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Abstract

Papillary urothelial neoplasia of low malignant potential (PUNLMP) recurs in approximately 35%

of patients. Conventional histopathological assessment does not distinguish non-recurrent from

recurrent PUNLMP. The aim of the study was to explore the differences in global histone

acetylation and global DNA methylation between non-recurrent and recurrent PUNLMP.

Acetylated histone H3 lysine 9 (AcH3K9) and 5-methylcytosine (5MeC) were investigated by

immunohistochemistry (IHC) in 20 PUNLMP cases (10 non-recurrent and 10 recurrent), in 5

cases of normal urothelium (NU) and in 5 cases of muscle invasive pT2 urothelial carcinoma

(UC). The total optical density of the nuclear staining was measured photometrically in at least 40

nuclei separately for the basal, intermediate and luminal positions in each case. Concerning the

total optical density values for both acetylation and methylation, a decrease in staining is observed

from non-recurrent PUNLMP to recurrent PUNLMP, at all nuclear locations. For acetylation the

mean value in non-recurrent. PUNLMP, intermediate between NU and UC, is closer to the former

than to latter. The mean value in recurrent PUNLMP is closer to UC than to NU. In NU, non-

recurrent and recurrent PUNLMP the acetylation to methylation ratio decreased from the nuclei in

basal position to those in the surface, the average for the above groups being 1.491, 1.611 and

1.746, respectively. Setting the observed values for NU at each sampling location to unity,

acetylation shows a steady decrease, the percentages of changes in this nuclear location compared

to NU being − 5% in non-recurrent PUNLMP, − 15% in recurrent PUNLMP and − 24% in UC.

Concerning methylation, there is slight increase in non-recurrent PUNLMP (+ 5%), a decrease in

recurrent PUNLMP (− 19%) followed by a sharp rise for the UC (+ 61%). In conclusion there are

differences in global histone acetylation and DNA methylation patterns between non-recurrent and
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recurrent PUNLMP. Further studies are needed to elucidate the complex interplay between

chromatin structure, its modifications and recurrence of PUNLMP.
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INTRODUCTION

The 2004 WHO classification of the non-invasive papillary urothelial tumors subdivides the

morphologic spectrum of the non-invasive urothelial papillary neoplasia into urothelial

papilloma, papillary urothelial neoplasm of low malignant potential (PUNLMP), low-grade

papillary carcinoma, and high-grade papillary carcinoma (1). It replaces the 1973 WHO

system which included urothelial papilloma, and papillary carcinoma of grade 1, grade 2 and

grade 3.

PUNLMP is a papillary urothelial lesion with an orderly arrangement of cells with minimal

architectural abnormalities and minimal nuclear atypia (1). PUNLMP recurs in

approximately 35% of patients (2). Conventional histopathological assessment does not

identify those PUNLMP cases that will recur. Karyometry detects subvisual differences in

chromatin organization status between non-recurrent and recurrent PUNLMP, and provides

a valuable biomarker for the prediction of recurrence (3).

The status of chromatin organization depends on epigenetic events, such as histone

modifications and DNA methylation (4–6). Two copies of histones H2A, H2B, H3 and H4,

assembled in an octameric core with 146–147 bp of DNA tightly wrapped around it, form a

nucleosome. This is the first level of chromatin organization (5). Core histones are

characterized by the presence of N-terminal tails of variable length that are reversibly

modified by acetylation of lysines and methylation of lysines and argynines among others

(6–11). In particular, acetylation of specific residues such as lysine 9 (K9) of histone 3

(H3K9) has been associated with an open chromatin configuration and a permissive

transcription state (6).

Methylation of DNA, which occurs at the cytosine residues of cytosine-phospho-guanine

(CpG) dinucleotides by an enzymatic reaction that produces 5-methylcytosine (5MeC), is a

well characterized mechanism for epigenetic gene regulation (4,6). Normal and neoplastic

cells may simultaneously harbor widespread (global) genomic hypomethylation, regional

areas of hypermethylation, and increased DNA-methyltransferase activity (4).

