagnosed in the University Hospital Nijmegen, 

Nijmegen, The Netherlands, at which six random systematic core biopsy specimens is the 

accepted standard. The remaining cases were diagnosed in referring institutions, at least one 

directed biopsy was obtained from each suspicious hypoechoic region or prompted by 

abnormal findings during digital rectal examination Overall, the mean number of biopsy 

specimens taken from a given case was 5 4 (SD 1 8, range 1-8) Directly after the specimens 

were obtained, prostate tissue cores were fixed by immersion in a 10% formalin solution for 12 

hours 

Immunohistochemistry 

Immunohistochemical analysis for E-cadherin and TP53 was performed on serial 4-μιη slides 

cut from each of the tumor blocks present in a given case This type of analysis would clarified 

whether there was a significant degree of coexpression by the two proteins for the same 

carcinoma cells 

The immunohistochemical staining protocol for E-cadherin " and TP53 12 was carried out 

essentially as recently described Briefly, after incubation with the primary antibody at 4°C 

overnight, sections were incubated for 30 min with a 1 200 dilution of biotinylated horse anti-

mouse (Dako, Santa Barbara, CA) 
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The slides were then washed, incubated with a 1.50 dilution of avidin-biotin complex (Vector 

laboratories, Burlingame, CA) for 45 min, washed and reacted for 10 min in the dark with 

0 01% 3-3' -diaminobenzidine (Sigma, St Louis, MO) in phosphate-buffered saline containing 

0 01% hydrogen peroxide The immunostained sections were counterstained with hematoxylin. 

For E-cadherin, a monoclonal antibody clone HECD-1 (Takara, Berkeley, CA) at a dilution of 

1 50 was applied To optimize the immunohistochemical assay for TP53, we evaluated the 

antibodies clones Pab 122, Pab 240, Pab 246, Pab 1801, DOl, D07 and BP53-12 

(Neomarkers, Fremont, CA). Each of the seven different TP53 markers and combinations of 

these seven different TP53 markers were tested in three different dilutions (1 25, 1 50, 1 100) 

As test specimens for the quality of TP53 staining, we randomly selected one paraffin block 

from six different prostatectomy specimens from our series These blocks contained regions 

both of carcinoma and of normal prostatic epithelium. Immunoreactivity for TP53 was present 

only with clones BP53-12, Pab 1801, D07, and DOl Given staining specificity and intensity, a 

cocktail of DOl and D07, each at a dilution of 1100, proved optimal For TP53, a negative 

and positive control was run in every batch 

Evaluation of E-cadherin and TP53 expression 

For E-cadherin, non-malignant epithelium present in areas of carcinoma was used as an internal 

positive control Here, discrete staining should be present at cell-cell contacts only The 

presence of an aberrant (apical, basal or cytoplasmic) location of E-cadherin staining or 

negative staining in more than 10% of the carcinoma cells was classified as abnormal 

Abnormal staining, on the basis of this cutoff, proved to correlate with adverse patient 

prognosis in a retrospective study4 In all other cases, carcinomas were scored as normal. 

Immunostains for TP53 were scored according to the percentage of stained nuclei We first 

decided how many nuclei to count in each tumor block to obtain a representative sample 
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By calculating the running mean of TP53-positive nuclei in blocks from six different cases 

(Figure 1), we concluded that we should count at least 300 nuclei Expression of TP53 was 

considered as abnormal when at least 15% of the carcinoma cells showed nuclear staining We 

chose this cutoff because it was illogical to consider a percentage of the positive-staining cells 

as abnormal when the same percentage of positive cells could be found in benign tissue. In our 

series of 47 specimens, 6 6% of the non-neoplastic nuclei revealed TP53 expression (SD 3 4%, 

range 1 7-15%) Carcinomas with either abnormal E-cadhenn or abnormal TP53 expression 

were designated as diffuse abnormal if abnormal expression was present in a diffuse, 

intermingled pattern throughout the entire tumor, or ÍS focal abnormal if abnormal expression 

was present in the minority of the tumor cells concentrated in a small focus 
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Figure 1- Running mean of TP53-expressing tumor nuclei in six different prostatectomy specimens 

136 



Table 1- Prostatectomy specimens exhibiting abnormal E-cadhenn or TP53 expression by 
immunohistochemical analysis 

Case 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Tumor 

a 

a 

b 

a 

b 

с 

d 

a 

a 

a 

b 

с 

a 

a 

a 

b 

с 

a 

a 

b 

a 

a 

a 

Tumor volume 

(cm3)/Gleason score 

32 0/9 

141/8 

4 16/6 

177/5 

0 60/5 

0 24/5 

0 21/5 

10 5/8 

6 21/8 

0 24/6 

0 24/6 

0 04/6 

2 66/8 

3 59/5 

1 64/4 

0 90/5 

133/7 

0 72/6 

2 28/8 

0 11/6 

7 98/8 

10 1/8 

2 55/8 

E-cadherin expression 

Prostatectomy Biopsy 

specimen 

DA 

FA 

FA 

DA 

FA 

A-

A-

DA 

DA 

FA 

A-

A-

DA 

FA 

FA 

A-

A-

A-

FA 

DA 

DA 

DA 

FA 

specimens 

A+ 

A-

A-

A-

A+ 

A-

A-

A-

A-

A-

A-

A-

A-

A-

TP53 expression 

Prostatectomy 

specimen 

DA 

A-

A-

A-

A-

A-

A-

DA 

A-

A-

A-

A-

DA 

A-

A-

A-

A-

DA 

A-

A-

A-

A-

FA 

Biopsy 

specimens 

A+ 

A-

A-

A-

A-

A-

A+ 

A-

A-

A+ 

A-

A-

A-

A-

Abbreviations A-, Normal, A+, abnormal, FA, Focal Abnormal, DA, Diffuse Abnormal 
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Results 

Heterogeneity ofE-cadherin expression 

In all of our cases, membranous E-cadherin staining was localized uniformly at the intercellular 

borders of histologically normal epithelial cells present in needle biopsy and prostatectomy 

specimens Thirteen prostates (28%) were scored as abnormal for E-cadherin These cases 

comprised a total of 22 carcinomas, 16 of which had abnormal E-cadherin expression (Table 

1) Of these, eight carcinomas were designated us focal abnormal One of these cases (case 

14) is illustrated in Figure 2a-b The remaining eight carcinomas were scored as diffuse 

abnormal In addition to heterogeneity in topographical distribution of abnormal E-cadherin 

expression within a given carcinoma, the expression could also vary among foci of carcinoma 

within a prostate (inter-tumoral heterogeneity) Five prostates, for example, were scored as 

abnormal for E-cadherin and harbored multiple, anatomically distinct lesions of carcinoma Of 

these, two prostates showed abnormal E-cadherin expression in all foci of carcinoma present in 

the gland Three prostates, however, displayed abnormal E-cadherin expression in some but 

not all foci of carcinoma in the same prostate The relationship of E-cadherin expression to 

tumor grade and pathologic stage is shown in Table 2 

Heterogeneity of TPS3 expression 

Five prostatectomy specimens (11%) revealed abnormal TP53 expression (Table I) All of 

these cases harbored a single focus of carcinoma Four carcinomas had tumor volumes larger 

than 2 5 cm3 and were of high-grade (> Gleason score 7) Of note, in four of 5 cases, there was 

coexpression of abnormal TP53 and E-cadherin expression for the same carcinoma region One 

of these cases (case 14) is shown in Figure 2c-d Table 2 shows the relationship of TP53 

expression to tumor grade and pathologic stage 
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E-cadherìn and TPS3 expression in prostate biopsies 

The sensitivity of biopsies to provide samples of abnormal E-cadherin expression from a given 

prostate was only 15%. This figure was 29% when the aim was to sample abnormal E-cadherin 

expression and/or abnormal TP53 expression from the prostate (Table 3). The low sensitivity 

may be the result of the previously described heterogeneity in topographic distribution of 

abnormal E-cadherin expression (Table 1). Eight carcinomas, for example, revealed a small 

focus of abnormal E-cadherin expression, but none of these foci was detected by biopsy. One 

of these cases is illustrated in Figure 2. Similarly, abnormal E-cadherin expression present in a 

prostatectomy specimen was not detected by biopsy in five prostates with multiple, 

anatomically separate foci of carcinoma. 

Biopsies detected abnormal E-cadherin expression in only two (33%) of 6 cases without any 

heterogeneity in topographic distribution of abnormal E-cadherin expression. For TP53 

expression, for which only one prostate revealed intratumor heterogeneity, the sensitivity of 

the biopsy to detect abnormal TP53 expression in the prostate was 60%. 

Table 2- Relationship of E-cadherin and TP53 expression to tumor grade and pathological stage 

E-cadhenn expression TP53 expression 

Normal Abnormal Normal Abnormal 

N(%) N(%) N(%) N(%) 

Gleason score 

2-4 3 (100) 

5-6 28 (90) 

7-10 2(15) 

Pathological stage 

T2 26 (87) 

T3 7(41) 
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0 (0) 3 (100) 0 (0) 

3(10) 30(97) 1(3) 

11(85) 9(69) 4(31) 

4(13) 29(97) 1(3) 

10 (59) 13 (76) 4 (24) 
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Figure 2- Photomicrographs of immunohistochemical stains in prostatic tissue from Case 14. A. 
abnormal E-cadherin staining (arrow, origin magnification, 20x). B. higher magnification of an area 
with abnormal E-cadherin expression (arrow, original magnification, 200x), compared with adjacent 
epithelium with discrete cell-cell staining only. C. TP53 staining (arrow, original magnification, 20x). 
D. higher magnification of an area with abnormal TP53 expression (arrow, original magnification, 
lOOx). Note that both stainings (A,C) reveal a small area of abnormal E-cadherin and TP53 expression 
in the same tumor cells (arrow), designated as focal abnormal 

Discussion 

Recently, new potential molecular markers for predicting the aggressiveness of prostate cancer 

have been identified . We extended the study of the clinical usefulness of the potential 

prognostic markers E-cadherin and TP53 when applied to specimens obtained by needle 

biopsies. 
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A previous study showed that E-cadherin immunohistochemical analysis using conventionally 

fixed tissue from prostatectomy specimens was often unreliable due to formalin fixation and 

autolytic artifacts7 For this reason, it is probable that almost all previous studies of E-cadherin 

expression in prostatectomy specimens were performed with fresh-frozen tissue samples that 

represented only a fraction from the entire gland In the currently presented study, therefore, 

we use a modified method for fixing prostatectomy specimens 7. This method combines 

injection of formalin into the prostate at multiple sites and microwave-stimulated heating of the 

specimen to 50°C With use of this modified fixation protocol, immunohistochemical stains on 

paraffin tissue blocks equal those on frozen sections7 Prostate biopsy specimens were fixed by 

immersion in a 10% formalin solution for 12 hours, rather than by microwave irradiation. 

Immunoreactivity for E-cadherin will not be adversely influenced if small specimens, such as 

those obtained by biopsies, are fixed immediately and for a short period of time 7 Thus, 

although biopsy and prostatectomy specimens were fixed using different methods, we think 

that immunohistochemical results between the specimens could be compared In addition, areas 

of carcinoma could only be scored as abnormal for E-cadherin if the non-malignant epithelium 

stained normal in the same area, i.e., there was an internal positive control for the quality of the 

staining Immunoreactivity for TP53 has been shown to be more resilient to different fixation 

protocols7 

We found abnormal E-cadherin expression in 28% of the specimens, whereas a previous 

study reported 47% 4 This discrepancy may be explained by differences in tumor stage and 

grade composition of the study population In our study, for example, only 28% of the cases 

had a high-grade carcinoma and 36% of the cases had a T3 tumor (locally advanced disease) 

These figures were 43% and 48% in the study of Umbas et al, respectively4 

Heterogeneity seems to be inherent to prostatic adenocarcinoma, this can be inferred from 

other types of analysis, such as histologic grade e, p53 mutations 12 , DNA ploidy 13 and 

detection of allelic imbalance u 
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Therefore, the observation that some cases reveal marked heterogeneity in topographic 

distribution of abnormal E-cadherin expression was not surprising Because of the poor 

prognosis of patients with areas of abnormal E-cadherin expression in their prostatic 

carcinomas 4, such areas should not be missed by biopsy sampling In view of the observed 

heterogeneity, however, the low sensitivity for detecting abnormal E-cadherin expression by 

biopsy is expected but alarming Four cases, for example, had abnormal E-cadherin expression 

and abnormal TP53 expression, emphasizing the importance of the choice of area to be 

sampled by biopsy The biopsy specimens failed to reveal abnormal expression in two of these 

cases Prostatectomy specimens without any heterogeneity in topographical distribution of E-

cadherin or TP53 expression that were still scored as normal by biopsy indicate that there 

might also be other explanations for sampling error The presence of only a small amount of 

tumor in a biopsy sample, for example, makes interpretation of an aberrant marker expression 

more difficult The number and quality of biopsies taken from a given case might also adversely 

influence results Six random systematic core biopsies is considered to be the accepted 

standard of sampling the prostate '5 Thus, some of the prostates in this series were 

suboptimally sampled, because less than six biopsy samples were obtained In addition, 

presurgical biopsy specimens taken from the prostate should be 15 mm in length I5 In 300 

biopsy samples randomly selected from our archival material from 1995 to 1997, the average 

length was 8 4 mm (SD 3 3 mm, range 2-15 mm ) 

Only one of our cases had intratumoral TP53 heterogeneity In view of the heterogeneity in 

topographical distribution of the mutant p53 allele that another study noted 12, we realize that 

the sensitivity of biopsies to the detection of TP53 abnormality as calculated in our study might 

be overestimated Possible explanations for the disparity in the frequency of TP53 

heterogeneity between different studies include differences in patient populations (tumor 

grade/stage) and in methods of detection (mutation analysis/immunohistochemical analysis) 
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Table 3- Clinical value of normal and abnormal E-cadhenn and TP53 expression in biopsy specimens 

E-cadhenn TP53 E-cadhenn and/or 

expression (%) expression (%) TP53 expression (%) 

Sensitivity 15 60 29 

Specificity 97 98 97 

Positive predictive value 67 75 80 

Negative predictive value 75 95 76 

Alterations in TP53 expression seems to be of low prevalence (11%) and to be more common 

with increasing tumor stage ' In our series, four of 5 cases with abnormal TP53 expression 

revealed large volume (>2 5 cm3) high-grade adenocarcinomas (Gleason score > 7), thought to 

represent a poor prognosis ' Therefore, the additional prognostic value of TP53 protein 

accumulation in these cases is likely to be limited ' 

In conclusion, in view of the inherent heterogeneity of E-cadherin expression and the low 

prevalence of abnormal TP53 expression, we questioned the use of these markers for 

prognostic purposes in specimens obtained by needle biopsy This seems not to be a deficiency 

in the prognostic marker itself, but rather a reflection of the complexity of prostate cancer 

biology It is likely that improvement of sampling of prostatic adenocarcinomas will be 

facilitated by better imaging techniques or modified biopsy strategies Unless representative 

sampling by needle biopsy can be assured, the use of both E-cadherin and TP53 expression will 

be of most value in prostatectomy specimens 
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Abstract 

Sampling error is an inherent problem of prostate biopsy Consequently the determination of 

whether a given carcinoma is clinical significant based on biopsy results is problematic We 

assess the dimensions of sampling error and, thereby, provide insight into the potential value of 

prognostic markers applied to needle biopsies We constructed three-dimensional computer 

models of 21 prostatectomy specimens, including outlines of carcinomas, regions of abnormal 

E-cadhenn expression and of individual Gleason patterns The six random systematic core 

biopsy technique and modifications were simulated using a computer algorithm In 6 of 21 

cases the area of abnormal E-cadhenn expression and/or high-grade carcinoma was not 

sampled on six random systematic core biopsy The areas missed were either small or 

inconsistently undersampled regions of the prostate Modifying the placement of biopsy 

needles improved the detection of these features In addition, percent tumor m the needle 

appeared to be well correlated to percent tumor in the prostate (r = 0 891, r2 = 0 642) To 

avoid underestimating the aggressiveness of prostatic carcinoma at least 6 biopsies should be 

taken from each patient 
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A more extensive sampling of prostates is probably not warranted in all patients, but may 

prove useful in those in whom the extent of disease is unclear or whose general health makes 

treatment decisions difficult A reliable estimate of tumor volume in the prostatectomy 

specimen can be made based on relative amount of tumor in the biopsy specimen on an 

individual basis. 

Introduction 

Once prostrate cancer has been diagnosed histologically, choice of treatment is based mainly 

on clinical data and characteristics of the tumor obtained by needle biopsy Histologic grade 

and tumor volume are commonly used tools for predicting the aggressiveness and extent of 

prostate cancer However, previous studies have shown that needle biopsies missed a high-

grade tumor component present in 50% of prostatectomy specimen \ Prediction of prostate 

cancer volume based on the amount of cancer present in needle biopsies has also been difficult 

Most studies found some correlation w , but were unable to predict prostate cancer volume on 

an individual basis In view of this difficulty more reliable objective markers of malignant 

phenotype have been sought 

E-cadherin is a protein of central importance for the establishment of epithelial adhesion4 

This protein is of particular interest as a prognostic marker in many types of carcinomas, since 

aberrations in this determinant result in the acquisition of invasiveness4 For example in breast, 

bladder and prostate cancer reduction or loss of E-cadherin mediated adhesion, assessed by 

immunohistochemistry, correlates with poor patient survival 5'7 Unfortunately, the goal of 

accurate pretreatment assessment of E-cadherin expression by biopsy has proved elusive 
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The sensitivity of detecting abnormal E-cadherin expression by prostate biopsy in a series of 47 

cases was only 15% * This low figure was believed to be at least in part due to the 

heterogeneity in topographical distribution of aberrant immunoreactivity and difficulties in the 

interpretation of the small amounts of tumor obtained by biopsy8. 

In addition, the limited number of biopsies in some of the cases studied has further 

precluded accurate detection Although six random systematic core biopsies (SRSCB) are the 

accepted standard for sampling the prostate 9, some institutions take less than six or exclusively 

sample the region suspected for cancer based on ultrasound Considering the potential 

implications for patient management biopsies should comprise a representative sample, no 

matter what prognostic feature is being evaluated Therefore, it is important to understand how 

the number of biopsies and biopsy technique might influence sampling This influence is 

difficult to assess in a clinical setting because virtually no patient extensively and repeatedly 

undergoes biopsies with time 

This limitation provides a rationale for computer simulation of the problem The major 

advantage of computer simulation is that a large number of mathematical biopsies can be taken 

from each individual prostate model Thus, we can directly assess the contribution of sampling 

error to the results Furthermore, by varying the position of the biopsies, improved strategies 

for biopsy placement in human patients can be developed We used computer models of 21 

prostatectomy specimens containing carcinomas with known degrees of E-cadherin 

heterogeneity to evaluate directly the contribution of sampling to detection of a biomarker 
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Materials and Methods 

A total of 21 specimens with abnormal E-cadhenn expression were included m our study, from 

102 consecutive patients with clinically localized prostate cancer who underwent radical 

prostatectomy from 1995 to 1996 Transrectal ultrasound guided prostate needle biopsy using 

a 15mm long, 18 gauge diameter needle was performed less than 3 months before radical 

prostatectomy There were 11 cases diagnosed at the Academic Hospital Nijmegen, where 

SRSCB is the accepted standard, and the remaining were diagnosed at referring institutions 