In two previous immunohistochemical studies, in which our group was involved, antibodies

raised against acetylated H3K9 (AcH3K9) and 5MeC allowed evaluation of the overall

epigenetic status, i.e., global histone acetylation and global DNA methylation, in pre-

neoplastic and neoplastic lesions of the prostate (6) and in urothelial papillary neoplasms

(6). Global histone acetylation and overall DNA methylation were investigated
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immunohistochemically by others in oral squamous cell carcinoma and its precursors,

thyroid neoplasia, lung cancer, and colon cancer (12–25).

The present immunohistochemistry- and photometry-based feasibility study was designed to

quantify global histone acetylation and DNA methylation in non-recurrent and recurrent

PUNLMP. Similarly to our previous investigations, antibodies against AcH3K9 and 5MeC

were used (26).

MATERIAL AND METHODS

Twenty cases of PUNLMP were retrieved from the Pathology Services associated with

Ancona Polytechnic University-United Hospitals. All the cases were diagnosed by one of

our group (RM). Ten were from patients who had a solitary lesion, less than 1 cm in

diameter, and were disease-free during a follow-up period of at least 10 years. This group

was defined as “non-recurrent”. The other ten were from patients with a unifocal lesion, less

than 1 cm in diameter, who experienced one or more recurrences in the follow-up (in most

of the cases the first recurrence was seen six months to one year after the removal of the

primary tumor). This group was defined as “recurrent”. The recurrent lesions showed a

histological appearance identical to that seen in the first presentation, i.e., none of the these

cases progressed to a higher grade and/or became invasive. From this group only the

primary or initial tumors were included in the investigation.

The initial tumors and the recurrences were treated by trans-urethral resection of the bladder.

None of the patients received adjuvant therapy, e.g., BCG or intravesical chemotherapy. As

far as sex and age of the patients (their mean age was 61.5 years) were concerned, there

were no differences when the non-recurrent and recurrent groups were compared.

The study also included 5 cases of NU obtained from patients with benign prostatic

hyperplasia and no history of bladder and prostate cancer and 5 cases of bladder muscle

invasive (pT2) UC. The procedure for this research project conforms to the provisions of the

Declaration of Helsinki.

All the cases had been fixed in 4% buffered formaldehyde for approximately 24 hours

before processing. For the purpose of this study, serial five-micron thick serial sections were

cut from the paraffin blocks.

Immunohistochemistry

The sections were dewaxed in xylene and rehydrated through a graded series of ethanol.

Antigen retrieval was done by microwave treatment for 20 min at 98°C using 0.01 M Citric

Acid buffer pH 6.0. Endogenous peroxidase activity was quenched by incubating the

sections in 3% hydrogen peroxide for 10 min at room temperature. Non-specific binding

sites were blocked through pre-incubation with 5% normal goat serum in PBS for 10 min at

room temperature. Reacted tissue sections were then incubated with a rabbit polyclonal

antibody raised against AcH3K9 (Cell Signalling Technology Laboratories, Danvers, MA,

USA, dilution 1:100) for 18 hours at 4°C and a mouse monoclonal antibody raised against

5MeC (Aviva Systems Biology, San Diego, CA, USA, dilution 1:200) for 1 hour at room
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temperature Antigen-antibody complex was subsequently visualized using the Envision™

Detection System kit peroxidase/DAB (DAKO, Glustrop, Denmark) and counterstained with

hematoxylin. Negative controls were used for the tested antibodies; the primary antibody

was replaced by either mouse or rabbit non-immune serum, as appropriate.

Evaluation of Immunohistochemistry

The total optical density (reported in arbitrary, relative units) of the nuclear staining was

measured photometrically at the Arizona Cancer Center, Tucson, AZ. For the NU and

PUNLMP cases the nuclei were separately evaluated in the following three compartments:

cell layer adjacent to the stroma, i.e., basal cells; superficial or luminal cell layer; and

intermediate cells, i.e., those between the basal cells and superficial cells. Since superficial

cells are not present in UC, the nuclei were evaluated in the cell layer adjacent to the stroma,

the nuclei in all the other cell layers being considered equivalent to the intermediate nuclei

of NU and PUNLMP. At least 40 nuclei per location were measured in each case. Details of

the statistical analysis applied in this study are reported in two our previous papers (27,28).