Immediately after surgical resection prostate specimens were fixed by microwave stimulated 

formalin fixation 10 and subsequently cut into serial transverse 4 mm slices 

Immunohistocherracal staining for E-cadhenn was performed on each tumor block 8, and 

sconng of the stained sections was performed essentially as described recently 8 Each 

architectural pattern of carcinoma present was assigned a pattern score based on the Gleason 

system " Areas of abnormal E-cadhenn expression and each Gleason pattern were outlined on 

the covershps of slides using different colors 

Computer modeling of the prostate gland- For each prostatectomy specimen 2 separate maps 

were prepared using the marked slides The first sheet was a map of abnormal E-cadhenn 

areas The second map contains outlines of different Gleason patterns, boundanes of the 

prostatic capsule and the position of the urethra drawn on the same prostate outline as in the 

first Both maps are scanned and converted into bit maps, which were used to create 2 separate 

computer models, using a voxel based technique as previously desenbed n Using these 

reconstructed models of the prostate gland vanous morphometnc analyses were performed 

including the calculation of gland volume, aggregate and individual tumor volumes, volume of 

abnormal E-cadhenn expression, multifocality and percentage composition of Gleason pattern 

scores in each carcinoma 10 
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Simulation of needle biopsies- We have developed 4 separate algorithms to simulate needle 

biopsies Each algorithm searches for 6 biopsy sites on the posterior surface of the prostate A 

biopsy site is defined as a 10 mm circular region from which a single mathematical needle 

biopsy is taken All 'needles' are simulated as 18 gauge, 15 mm long, and all biopsies are 

taken at a 45 degree angle with respect to the rectal surface 

Using SRSCB (Technique 1) biopsy sites 1, 3 and 5 are 1, 2 and 3 cm cephalad from the 

apical junction of the urethra in the middle of the lobe, respectively Sites 2, 4 and 6 are in the 

contralateral lobe, equidistant from the prostate middle groove (Figure la, c) 9 Using a 

modified SRSCB (Technique 2) the entire length of the prostate is divided into 3 equal 

sections, representing the apex, middle and the base on the longitudinal plane Biopsy sites 1, 3 

and 5 are at the caudal third of each section in the middle of the lobe. Sites 2, 4 and 6 are on 

similar locations of the contralateral lobe, equidistant from the prostate middle groove (Figure 

lb, c) 

We also studied a variation of techniques 1 and 2 in which biopsies were taken at two-thirds 

of the distance between the middle groove and the lateral border of the prostate This approach 

tends to sample preferentially more lateral aspects of the prostate These techniques are 

referred to as SRSCB-altemate (Technique 3) and Modified SRSCB-altemate (Technique 4), 

respectively (Figure Id) 

Statistical analysis was performed with computer software using paired t test and Fisher's 

exact test Linear regression analysis was used to test for correlation between percent tumor in 

needle and percent in the prostate, percent abnormal E-cadherin expression in needle and 

percent in the prostate, and percent high-grade tumor in needle and percent in the prostate 
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Figure 1- Scheme of different biopsy techniques. A, longitudinal plane of SRSCB (Technique 1). 
B, longitudinal plane of Modified-SRSCB (Technique 2). C, transverse plane of Techniques 1 and 2. 
D, transverse plane using the Alternate techniques (Techniques 3 and 4) 
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Table 1- Results of the four different biopsy techniques using sensitivity to sample the highest grade of 
adenocarcinoma or abnormal E-cadhenn expression in a given case 

technique 1 technique 2 technique 3 technique 4 

% sensitivity to detect abnormal 71 81 81 67 

E-cadherin expression 

% sensitivity to detect 86 90 95 86 

high-grade carcinoma 

Results 

Mean patient was 60 years (range 48-71 years) Mean prostate gland volume and mean tumor 

volume determined from the 3-dimensional computer models were 29 8 cm3 (range 14 7-75 7 

cm3) and 7 6 cm3 (range 1 25-43 32 cm3), respectively. There were five intermediate grade 

(Gleason score 5 to 6) and 16 high-grade (Gleason score or greater) specimens All specimens 

had multiple Gleason grades Mean number of tumors per prostate was 2 7 (range 1 to 10) 

The average number of presurgical biopsies was 5 3 (range 2 to 9) 

All 4 biopsy techniques detected tumor in the 21 cases Table 1 shows the sensitivity of 

detecting abnormal E-cadherin expression or the highest grade using the different biopsy 

techniques Overall, technique 3 (SRSCB-Altemate) had a better detection rate than the 

others However, there was no statistical difference among the 4 techniques in detecting tumor, 

abnormal E-cadherin expression or highest grade (p>0 05) 

To evaluate how simulated and presurgical biopsies differ in detection accuracy we 

randomly sampled as many biopsies from the left and right side by SRSCB as there were 

presurgical biopsies The sensitivity to detect abnormal E-cadherin expression was 20% in 

presurgical biopsies, whereas it was 40% in computer models For the highest tumor grade 

these rates were 74% and 47%, respectively 
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However, when the SRSCB method was performed in all 21 computer models the sensitivity 

of detecting abnormal E-cadherin expression and high-grade tumor improved considerably, to 

71% and 86%, respectively The characteristics of the 6 cases in which abnormal E-cadherin 

expression and/or high-grade tumor were not sampled by SRSCB are shown in Table 2 

Table 2- Volume (cm3) and position of high-grade tumor (Gleason grade 4 or 5) and abnormal 
E-cadherin expression not sampled by simulating SRSCB 

Case 

3 

6 

8 

9 

13 

21 

number 

of tumors 

10 

2 

1 

3 

2 

2 

number 

of grades 

3 

2 

3 

2 

2 

4 

total tumor 

volume 

3 12 

125 

6 91 

4 45 

3 20 

9 69 

volume high-

grade tumor 

0 08 

139 

position high-

grade tumor 

PPZ 

APZ/TZ 

volume abnormal 

E-cadhenn expression 

190 

0 16 

0 30 

044 

0 58 

2 29 

position abnormal 

E-cadhenn expression 

far laterally in APZ, 

medially 

TZ 

APZ/PPZ 

TZ 

PPZ 

PPZ/TZ 

PPZ postenor peripheral zone, APZ anterior peripheral zone, TZ transition zone 

Performing six additional biopsies using technique 4 resulted in accurate sampling of abnormal 

E-cadherin expression in cases 8 and 21 Additional biopsies using technique 2 and 3 resulted 

in detection of 3 previously undetected areas with abnormal E-cadherin expression (cases 8, 13 

and 21 and 9, 13 and 21, respectively) Consequently with 2 sequential rounds of 6 biopsies 

sensitivity to sample abnormal E-cadherin expression could be increased from 81% to 86% 

(Table 3) No undergrading occurred after a repeat set of biopsies using SRSCB in 

combination with technique 2 or 3 In some cases biopsies were still not representative for the 

features present in the models even after 2 sets of biopsies were taken 
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Tabic 3- Biopsies in addition to SRSCB techniques (technique 1) and effects on sensitivity to sample the 
highest grade of adenocarcinoma or abnormal E-cadhenn expression in a given case 

Technique 

1 1 plus 2 1 plus 3 1 plus 4 

% sensitivity to detect abnormal 71 61 86 81 

E-cadherin expression 

% sensitivity to detect 86 100 100 95 

high-grade carcinoma 

Therefore, multiple samples were then taken randomly from SRSCB sites to learn how many 

biopsies would have been necessary to detect these areas in a given case For example in case 

6, 0 16 cm3 of abnormal E-cadherin expression in the transition zone was detected after 56 

samples were taken from the model Convergence on an accurate number appeared to be 

approximately 25 biopsies in case 8 to detect 0 30 cm3 abnormal E-cadherin expression in the 

peripheral zone 

Figure 2 shows a scatter plot for the percent tumor in the prostate as a function of the 

percent in the needle biopsy using SRSCB (technique 1) Linear regression analysis on this 

data set indicates that the percent tumor in the needle biopsies is well correlated to the percent 

in the prostate (r = 0 74, r2 = 0 535) If case 5 was excluded from the analysis (point 

highlighted on Figure 2), the coefficient was even higher (r = 0 891, r2 = 0 642) This particular 

case is an exceptional example of a large amount of tumor on biopsy sampled from a relatively 

small cancer in the prostate, and is not representative of our study group Similar analysis on 

the percent abnormal E-cadherin in the needle as a function of the percent in the gland revealed 

that these variables are also well correlated (r = 0 738, r2 = 0 70), as are the percent high-grade 

in the prostate as a function of the percent in the needle biopsy (r = 0 67, r2 = 0 639) 
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% tumor involvement of total biopsy volume 

Figure 2 Scatter plot of amount of cancer in the computer model (%) as function of percent cancer in 
biopsy specimen, including all 21 cases Point · was removed from regression analysis 
(line coefficient = 0 891, r2 = 0 642) 
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Discussion 

There are several explanations for the discrepancies between results obtained by presurgical 

biopsies and those by computer simulation of SRSCB All prostatic carcinomas contain varying 

proportions of stroma and nonmalignant epithelium. Therefore, the area outlined on the 

coverslip of the slide will almost always overestimate the actual tumor volume Thus, computer 

simulated SRSCB shows a higher detection rate of carcinoma compared to presurgical 

biopsies Difficulties in the interpretation of the small volume obtained by presurgical biopsy 

may preclude detection of aggressive areas Using the simulated biopsy technique all samples 

have a standard length (15 mm ) and diameter (18 gauge) Presurgical biopsies are taken from 

the prostate with the intention to obtain similar dimensions However, the average length was 

8 4 mm (standard deviation 3.3 mm, range 2 to 15 mm ) in 300 biopsies that we randomly 

selected from our archival material from 1995 to 1997. Thus, the quality of presurgical 

biopsies is not always optimal, which might explain the higher detection rates of abnormal E-

cadherin expression by simulated SRSCB 

Likewise, because abnormal E-cadherin staining is associated with high-grade prostate 

cancer 1Э discrepancies in detection of high-grade tumor were anticipated Paradoxically, 

presurgical biopsies provided a more accurate sampling than simulated SRSCB An 

explanation for this observation is that, in a clinical setting, needles are inserted at sites thought 

to provide what the ultrasonographer believes to be optimal needle distribution This selection 

favors the biopsy of hypoechoic regions but does not necessarily assume uniform sampling of 

the gland Morphologically, with increasing tumor grade the ratio of epithelium to stroma 

increases in tumors compared to surrounding nonmalignant prostate tissue 12 This change in 

ratio might explain the hypoechoic appearance of high-grade tumors on ultrasound, whereas 

low and intermediate grade cancers remain relative iso-echoic. 
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Consequently, sampling of hypoechoic lesions might result in better detection of high-grade 

carcinoma by presurgical biopsies compared to a similar number of simulated biopsies that are 

taken randomly from the same prostate 

With respect to tumor volume Cupp et al concluded that volume of carcinoma in a biopsy 

could not predict reliably the quantity of cancer in the prostatectomy specimen on an individual 

basis However, this syudy and others compared relative tumor volumes in the biopsy to 

absolute cancer volumes in the prostatectomy specimen ''3 In our study percent involvement 

of the biopsy specimen and percent tumor in the prostate relative to the gland volume was used 

for analyses This correlation revealed a high regression coefficient Consequently, by 

multiplying prostate volume based on ultrasound 14 and relative amount of tumor in the biopsy, 

we believe that the tumor volume can be estimated reliably on an individual basis A similar 

strong correlation was observed for percent abnormal E-cadherin expression/high-grade tumor 

in the prostate as a function of the relative amount in needle biopsies 

In almost half of the patients less than 6 presurgical biopsies were taken from the prostate 

Clearly, this number of biopsies could seriously underestimate the composition of the tumor Our 

findings suggest that the ability of needle biopsies to portray accurately the composition of a 

prostate may largely depend on the extent of gland sampling Although we also calculated the total 

number of biopsies required to sample a given area of the prostate, it was by no means the intention 

to recommend such a strategy be adopted in urologica] practice The only reason to reveal these data 

was to clarify the degree of inaccuracy that could exist using needle biopsies However, even if the 

accepted standard of 6 randon systematic core biopsy had been performed in all cases, biopsy 

and prostatectomy findings would have been much more concordant Our study also emphasizes 

the usefulness of a repeat set of biopsies Some cases harbor only small areas of abnormal E-

cadherin expression/high-grade tumor (less than 0 10 cm3) 
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In addition, the heterogeneity in topographical distribution of abnormal E-cadherin expression 

or of high-grade carcinoma areas present in the majority of cases is another justification for 

more extensive pre-treatment sampling 1,e 

If additional biopsies are directed towards areas suspected on ultrasound (either hypoechoic 

or those that might influence pathological staging) or consistently undersampled regions of the 

prostate, sampling error should decrease The regions undersampled by SRSCB are the medial 

and extreme lateral as well as the transition zone Changing the biopsy strategy to a more even 

cephalid/caudal (technique 2) or a more lateral (technique 3) distribution resulted in better 

detection of high-grade carcinoma and abnormal E-cadherin expression However, combining 

these two modifications (technique 4), which would preferentially sample the lateral aspects of 

the prostatic base, yielded no improvement While additional studies may be required, it 

appeares that modification of the SRSCB technique can provide enhanced prognostic 

performance 

In conclusion, sampling of prostatic carcinomas by needle biopsy is prone to error related to 

sampling constraints Percent involvement of the prostate is closely correlated to percent 

involvement of needle biopsies However, while a minimum of 6 biopsies provides reasonable 

accuracy in most cases, in others extensive biopsies or modification of needle placement would 

be necessary for prognostic accuracy Continued study will be required to provide definitive 

recommendations that can be used to improve clinical practice Applications of these modified 

biopsy strategies are not yet warranted in all patients, but may prove useful for those in whom 

the extent of disease is unclear or whose general health or desire to maintain continence and 

potency make treatment decisions difficult 
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Abstract 

To analyze the origin of multifocal prostate cancer lesions, radical prostatectomy specimens 

from 17 patients were examined. As a marker of genetic lineage, the allelotype based on 33 

microsatellite loci was compared between the different tumors present in a given case. 

Some results provide evidence suggestive for a clonal origin of multiple tumors in a subset 

of the prostates. In 5 cases, for example, comparison of multifocal tumor lesions within a given 

case revealed at least 2 concordant changes in alleleic imbalance (AI) sequence dosages at 

different loci. In addition, considerable heterogeneity of allelotype was found within and 

among tumor foci of a given case. In 5 of the 6 tumors analyzed for intratumor heterogeneity, 

for example, more than 5 discordant AI changes were found in one tumor region but not in the 

other. Conclusions regarding clonality of such heterogeneous lesions are difficult to draw. A 

high frequency of AI changes in four lesions exhibiting prostatic intraepithelial neoplasia (mean 

6.5 changes/lesion, range 3-6) was found as compared to 8 primary tumors present in the same 

cases (mean 5.8 changes/lesion, range 3-6). The interpretation of AI associated with clinically 

detected prostate cancer remains a highly complex issue. 
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The fact that no clear evidence was obtained for either a clonal or a поп-clonal origin of 

multiple lesions in a given prostate indicates that several different mechanisms are likely to 

operate in establishing the allelotype, and that additional evidence from unique mutations or 

selective gene inactivation may be necessary to obtain definite results. 

Introduction 

The vast majority of the prostates resected for clinically localized prostate cancer show 

multiple tumors and high-grade prostatic intraepithelial neoplasia (PIN) lesions '"3. Genetic 

changes have been found to vary substantially within and among tumor foci of a given case, 

suggesting the possibility of non-clonal development ^7. All of these studies, however, did not 

try to assess clonality in detail by analyzing all of the tumor components in a given case using 

multiple markers. Mechanisms leading to non-clonal origins could include either completely 

independent, genetically unrelated events, or a 'field effect' whereby a carcinogenic insult 

results in the independent transformation of a field of epithelial cells 8. An alternative 

explanation, however, is that only one transforming event occurred and that the progeny of a 

single transformed cell spread through the prostate, giving rise to topographically distinct but 

genetically related tumors. One additional explanation is that a germ-line genetic alteration 

occurs that predisposes a given patient to prostate cancer multifocality. To date, there is no 

agreement as to which of these mechanisms are operative in human prostate cancer. In addition 

to tumor multifocality, extensive morphologic heterogeneity of tumor growth patterns occurs 

in a significant proportion of tumors 1-2. This might result from collision between different 

(non-clonal) tumors as they expand in size. 
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Alternatively, clonal populations of a tumor may emerge as the result of additional genetic 

changes that lead to local aggressive growth advantages As for multifocal carcinomas, the 

precise mechanisms through which the various morphologic grades arise also remain unknown 

In the current study, we have used allelotypes obtained from microsatellite PCR analysis in 

an attempt to distinguish between the various possibilities and thereby define the process 

through which tumor heterogeneity occurs in the prostate Our results indicate that no single 

mechanism is likely to explain the complex patterns of allelic imbalance that we have observed 

Materials and Methods 

Seventeen prostatectomy specimens were selected from archival material of patients with 

clinically localized prostate cancer as part of a cooperative effort among the University of 

Colorado Health Sciences Center (Denver, CO) and the University Hospital Nijmegen 

(Nijmegen, The Netherlands) Following surgical resection, specimens were fixed in 10 per 

cent neutral-buffered formalin and subsequently cut into serial transverse 4-mm slices By 

careful histologic examination, all areas representing adenocarcinoma or high-grade PIN were 

indicated clearly on a diagram documenting a map of their anatomic distribution in the prostate 

(Figure 1) Tumor volume, Gleason grade and stage were assessed as recently described I 2 

In 15 cases, the specimen contained 2 bilateral tumors and in 2 cases, 3 tumors were 

analyzed Four topographically distinct areas of high-grade PIN were also analyzed We 

defined multifocality by a minimum separation of 4 mm between any 2 lesions (including 

carcinoma and PIN) in any direction This cutoff level was based on the slice thickness The 

mean spatial proximity between lesions in our series was 12 5 mm (range, 6-21 mm ) In 

addition, in 6 tumors from 4 cases we examined the genetic relationship between different 

areas within a tumor 
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In case 6, a tumor with distinct zones of the Gleason patterns 1, 2 and 3 was microdissected) 

In case 12, the tumor area extending into the periprostatic fatty tissue and the tumor's 

intraprostatic part were analyzed separately Finally, in each of cases 1 and 4, bilateral tumors 

were analyzed separately in 2 adjacent 4-mm slices Morphologically, the adjacent portions of 

tumors were identical to one another 

Five 20-цт sections were obtained from each carcinoma for the preparation of genomic 

DNA Flanking 4-μπι hematoxylin and eosin stained slides were prepared adjacent to each 

lesion to ensure the composition of its histologic components The cases selected contained at 

least 80% malignant cells to decrease the possibility of masking allelic imbalance by 

contamination with somatic DNA Cancer or PIN lesions with a diameter less than 5 mm 

(N=12) were further dissected by laser micromanipulation (PALM GmbH, Wolfratshausen, 

Germany) Larger tumors were purified by microscopically trimming stoma, capsule and pré

existent epithelium from the 20-μπι tissue sections One area of histologically normal prostatic 

tissue, at least 1 cm distant from any of the lesions, was used as a control sample DNA was 

extracted from these samples essentially as recently described 

A panel of 33 microsatellite markers (Table 1) was selected from the available databases 

with the following characteristics 1) a heterozygosity value greater than 60% and 2) loci 

which frequently show allelic imbalance (AI) in prostate cancer These included 7q31 1, the 

LPUCathepsm-B locus at 8p22, RBI (13ql41-14 3), BRCA2 (13ql2 3), E-cadherm 

(16q22 1), BRCA1 (17q21) and DCC (18q21 3) In addition, loci not yet determined to 

frequently show AI in prostate cancer, but beleived to have a putative role in this disease were 

chosen These were HPC1 (lq24-25), APC/a-Catenin (5q21-22), PTEN (10q23), FAS 

(10q24 1) andMx/7 (10q25) In all cases, at least 3 microsatellite markers were chosen in the 

chromosomal region of interest 
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Table 1- Primer pairs for PCR-LOH analysis 

SYMBOL 

D1S2883 

D1S218 

D1S412 

D5S346 

D5S107 

D5S211 

D7S486 

D7S522 

D7S523 

D7S677 

D8S261 

D8S549 

D8S298 

D10S541 

D10S215 

D10S205 

D10S597 

LOCATION 

lq24-25 (HPCl) 

lq24-25 (HPCl) 

lq25-qter 

5q21-22 (APC/a-Catemn) 