RESULTS

Total optical density values for acetylation and methylation

Table I presents the mean total optical density (TOD) values for acetylation and methylation

(Figures 1 A and 1B). Figure 2, based on the values of the first column of Table I, shows

graphically the changes for the nuclei in basal position for both markers. Acetylation

decreases steadily from NU to UC. There is a steep rise in methylation in UC, into the range

of the acetylation level in NU.

For both acetylation and methylation, a decrease in staining is observed from non-recurrent

PUNLMP to recurrent PUNLMP, at all nuclear locations. For acetylation the mean value in

non-recurrent PUNLMP, intermediate between NU and UC, is closer to the former than to

latter. The mean value in recurrent PUNLMP is closer to UC than to NU. For the

measurements taken at the basal, intermediate and superficial locations the decreases are

10%, 18% and 19%, respectively. For methylation the decreases are 24%, 20% and 23%,

respectively.

Taking as example the intermediate location of acetylation, the mean values are 0.1645 for

non-recurrent PUNLMP vs. 0.1379 for recurrent PUNLMP. The standard deviation is

0.0787 for non-recurrent PUNLMP and 0.0632 for recurrent PUNLMP. For sample sizes of

497 vs. 403 nuclei, the 95 % confidence limits become 0.16381 < 0.1645 < 0.16519 for non-

recurrent PUNLMP and 0.1318 < 0.138 < 0.1442 for recurrent PUNLMP, the differences

being statistically significant. For the methylation we have, at this nuclear location, 0.0970

for non-recurrent PUNLMP and 0.0782 for recurrent PUNLMP. The confidence limits

overlap, i.e. there are no statistically significant differences. The tolerance regions for the

value distributions for recurrent PUNLMP and recurrent PUNLMP cases overlap widely.

This means that the differences are too small to allow a prediction for an individual case.
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Acetylation to methylation ratio

Table II shows the acetylation to methylation ratio (A/M ratio) for the four diagnostic

groups in the three nuclear locations. It is based on the assumption of similar or equal

stoechiometry for the acetylation and the methylation markers. In NU, non-recurrent and

recurrent PUNLMP, the A/M ratio decreases from the nuclei in the basal position to those in

the surface. The average for the above groups are 1.491, 1.611 and 1.746, respectively. For

UC the A/M is 0.855 for the nuclei in the basal position and 1.0 for the nuclei in the

intermediate position, with an average of 0.927. The low value of 0.927 is due to a notable

increase in methylation.

Comparison of the relative changes of acetylation and methylation

To compare the relative changes of acetylation and methylation directly a normalization is

useful.

Setting the observed values (see Table I) for NU at each sampling location to unity, the

normalized data are shown in Table III. This table also reports the percentages of changes in

non-recurrent and recurrent PUNLMP and UC in relation to NU. Figure 3 shows graphically

the relative change for the nuclei in basal position. Acetylation shows a steady decrease, the

percentages of changes in this nuclear location compared to NU, being − 5% in non-

recurrent PUNLMP, − 15% in recurrent PUNLMP and − 24% in UC. Concerning

methylation, there is slight increase in non-recurrent PUNLMP (+ 5%), a decrease in

recurrent PUNLMP (− 19%) followed by a sharp rise for the UC (+ 61%).

Setting the observed values (see Table I) for the basal location in the four diagnostic groups

to unity, Table IV shows the percentages of changes for acetylation and methylation in the

intermediate and superficial nuclear location. For acetylation a decrease is seen in both

nuclear locations in NU (intermediate − 7%; superficial − 10%), whereas a steady increase

is seen in non-recurrent PUNLMP (intermediate + 15%; superficial + 18%) and in recurrent

PUNLMP (intermediate + 7%; superficial + 12%) as well as in UC (intermediate + 12%).