5qll 2-13 3 

5q33-qter 

7q31 1 

7q31 1-31 2 

7q31 1 

7q31 1 

8p22 (LPLICathepsm B) 

8pter-p23 1 

8p22 (centromere flanking ) 

10q23-24 (PTEN) 

10q23-24 (PTEN) 

10q25 (Mxil) 

10q25 (Mxü) 

SYMBOL 

D10S185 

D10S571 

D13S155 

D13S153 

D13S260 

D13S267 

D16S421 

D16S408 

D16S402 

D17S855 

D17S856 

D17S800 

D17S791 

D18S51 

D18S34 

D18S70 

LOCATION 

10q24 1 (FAS) 

10q24 1 (FAS) 

13ql4 3-21 2 (RB1) 

13ql4 1-14 3 (mtron RBI) 

13ql2 3 (BRCA2) 

13ql2 3 (BRCA2) 

16q22 1 (E-cadherm) 

16ql3 

16q24 2 

17q21 (intron ВДСЛУ) 

17q21 (BRCAJ) 

17q (centromere flanking BRCAl) 

17q (telomere flankmg BRCAl) 

18q21 31 (DCQ 

18ql2 2-12 3 

18q23 

Cytogenetic location data are summarized from Weissenbach et al " 

Allelic imbalance was assayed by radioactive polymerase chain reaction and denaturating 

Polyacrylamide gel electrophoresis as previously described AI was was considered present 

when the ratio of allelic signal intensities in tumor or PIN tissue was <0 7 of the ratio obtained 

for normal tissue from the same patient Whenever possible, 2 independent PCR reactions 

using newly isolated DNA were performed 
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Table 2- Allelic imbalance (AI) frequencies, defined as the number of lesions exhibiting ΑΙ/number of 

lesions informative at the chromosomal locus analyzed 

Chromosomal arm AI frequency (%) Chromosomal arm AI frequency (%) 

Iq 40 lOq 59 

5q 35 13q 56 

7q 35 16q 59 

8p 53 17q 40 

I8q 65 

Results 

In the 561 patient loci (17 patients, 33 loci), 54% proved informative AI frequencies per 

chromosomal arm calculated from the informative cases are shown in Table 2 The 

topographical distribution of AI in separate tumors from the same prostate is presented in 

Table 3a In 9 cases, comparison of multifocal tumor lesions within a case revealed at least one 

concordant change in AI sequence dosages at given loci This finding is further illustrated with 

case 2 This prostate contained 2 tumors (A and B) and a completely separate PIN lesion, for 

which a topographical map of the distribution of the lesions in the prostate and the presence of 

AI at a given locus is shown in Figure 1 All 3 lesions revealed AI of the same allele of the 

same loci on chromosome lq and 18q 

In this senes of cases, a total of 9 examples revealed concordant AI patterns for at least 1 

locus between the multiple lesions of that case In addition, these 9 cases also showed several 

discordant AI patterns between the lesions (Figure 2) Cases 4 and 7, for example, revealed 

tumors with loss of opposite alleles for a given locus In each case, one of the tumors revealed 

AI of the larger allele, whereas AI of the smaller allele was found in the other tumor 
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Table За- Inter-tumor heterogeneity of allelic imbalance (AI). Each collumn per chromosome represents a 
different locus, ordered according to the list of loci in Table 1 

case/tumor 

la 

lb 

3a 

3b 

5a 

5b 

6a 

6b 

6c 

7a 

7b 

7c 

8a 

8b 

10a 

10b 

12a 

12b 

I VI 

13b 

14a 

14b 

15a 

15b 

16a 

16b 

17a 

17b 

Gleason sum, volume (cm3), 
tumor stage 

4/1.8/pT3 

6/1.7/pT3 

7/2.2/pT3 

9/6.9/pT3 

6/1 2/pT2 

6/0.5/pT2 

5/0 2/pT2 

5/0.4/pT2 

5/09/pT2 

5/0 3/pT2 

5/1 5/pT3 

5/1 8/pT2 

5/1 9/pT2 

5/2 7/pT2 

7/1 l/pT3 

5 1 3 pT2 

υ 6 1 ρ 1 3 

6 0 1 pT2 

6/0 5/pT2 

6/0 8/ρΤ2 

2/0.1/ρΤ2 

5/0.4/ρΤ2 

8/0.9/ρΤ3 

6/2 8/ρΤ3 

4/1.1/ρΤ2 

7/0 9/ρΤ2 

5/5 9/ρΤ3 

6/0 1/ρΤ2 

chromosome arm 

iq 5q 

I 

7q 8p 

1 1 

1 

1 • 

• 
m 

lOq 

1 
I 

1 

1 

I 

13q 16q 

II 1 I 
••• • 

•f 
à 

I 

17q 18q 

l· I 

II II I 1 

1 1 

1 

• 
1 1 

1 

1 1 

I I 

I ^ •••••3 ^ of same locus, different allele no AI/non-informative 
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The size of a cancer focus and its degree of histologic differentiation did not fully reflect the 

extent of the genetic alterations Some small or well-differentiated tumor foci revealed AI 

sequences at multiple loci. Also, the PIN lesions analyzed showed AI frquencies similar to or 

even higher than the carcinoma in that case (Table 3b). Thus, significant genetic alterations can 

be found early in the progression of this disease. Data comparing the allelotype of different 

areas present in a tumor are indicated in Table 3c. From these data, several examples of AI 

concordance and discordance at different loci within a single carcinoma are apparent. Case 1 

and 4 showed considerable intratumor heterogeneity of the allelotype, despite identical mor

phologies. Case 12 and 6 revealed highly concordant AI sequences in morphologically different 

areas. With respect to histologic grade it became apparent that even a Gleason pattern 1 

carcinoma as seen in case 6 could display considerable AI changes (Table 3c) 

Table 3b- Allelic imbalance (AI) patterns between invasive carcinomas and ΡΓΝ lesions in a given case 
Each collumn per chromosome represents a different locus, ordered according to the list of loci in Table 1 

case/lesion 

2a 

2b 

2c 

4a 

4b 

4c 

9a 

9b 

9c 

11a 

l i b 

l i e 

Gleason sum, volume (cm3), 
tumor stage 

9 1 7 pT3 

8/7.4/pT3 

hiRh-Rrade PIN 

6/1.7/pT2 

3/0.2/pT2 

hiRh-Rrade PIN 

6/0.4/pT2 

6/2.0/pT2 

high-Rrade PIN 

6/0 4/pT2 

8/0.9/pT2 

chromosome arm 

iq 

1 1 

1 
high-grade PIN 

5q 7q 

1 
• 

• 
1 

• • 

8p 

m 
| 

1 

lOq 13q 16q 17q 1 18q 

1 

• 

У 
1 

AI AI of same locus, different allele D no AI/non-informative 
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Table 3c: intra-tumor heterogeneity of allelic imbalance (AI). Each collumn per chromosome 
represents a different locus, ordered according to the list of loci in Table 1 

AI AI of same locus, different allele D no Al/non-informative 

Discussion 

The goal of this study was to elucidate the origin of multiple carcinomas present in a given 

prostate While this apparent multifocality has been recognized for almost 60 years13, the exact 

process of how multiple carcinomas come to arise in a single prostate remains unknown. 

Computer reconstruction studies have revealed that some of these lesions are unquestionably 

anatomically separate from one another 14. It remains in doubt, however, whether these tumors 

originate independently or whether they represent some form of metastasis 
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Figure 1- Left, map of several transverse slices from apex (left upper) through base (right lower) of 
case 2 showing two anatomically distinct lesions of carcinoma. One of the tumors is located on the right 
side of the prostate, extending from apex through base, the second tumor is present only in the left basal 
part of the specimen. A high-grade PIN lesion is marked white. Right, projection of the two 
adenocarcinomas and the PIN lesion in one slice. Allelic imbalance is marked 'xy', designating those 
lesions in which allelic imbalance was detected at a specific chromosomal (x) arm (y). The lesion's total 
volume and the histologic grade of carcinoma according to Gleason are also indicated 

Our initial analysis of the results was based on the concept that if concordant AI changes were 

found at multiple different loci in all tumors of a given case, these tumors could be assumed to 

have arisen from the same stem cell; i.e., they were not multicentric. Of the 17 cases examined, 

9 revealed concordance of at least 1 marker between multifocal carcinomas. This finding 

would support the hypothesis that multifocal carcinomas arise through a common genetic 

event. Morphologically, it is difficult to explain how two tumors without a physical connection 

could be derived from the same progenitor cell. Lobar prostatic ducts radiate to the 

verumontanum in the central zone of the prostate. Therefore, prostates with >1 tumor per lobe 

could have occured by intraductal spread, vascular or lymphatic route of metastasis. 

• 
• 

PIN ll-lll 
Carcinoma 

Score 8 
7.4 cm3 

1 q / 1 8 q -
7q-/17q-
13q-

^ H É W . 
-. 

A 
mk A 

^ Я ^ ^ ^ Ч З В Щ Л ^ 

PIN ll-lll 
0.5 cm3 

1q-/18q-
13q-/16q-
8p-/ 17q-» 

Score 9 
1.7 cm3 

1q-/18q-
7q-/17q-
16q-/7q-q 
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For bilateral tumors, however, the intraductal route is much less likely An plausible 

explanation might include migration of tumor cells through the prostatic connective tissue 

Intermediate to high grade prostate carcinomas characteristically expand through diffuse 

penetration of the adjacent stroma by small abortive glands and single cells Finger-like 

projections of adenocarcinoma may subsequently lose topographical connections from their 

original clone Extensive serial tissue sectioning, however, did not reveal scar tissue or 

inflammation subsequent to the regression of cancer in that area 

In addition, there might be other explanations for the concordant AI patterns found between 

different carcinomas of a given case Covariance analysis of AI findings in our study is shown 

in Table 4 It can be seen that there is approximately 25% concordance between imbalance on 

chromosomes lq and 16q, lOq and 16q, and 16q and 18q This could indicate, for example, 

that there was a propensity in a particular patient for these imbalances to be coordinated 

Potential mechanisms that could explain any concordance include site of fragility, loss of a 

specific mismatch repair genes, DNA repair enzymes or the possibility of a germ-line genetic 

alteration 

Tabic 4- Concordance of allelic imbalance found in carcinoma or 
PIN lesions (7V=41) on the different chromosomes 

Chromosome 5q 7q 8p lOq 13q 16q 17q 18q 

arm 

lq 3 

5q 

7q 

8p 

lOq 

13q 

16q 

17q 
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T1 Τ2 Ν Τ1 Ν Τ2 PIN 

Figure 2- Autoradiographic examples of discordant allelic imbalance (AI) between multiple, 
anatomically distinct lesions of adenocarcinoma or high-grade PIN in a given prostatectomy specimen. 
Control tissue consisting of histologically normal prostatic tissue is denoted as 'N'. The 
autoradiographs were overexposed intentionally to allow us to detect any residual signal from the 
missing alleles. Left, case 9 (D18s51), AI of the upper allele in tumor T2, not present in tumor Tl. 
Right, case 2 (D16s421), AI of the upper allei of tumor Tl, not present in tumor T2 or in the high-
grade PIN lesion 

An alternate possibility is that if unique patterns of allelic imbalance were present in the 

multifocal tumors of a given case, the carcinomas could be assumed to have independent 

origins; i.e. they were multicentric. As in other studies, genetic changes were found to vary 

substantially among tumors of a given case " . Seven cases with unique losses were found in 

our study, 5 of which showed losses exclusively in one of the tumors. Of note, 2 cases revealed 

tumors with loss of opposite alleles for a given locus (cases 4 and 7). In each case, one of the 

tumors revealed AI of the larger allele, whereas AI of the smaller allele was found in the other 

tumor. This could be interpreted as either 'no evidence for a clonal origin' or 'evidence for 

non-clonal origin'. The possibility that discordance between the tumors is due to masking of 

allelic imbalance by contamination from somatic DNA in one of the samples from a given case 

was considered to be unlikely. In each discordant pair of samples, the tumor retaining 

heterozygosity at the discordant locus exhibited at least one additional AI at another locus 
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Differences in AI between lesions could also indicate that cells of an original clone have 

continued to evolve independently after spread, perhaps in response to environmental selection 

pressures. In this respect, the allelotype has been considered to be is an unambiguous marker 

of clonal divergence . In this light, cases where tumors revealed both concordant and 

discordant AI patterns were perplexing since allelic losses are not believed to be replaced. 

Putative premalignant lesions can, therefore, provide additional insight into the association of 

specific changes that accompany progression. The low probability of a specific combination of 

AI found in all tumors of the same case might be used to suggest they arose from a single 

progenitor cell. Alternatively, if this same combination of AI has occured in a metachronous 

lesions, one of which is unequivocally premalignant and the other clearly invasive, it is more 

likely that this reflects a predisposition to that AI combination, rather than a common origin. 

To analyze this interesting hypothesis further, we examined 4 cases exhibiting both 

carcinoma and PIN. Within the limits of morphology, the PIN lesions were found to be limited 

to the basement membrane. All 4 cases showed clear associations of the imbalances that were 

found. In each of these cases, however, there were also unique changes of AI in the 

premalignant lesion that were not found in the invasive ones. There is no obvious manner in 

which the PIN lesion could have given rise to the invasive lesion since they were physically 

independent from one another. Therefore, it is not clear that the associated changes in these 

cases can be used to support a clonal origin. The malignant potential of the PIN lesions studied 

is also not clear. As in other papers, the frequency of AI in PIN lesions are similar to or even 

higher than those observed in primary tumors or metastatic sites 4'17. Therefore, the exact 

malignant potential of PIN lesions remains to be elucidated. 

Prostatic carcinomas are well recognized to be morphologically heterogeneous '' . Analysis 

of AI between different areas of a given tumor were also heterogeneous. Such intratumor 

heterogeneity of AI was not only present in advanced stage tumors, but was also detected in 

small tumors or in carcinomas of low histologic grade. 
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Intratumor heterogeneity could portend a poor prognosis as it may reflect genetic instability 

that allows for an accelerated progression of disease 8 Optimally then, prostatic carcinomas 

should be diagnosed before they become genetically unstable, and therefore, the point at which 

this occurs should be established more firmly Another explanation for intratumor 

heterogeneity is fusion of different tumors. During progression of disease, tumors will 

inevitably increase in size and finally merge to form larger lesions Unless the same cancer area 

is sampled over time, however, it remains difficult to distinguish fusion of tumors from local 

clonal divergence 

In conclusion, the patterns of AI associated with clinically detected prostate cancer remain a 

highly complex issue Some results provide evidence suggestive for a genetic relationship 

between the multiple tumors in a subset of the prostates In addition, considerable intratumor 

heterogeneity of allelotype was found, even in early stages of tumor progression which 

complicates the assessment of clonality Complexity is amplified further by the unexpected 

findings of AI patterns in PIN lesions as compared to primary tumors This latter observation 

clearly indicates that thorough analysis is needed to provide additional insight into prostate 

carcinogenesis The only feasible way to conduct such a study may be to examine very large 

numbers of alleles for imbalance in very large numbers of premalignant and invasive lesions 
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8 Summary 

Chapter 1 provides a comprehensive review of the current state of knowledge and insights 

regarding the etiology and molecular pathogenesis of prostate carcinoma Adenocarcinoma of 

the prostate represents a significant health problem, with an increasing number of men affected 

with this disease Clinical and pathological parameters are currently inadequate regarding their 

accuracy to predict disease progression Therefore, more objective markers of biological 

aggressiveness are urgently needed Potential prognostic markers are usually identified in a 

retrospective study design using frozen tumor material. Once identified, it is of major 

importance to compare the marker in a multivariate analysis, preferably by large-scale 

prospective studies in a multi-institutional setting For the consistent interpretation of such 

results, multicenter studies critically depend on standardization of techniques 

Chapter 2 describes and evaluates methods by which radical prostatectomy specimens can 

be processed, including inking of surgical margins, fresh tissue harvest, fixation and cutting It 

also discusses histologic grading according to the system of Gleason, pathologic staging using 

the tumor-node-metastasis (TNM) classification We have shown that complete embedding of 

the prostatectomy specimen might avoid understaging of disease This is particularly important 

because pathologic stage is to date one of the most reliable prognostic markers The protocol 

of tissue handling as described in this chapter is currently used in part by all international 

centers participating in the BIOMED-Π Markers for Prostate Cancer study 

Chapter 3 set out and evaluate different methods for fixing entire radical prostatectomy 

specimens The quality of tissue preservation is evaluated by macroscopic inspection of tissue 

slices directly following a specific fixation protocol, by careful microscopic examination 

(routine and immunohistochemical stains) and by the length of DNA fragments extracted from 

the paraffin tissue blocks 

177 



Although conventional fixation of the surgical specimen by immersion into formaldehyde 

solutions is adequate for establishing histologic grade and pathologic stage of prostatic 

adenocarcinomas, the technique is suboptimal when paraffin tissue material is used for 

extensive molecular analyses Obviously, perfusion of the specimen by multiple injections with 

formaldehyde solution significantly improves tissue preservation In addition, when microwave 

stimulated heating of the specimen is exploited, a critical step during tissue preservation can be 

standardized This modified technique not only significantly reduces the time necessary to fix 

the specimen, but more importantly, the end result of fixation is the same in all specimens, 

irrespective of their initial sizes or weight More reliable immunostainings and DNA blotting of 

much longer fragments can be obtained using this modified fixation technique, thereby 

expanding the use of radical prostatectomy specimens for molecular studies 

By consistently using the tissue handling protocol (chapter 2), it was possible to study the 

morphological diversity of prostate carcinoma in radical prostatectomy specimens as described 

in chapter 4 In this study, we identified 375 anatomically distinct carcinoma lesions in a total 

of 160 prostatectomy specimens Only 53 specimens (33%) contained what was defined as a 

single tumor and 19% of the specimens harbored four or more anatomically distinct carcinoma 

lesions In addition to multifocality, 45% of the 375 carcinoma lesions revealed a different 

tumor growth pattern Variability of histologic grade appeared to be directly proportional to 

tumor volume We deduced that with the passage of time, multiple tumors that are 

heterogeneously composed of different histologic grades collide and fuse As a result, the 

number of carcinoma lesions per prostate would be reduced, whereas grade heterogeneity and 

tumor volume would increase We noted that the largest carcinoma lesion in a given prostate 

was not necessarily the most aggressive tumor on the basis of histologic grade and pathologic 

stage Relevant clinical and tumor biological information, therefore, can be obtained only by 

evaluating all of the tumor lesions in a given case, requiring submission of the entire 

prostatectomy specimen. 
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In addition to histologic grade and pathologic stage, more objective markers of maliganant 

phenotype in prostatic adenocarcinomas have been identified, such E-cadhenn and p53 E-

cadhenn is a cell-cell adhesion molecule important for maintaining the epithelial phenotype 

The tumor suppressor gene p53 is a negative regulator of cell growth Abnormal 

lmmunohistochemical expression of E-cadhenn and accumulation of TP53 protein, assessed by 

lmmunohistochemistry, have been associated with poor prognosis of patients with prostate 

carcinoma Whether or not expression of these molecular markers also reveals heterogeneity in 

topographical distribution was analyzed in chapter 5 With respect to the evaluation of E-

cadhenn by lmmunohistochemistry, this study was critically dependent on injection fixation and 

to a lesser extent microwave-irradiation of radical prostatectomy specimen (chapter 3) 