For methylation the increase in the superficial location is greater than in the intermediate

location in NU (intermediate + 10%; superficial + 42%), non-recurrent PUNLMP

(intermediate + 11%; superficial + 13%) and recurrent PUNLMP (intermediate + 15%;

superficial + 33%), whereas a small reduction is seen in the intermediate position in UC (−

3.2%), compared to the basal position.

DISCUSSION

Histones are subject to a variety of post-translational modifications, including acetylation of

lysines. Such modifications play fundamental roles in gene regulation and other chromatin-

based processes. Histone-modifying enzymes affect histones either locally, through targeted

recruitment by sequence specific transcription factors (29), or globally throughout the

genome in an untargeted manner, affecting virtually all nucleosomes (30). Such widespread

functions that occur independently of apparent sequence-specific DNA binding proteins are

referred to as “global histone modifications”. Like their targeted effects, the global activity

of the histone modifying enzymes can modulate gene activity (30). Therefore, histones are
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modified locally and globally through multiple histone-modifying enzymes with different

substrate specificities, generating hierarchical patterns of modifications from single

promoters to large regions of chromosomes and even single cells.

Since histone modifications occur throughout the genome, any potential change in the

activity of the histone modifying enzymes results in changes in specific histone patterns

detectable at the level of individual nuclei by IHC. While the immunohistochemical

approach provides information on global histone acetylation, it does not give information on

the genomic, gene–gene differences in distribution of histone modifications. However, it

reveals novel cell–cell heterogeneity in histone modification levels that would be hidden in

molecular approaches such as chromatin immunoprecipitation (31).

Cancer epigenetics includes DNA methylation (32). Compared to normal cells, DNA of

cancer cells is generally hypomethylated, while promoters of certain genes are

hypermethylated, in the context of CpG islands. Such promoter-specific increase in

methylation leads to silencing of the affected gene that might have functioned as, for

instance, a tumor suppressor. Transcriptional repression by DNA methylation is mediated by

a class of methyl DNA binding proteins which, by virtue of recognizing specifically

methylated DNA sequences, recruit repressive protein complexes including histone

deacetylases to gene promoters (33). The combination of CpG island methylation, proteins

that binds to them, and repressive histone modifications generates localized regions of

specialized chromatin, which can inhibit transcription. Despite a growing list of genes

including tumor suppressors and DNA repair genes that are aberrantly hypermethylated in

different cancers, only a limited number of the identified hypermethylated genes have

demonstrated any potential utility in clinical decision making. As opposed to single-gene

analysis, the integrated information on methylation patterns of multiple genes may reflect

the functional status of several cellular pathways (4,33).

Global methylation of DNA is usually quantified by chromatography (34), whereas the

methylation status of specific genes is studied by molecular hybridization or genomic

sequencing (35). These techniques require extraction of DNA and do not allow the cell

integrity to be preserved. An immunohistochemical approach was developed using

monoclonal antibodies that recognize the presence of a methyl group on the carbon 5 of

cytosine, to investigate DNA methylation is situ, which allowed the analysis of global

methylation to be performed on interphase nuclei in several cell types, on a cell by cell basis

by microscopy (4).

This study shows that it is feasible to quantify the change in global acetylation and

methylation in the urinary bladder tissues as a function of diagnostic category, i.e., NU, non-

recurrent PUNLMP, recurrent PUNLMP and UC, and as a function of sampling site, i.e.,

basal, intermediate and superficial cell layers. In particular, the current investigation shows

that there are differences in global histone acetylation and DNA methylation patterns

between non-recurrent and recurrent PUNLMP and at the same time helps to understand the

chromatin organization status in non-recurrent and recurrent PUNLMP.
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The limitation of our study is represented by the fact that there is no information available

defining the stoechiometry of the immunohistochemical reactions for acetylation or for

methylation. Neither is there information concerning linearity of the reactions. The

assumption is made that the decadic molar coefficients of absorbance of the dye labels for

the two probes is comparable, and not a function of concentration. The results suggest that

the overall reproducibility of the photometric measurements was quite good. Under the

assumption of equal stoechiometry for the two markers, the absolute measured values reflect

the relationship of acetylation to methylation, its changes as a function of diagnostic

category and as a function of nuclear location in the tissue.