Abnormal E-cadhenn expression was found in 13 (28%) of 47 specimens These 13 specimens 

contained a total of 22 carcinoma lesions, 16 of which had abnormal E-cadhenn expression Of 

these 16 carcinoma lesions, eight revealed abnormal expression in the minonty of the tumor 

cells concentrated m a small focus Only five prostates (11%) displayed abnormal TP53 

expression, four of which were of high-grade carcinomas and of large volume Therefore, we 

believe that the additional prognostic value of TP53 expression in these cases is likely to be 

limited 

It is important to address the issue that heterogeneity in topographical distnbution of any 

prognostic marker might have significant clinical implications Needle biopsy specimens should 

not only be obtained to diagnose prostate cancer m a given patient, but the same specimens can 

also be used to assess the aggressive potential of a given prostatic carcinoma pnor to deciding 

a definitive choice of therapy Thus, it is important for the biopsy specimens to be a 

representative for the entire prostatic malignancy In 36 of 160 prostates, for example, pre

operative biopsy specimens failed to sample the tumor area that represented the malignant 

potential of the tumor on the basis of histologic grade (chapter 4) This sampling error was 

explained, at least in part, by multifocality of carcinoma and grade heterogeneity 
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Similarly, the level of sensitivity to detect abnormal E-cadherin expression in the prostatectomy 

specimen was as low as 15% (chapter 5) Difficulties in the interpretation of small amounts of 

tumor as well as quantitative and qualitative aspects of biopsy specimens might also influence 

the value of needle biopsy specimens for prognostic purposes 

It is important to understand how the number of biopsy specimens and biopsy technique 

might influence the sampling of the prostate lesion This is difficult to address in a clinical 

setting because virtually no patient is extensively and repeatedly biopsied over time In chapter 

6 we have taken advantage of 3-dimensional computer modeling of 21 prostatectomy 

specimens to eliminate this problem The major advantage of simulated biopsy specimens is 

that an unlimited number of samples can be obtained from a given computer model We 

concluded that at least six biopsy specimens should be taken from each patient to avoid 

underestimating the aggressiveness of prostatic adenocarcinomas, based on histologic grade 

and E-cadherin expression In addition, we showed that a reliable estimate of tumor volume in 

a patient's prostatectomy specimen could be made based upon the relative amount of tumor in 

the biopsy specimen 

In this thesis, we have emphasized the clinical implications of heterogeneity in topographical 

distribution of prognostic markers in prostatic carcinomas in this thesis We have tried to 

evaluate the origin of multifocal prostate cancer lesions in chapter 7 using radical 

prostatectomy specimens from 17 patients As a marker of genetic lineage, the allelotype based 

on 33 microsatellite loci was compared between the different tumors present in a given case 

Part of the results provided evidence suggestive for a clonal origin of multiple tumors in a 

subset of the prostate In 5 cases, for example, comparison of multifocal lesions within a given 

case revealed at least 2 concordant changes in allelic imbalance sequence dosages at different 

loci Several examples of discordance at different loci among and within carcinoma lesions in a 

given case were also apparent 
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Moreover, a high frequency of allelic imbalance changes was found in four lesions exhibiting 

prostatic intra-epithelial neoplasia, the lesion considered to be premalignant to invasive 

prostatic carcinoma The interpretation of allelic imbalance associated with clinically detected 

prostate cancer remains a highly complex issue. We were not able to draw definitive 

conclusions regarding a clonal or non-clonal origin of multiple lesions in a given prostate. 
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9 Samenvatting 

Van alle kwaadaardige gezellen in de urologische praktijk is prostaatkanker de meest 

voorkomende. Het beloop van een patient met prostaatkanker is niet goed voorspelbaar, 

waardoor de uroloog in toenemende mate geconfronteerd wordt met dilemma's bij de 

therapiekeuze De belangrijkste factoren die invloed hebben op het beloop van prostaatkanker 

zijn het groeipatroon (differentiatiegraad) van de tumor, maar vooral de mate waarin de 

kwaadaardige tumor zich heeft verspreid (het pathologisch stadium). Echter, zelfs patiënten 

met een gelijke differentiatiegraad en/of stadium kunnen een sterk verschillend beloop hebben. 

Sommigen hiervan overleven langdurig met slechts weinig ziekteverschijnselen, terwijl anderen 

snel aan de gevolgen van prostaatkanker overlijden Teneinde het beloop van de ziekte beter te 

kunnen voorspellen is het van groot belang om de biologische kenmerken van prostaatkanker 

nader te doorgronden. Deze betreffen ondermeer afwijkingen in het erfelijk materiaal van de 

tumorcellen of veranderingen in de aard of hoeveelheid van eiwitten die door de tumorcellen 

geproduceerd worden (hoofdstuk 1). 

In hoeverre inzicht in deze eigenschappen de prognoseschatting bij een patient met 

prostaatkanker kan verbeteren zal moeten blijken uit onderzoek aan een grote reeks patiënten, 

bij voorkeur door samenwerking tussen verschillende afdelingen en instituten. Essentieel hierbij 

is een consistente wijze van verwerken van het prostaatweefsel, zoals beschreven wordt in 

hoofdstuk 2. Allereerst is de manier waarop het prostaatweefel met fixerende vloeistoffen 

wordt gepreserveerd bepalend voor het aantal kenmerken van de tumorcellen dat vastgesteld 

kan worden Ook de betrouwbaarheid van de bepaling hangt hier vanaf. 
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In hoofdstuk 3 worden preservatiemethoden geëvalueerd, zoals het injecteren van de 

prostaat met een fixerende vloeistof (perfusie-fixatie) gevolgd door verwarming middels 

magnetron behandeling. Deze methoden zijn vergeleken met de in laboratoria voor pathologie 

gangbare manier van weefsel-preservatie, te weten het onderdompelen van weefsel in 

fixatievloeistof (immersie-fixatie) Laatstgenoemde methode heeft echter een aantal nadelen a) 

door de langzame indringing van de vloeistof kan de fixatie te lang op zich laten wachten en 

zal hierdoor weefselversterf optreden, leidend tot afbraak van eiwitten en van het erfelijk 

materiaal (DNA), b) te lange fixatietijd kan de ruimtelijke structuur van eiwitten of van DNA 

doen veranderen. Zowel weefselversterf als langdurige fixatie kunnen dus het betrouwbaar 

bepalen en interpreteren van specifieke tumorcelkenmerken nadelig beïnvloeden, en daarmee 

het prognostisch potentieel hiervan De kwaliteit van de weefsel-preservatie werd geëvalueerd 

op basis van: a) de lengte van DNA-fragmenten die uit het gefixeerde weefsel kunnen worden 

geïsoleerd, en b) kwantitatieve en kwalitatieve kenmerken van een aantal eiwitten die in 

prostaatweefsel aangetoond kunnen worden. Hiertoe werden eiwitten gekozen die gevoelig 

zijn voor fixatie-schade. Een goede fixatie wordt bereikt met een combinatie van perfusie-

fixatie en magnetron-verwarming van het prostaatweefsel Een bijkomend voordeel van deze 

combinatie van technieken is dat de fixatietijd wordt teruggebracht van ruim 12 uur (immersie-

fixatie) tot slechts 45 minuten. 

Consistente toepassing van het protocol voor de bewerking van prostaatweefsel (hoofdstuk 

2) maakte het mogelijk de phenotypische diversiteit van prostaatkanker te bestuderen In 

hoofdstuk 4 zijn 160 prostaten op deze wijze onderzocht. Hierin worden in totaal 375 

afzonderlijke tumoren aangetroffen, die anatomisch geen onderlinge samenhang leken te 

hebben Slechts 53 prostaten (33%) bevatten één tumor, terwijl in 19% van de prostaten meer 

dan drie tumoren aanwezig waren Voorts werd het aantal verschillende groeipatronen 

(graden) in één tumor geëvalueerd. Bijna de helft (45%) van de 375 tumorhaarden vertoonde 

meer dan één groeipatroon. Hiervoor is een aantal verklaringen mogelijk 
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Afzonderlijke tumorhaarden kunen uitgroeien en elkaar steeds dichter naderen om uiteindelijk 

samen te vloeien. Hierdoor neemt het aantal tumorhaarden per prostaat af, en de grootte en het 

aantal verschillende groeipatronen per tumor toe. Voor deze visie pleiten onze bevindingen dat 

afzonderlijke tumoren binnen één prostaat veel kleiner waren en minder groeipatronen toonden 

dan prostaatpreparaten met één tumor. Anderzijds waren het totale tumorvolume en het totaal 

aantal groeipatronen van de individuele tumoren tesamen in één prostaat gelijk aan 

prostaatpreparaten met slechts één tumor. Voorts bleek dat de meest agressieve tumorhaard 

(op basis van groeipatroon en stadium) niet altijd de grootste hoeft te zijn in vergelijking met 

de overige haarden in de prostaat. Dit illustreert nog eens dat volledige informatie over de 

tumorkenmerken alleen kan worden verkregen indien de prostaat in zijn geheel microscopisch 

onderzocht wordt. 

Vervolgens werd in hoofdstuk 5 de topografische verdeling van specifieke eiwitten in 

prostaattumoren op een soortgelijke wijze als in hoofdstuk 43 onderzocht. Hiervoor werden E-

cadherine en p53 eiwitten gekozen, omdat vooronderzoek had aangetoond dat deze als 

merkstof gebruikt kunnen worden om de kans op progressie van ziekte aan te tonen. Een 

patient met een abnormale of afwezige lokalisatie van E-cadherine eiwit in de tumorcel of met 

ophoping van het p53 eiwit in de celkern heeft een ongunstige prognose. Het bleek dat het 

injectie-fixatie protocol (hoofdstuk 3) van essentieel belang was voor de evaluatie van het E-

cadherine eiwit. Abnormale E-cadherine expressie was aanwezig in 13 (28%) van de 47 

onderzochte prostaatpreparaten. In deze 13 preparaten werden 22 verschillende tumorhaarden 

gevonden, waarvan 16 een abnormale E-cadherine expressie toonden. Acht van deze 16 

tumoren hadden een abnormale E-cadherine expressie in een minderheid van de tumorcellen, 

die vaak geconcentreerd was in een klein gebied. De overige 8 tumoren waren diffuus 

afwijkend voor E-cadherine. Slechts 5 prostaatpreparaten (11%) hadden een abnormale p53 

expressie, waarbij vier tumorhaarden een groot volume bezaten een groeipatroon toonden 

passend bij een agressief beloop. 
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Op basis van deze twee eigenschappen is de prognose voor de patient ongunstig De 

toegevoegde prognostische waarde van abnormale p53-expressie bij prostaatkanker is 

waarschijnlijk gering omdat deze slechts betrekkelijk zelden voorkomt 

De diagnose 'prostaatkanker' wordt door de patholoog gesteld op basis van microscopisch 

onderzoek van kleine pijpjes prostaatweefsel (biopten), die via een punctie worden verkregen 

Behalve voor de diagnose zouden deze prostaatbiopten ook voor een schatting van de 

prognose gebruikt kunne worden bij patiënten met deze ziekte Hierdoor zou per patient op 

grond van de ingeschatte agressiviteit van de tumor een op maat gesneden behandeling 

gegeven kunnen worden, waardoor de doeltreffendheid ervan groter wordt Het is daarom van 

groot klinisch belang dat de biopten representatief zijn voor het kwaadaardige proces in de 

prostaat Om de waarde van de naaldbiopsie voor prognostische doeleinden verder te 

onderzoeken, gingen wij na hoe het groeipatroon van de tumor (hoofdstuk 4) en de expressie 

van het E-cadherine eiwit (hoofdstuk 5) in biopten overeenkomen met die in de gehele 

prostaat In 36 (23%) van de 160 prostaatpreparaten bleek er in vergelijking met het gehele 

prostaatpreparaat een onderschatting van de graad van kwaadaardigheid in het bioptisch 

materiaal te bestaan Dit was terug te voeren op een zogenaamde 'sampling error' bij het 

biopteren Dit gold nog in sterkere mate voor de E-cadhenne expressie, aangezien van 13 

prostaatpreparaten met een afwijkende E-cadherin expressie slechts drie (23%) in biopten 

werden geïdentificeerd Voor de beperkte waarde van prostaat-naaldbiopten voor 

prognostische doeleinden is een aantal verklaringen mogelijk 

Ten eerste is er sprake van een ongelijkmatige topografische verdeling van agressieve en 

minder agressieve tumorgebieden in de prostaat Hierdoor kan gemakkelijk sampling error bij 

het biopteren ontstaan Ten tweede blijkt dat de kwaliteit en kwantiteit van de prostaatbiopten 

van invloed kunnen zijn op de betrouwbaarheid van de steekproef De biopten worden in de 

regel met een dunne naald genomen (diameter 1 2 millimeter, lengte 15 mm ) 
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Het bleek echter uit een willekeurige steekproef van 300 naaldbiopten uit ons archief dat de 

gemiddelde lengte van de biopten slechts 8 4 mm bedroeg (uitersten 2-15 mm) Wel moet 

worden opgemerkt dat in het Academisch Ziekenhuis Nijmegen op basis van internationale 

normen bij elke patient verdacht voor prostaatkanker een zestal biopten uit de prostaat wordt 

genomen, terwijl dit in andere ziekenhuizen lager kan liggen Ten derde bestaan de meeste 

prostaatbiopten voor slechts een klein deel uit tumor, hetgeen de interpretatie van de mate van 

agressieviteit (tumorgraad of expressie van de eiwitten E-cadhenne an p53) door de patholoog 

bemoeilijkt 

Het is in de praktijk moeilijk vast te stellen of het aantal biopten van invloed is op de 

betrouwbaarheid van de steekproef, omdat een patient met een reeks opeenvolgende 

prostaatbiopten zal ondergaan Om deze reden werd door ons op het laboratorium van 

Prof Dr G J Miller (Denver, Colorado, USA) gewerkt met een computersimulatie, waarvan 

de resultaten in hoofdstuk 6 worden gepresenteerd De simulatie heeft als groot voordeel dat 

de biopten uit het model van de dne-dimensionaal (3-D) gereconstrueerde prostaat 

ongelimiteerd kunnen worden herhaald Deze 3-D reconstructie kan van elk operatief 

verwijderde prostaat worden vervaardigd, waarbij de contour van het orgaan en de 

tumorhaarden middels tekeningen worden vastgelegd Hierbij worden ook de ligging en 

afmetingen van de (op basis van histologische graad en E-cadhenne expressie) agressievere 

tumorgebieden weergegeven De computer kan op grond van deze tekeningen een ruimtelijke 

voorstelling maken en op 'wiskundige' wijze het biopteren simuleren Hierbij kunnen de lengte, 

dikte en positie alsook de hoek waaronder de biopten worden genomen ten opzichte van het 

prostaatoppervlak afzonderlijk worden ingesteld Het bleek dat een redelijk representatieve 

steekproef uit de prostaat uit tenminste zes naaldbiopten bestaat, waarbij de positie van de 

naaldbiopsie met van groot belang leek Op basis van het tumorvolume in de biopten was het 

mogelijk om een betrouwbare schatting te maken van de totale grootte van de tumor in de 

prostaat 
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De klinische implicaties van de aanwezigheid van meerdere tumorhaarden in de prostaat, die 

de rode draad vormen van het proefschrift, behoeven nader onderzoek In hoofdstuk 7 werd 

onderzocht of, en zo ja, hoe verschillende tumorhaarden in de prostaat voor wat betreft hun 

onstaanswijze aan elkaar gerelateerd zijn Hiertoe werd uit 17 prostaatpreparaten het erfelijk 

materiaal van alle afzonderlijke tumorhaarden onderzocht Het DNA van 33 fragmenten 

afkomstig van 9 chromosomen leverde per tumorhaard een zogenaamde 'genetische 

vingerafdruk' op die vervolgens met elkaar werden vergeleken De DNA-afwijkingen kunnen 

op grond van de doorloopsnelheid van de fragmenten worden gescheiden, waarbij een 

kenmerkend bandenpatroon ontstaat Afwijkende patronen kunnen onstaan doordat tijdens de 

ontwikkeling van kanker kleine stukjes DNA verloren kunnen gaan Het bleek in vijf gevallen 

dat er tenminste twee exact dezelfde DNA-afwij kingen in alle tumorhaarden binnen een 

prostaat bestonden Dit kan betekenen dat deze tumorhaarden met elkaar verwant zijn, d w z 

dat de tumoren mogelijk uitzaaiingen van elkaar zijn In deze prostaatpreparaten werden echter 

ook unieke DNA afwijkingen gevonden die slechts in een van de tumorhaarden aanwezig 

waren Dit hebben wij geïnterpreteerd als verdere voortschrijding van het kwaadaardige proces 

onder invloed van lokale omgevingsfactoren in de prostaat Tevens onderzochten wij het 

voorstadium van prostaatkanker m vier prostaatpreparaten Verrassend was dat het aantal 

DNA-afwijkingen bij dit voorstadium tenminste even groot was als in de kwaadaardige 

gezwellen in dezelfde prostaat Een relatief groot aantal afwijkingen in het DNA blijkt dus 

reeds aanwezig te zijn in een voorstadium van prostaatkanker 
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Prostates Growing 

No man-hating avenger 
could situate it better, 
turgid bulb at the root 
and no old man's friend; 
reclining, bearing down 
till the once proud early morning 
fount is stangled to a sizzle. 

In silence after heavy rain 
you can hear prostates growing, 
or being staved 
with rinses that turn the hair jetblack, 
or irrigation lines that nourish 
transplanted hair, 
or trips to the squash court 
squeezed around days 
designed to be tubular. 

Just as we go to the ballgame 
to see players looking bigger 
and smaller 
we hope to make it through 
the operation under spinal block, 
the last great reaming of the body 
a man's mind can 
comprehend. 

Ron Charach, Department of Poetry, The Lancet 

ßi. Pruszczynski) 
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The six phases of a research project are 

1. Enthousiasm 

2. Panic 

3. Disillusion 

4. Search for the Guilty 

5. Punishment of the Innocent 

6. Praise and Honor of the Non-Participants 

Jack A. Schalken 
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STELLINGEN 

BEHORENDE BIJ HET PROEFSCHRIFT 

Prostate Cancer Multifocahty and Heterogeneity 

1 Klinisch-pathologische en tumorbiologische eigenschappen van prostaatkanker kunnen 

alleen worden vastgesteld door daadwerkelijk alle tumorhaarden in de betreffende prostaat 

te onderzoeken 

2 Een enigszins representatieve steekproef uit een prostaat verdacht voor kanker bestaat uit 

tenminste zes naaldbiopten 

3 Bij een slechts geringe hoeveelheid tumor in een naaldbiopt uit de prostaat is het niet 

verstandig om de Gleason score te bepalen 

4 Een gestandaardiseerde histotechnische bewerking is van essentieel belang om 

onderzoeker-gebonden variatie in de immunohistochemische aankleuring van 

prostaatweefsel te voorkomen 

5 We must concede that the diagnostic assessment of prostate adenocarcinoma and the 

prediction of its prognosis is limited by the inherent heterogeneity of the disease and the 

circumstances under which we study it {Gary J. Miller) 

6 The detection of opportunistic infections also involving the liver in severe immunodeficient 

patients requires a meticulous assessment for the presence of a broad spectrum of 

potential pathogens as the inflammatory response to pathogens is blunted 

or even absent {Eur J Gastroenterol Hepatol 1993, 5 641-645) 



7 In verband met de bekende diagnostische onzekerheden in de histopathologische 

beoordeling van bot- en weke delen sarcomen is het gewenst om hierbij als regel 

een collega patholoog te consulteren 

8 Wanneer twee afdelingen de handen ineenslaan voor de effectuering van een 

'dual commitment' snijdt het mes tenminste aan drie kanten 

9 Het afvoeren van paraffineblokjes uit de archieven van de laboratoria voor pathologie 

wegens ruimtegebrek moet in het belang van de patient(e) of zijn/haar familieleden worden 

ontraden 

10 The expression 'it is colder than a well-diggers butt in the Klondike' (Gary J. Miller) 

possibly relates to the sensation after prostatic cryotherapy treatment in native 

Alaskan males 

11 Koffie gezet en ingeschonken door een vrouwenhand smaakt het beste 

(Nicolaos J. Jonker) 

12 Met de mogelijkheid om in de toekomst mensen te kloneren breken voor narcisten 

nieuwe tijden aan 

13 De term 'in principe' is een leeg begrip en dient uit principe achterwege gelaten te worden 

Emiel Ruijter, October 1998 
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