In conclusion, the present study shows that there are differences in global histone acetylation

and DNA methylation patterns between non-recurrent and recurrent PUNLMP in

comparison with NU and UC. The above results represent averages over all cases in the

study. For their interpretation of one should keep in mind that the values recorded for the

individual nuclei are highly dispersed. Not only have the distributions of TOD values a very

large coefficient of variation, there is also some heterogeneity in the nuclear populations.

The limitation of the study is represented by the small number of cases investigated. We are

planning to expand the study including a lager number of cases as well as an increased

number of nuclear makers.
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Figure 1.
Nuclear staining for acetylation (A) and methylation (B) in papillary urothelial neoplasia of

low malignant potential (Note that the nuclei vary in staining intensity).
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Figure 2.
Total optical density (TOD) values. Changes for the nuclei in basal position for acetylation

and methylation.

Mazzucchelli et al. Page 11

Int J Immunopathol Pharmacol. Author manuscript; available in PMC 2014 June 08.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 3.
Relative changes of acetylation and methylation for the nuclei in basal position. Percentages

of changes in non-recurrent and recurrent PUNLMP and UC in relation to NU.
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Table I

Mean total optical density values for acetylation and methylation

Nuclear location

basal intermediate superficial

Acetylation

NU 0.1510 0.1413 0.1351

Non-recurrent PUNLMP 0.1431 0.1645 0.1684

Recurrent PUNLMP 0.1283 0.1379 0.1435

UC 0.1154 0.1339 NA*

Methylation

NU 0.0835 0.0926 0.1185

Non-recurrent PUNLMP 0.0874 0.0970 0.1181

Recurrent PUNLMP 0.0679 0.0782 0.0904

UC 0.1349 0.1339 NA*

*
NA, not applicable. Superficial cells are not present in UC.
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Table II

Acetylation to methylation ratio

Nuclear locations

Diagnostic groups basal intermediate superficial average

NU 1.808 1.525 1.140 1.491

Non-recurrent PUNLMP 1.713 1.696 1.425 1.611

Recurrent PUNLMP 1.889 1.763 1.587 1.746

UC 0.855 1.0 NA* 0.927

*
See footnote of Table 1
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Table III

Relative changes separately for acetylation and methylation (The values in parentheses indicate the

percentages of changes in non-recurrent and recurrent PUNLMP and UC in relation to NU)

Diagnostic groups

NU NR PUNLMP R PUNLMP UC

Nuclei in basal position

Acetylation 100% 95% (− 5%) 85% (− 15%) 76% (− 24%)

Methylation 100% 105% (+ 5%) 81% (− 19%) 161% (+ 61%)

Nuclei in intermediate position

Acetylation 100% 116% (+ 16%) 98% (− 2%) 99% (− 1%)

Methylation 100% 105% (+ 5%) 85% (− 15%) 141% (+ 41%)

Nuclei in superficial position

Acetylation 100% 125% (+ 25%) 106% (+ 6%) NA*

Methylation 100% 99% (− 1%) 76% (− 24%) NA*

*
See footnote of Table 1
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Table IV

Relative changes in immunohistochemical staining for acetylation and methylation in the intermediate and

superficial epithelium, as a function of diagnostic category (The values in parentheses indicate the percentages

of changes)

Nuclear location

basal intermediate superficial

Acetylation

NU 100% 93.6% (− 7%) 89.5% (− 10%)

Non-recurrent PUNLMP 100% 114.9% (+ 15%) 117.7% (+ 18%)

Recurrent PUNLMP 100% 107.4% (+ 7%) 111.8% (+ 12%)

UC 100% 111.6% (+ 12%) NA*

Methylation

NU 100% 110.8% (+ 10%) 141.8% (+ 42%)

Non-recurrent PUNLMP 100% 111.0% (+ 11%) 113.5% (+ 13 %)

Recurrent PUNLMP 100% 114.9% (+ 15%) 132.9% (+ 33%)

UC 100% 96.8% (− 3.2%) NA*

*
See footnote of Table 1
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