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Nishal Chhetri : Histone 3 and Histone 4 acetylation pattern in Well-differentiated
thyroid lesions and normal thyroid tissue with their potential in diagnostic
implication. Advisor: Assoc. Prof. SOMBOON KEELAWAT, M.D.

This study estimated the histone modification (hypoacetylation or
hyperacetylation) in thyroid lesions, using immunohistochemistry compared with their
normal counterpart. FFPE sections of surgically removed PTC, FA, FTC, and nodular
goiter samples were collected from the archives of the Department of Pathology, Faculty of
Medicine, Chulalongkorn University from 2016-2018 and stained with anti-acetyl histone 3
antibody (H3K9/K14ac) and anti-acetyl histone 4 antibody (H4K5,8,12 and 16ac). The
intensity and proportion of immunostaining of the lesions and their normal thyroid tissue
counterparts were automatically scored by Aperio ImageScope software. A total of 147
benign and malignant thyroid lesions cases, including 28 FA, 50 PTC, 19 FTC, and 50
nodular goiters, were studied. Deacetylation of both anti-acetyl histone 3 antibody
(H3K9/K14ac) and anti-acetyl histone 4 antibody (H4K5,8,12 and 16ac) was detected in
nodular goiter (p=0.0016 and p= <0.0001 respectively) compared to their normal
counterpart. However, the difference in acetylation status for FTC, PTC, and FA were not
statistically significant compared to that of their normal counterpart (p=>0.05 in all cases).
For the first time, this study demonstrates that nodular goiters have H3 and H4
deacetylation compared with their normal tissue counterpart. In contrast, these epigenetic
events are not found in well-differentiated thyroid neoplasms (FA, FTC, and PTC).
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1 Summary

Thyroid cancer is the most common endocrine malignancy; its incidence is increasing
rapidly throughout the world. There has been progress in the identification of genetic
changes in thyroid cancer over the past years, nonetheless, the impact of aberrant
epigenetic alterations on thyroid cancer remains to be fully understood. Studying the
roles of epigenetic changes in thyroid cancer could open possibilities for the
identification of innovative molecular targets for novel treatment modalities. The
most common epigenetic changes seen in human neoplasms are Histone acetylation
and DNA methylation. DNA methylation has been studied in several malignancies
including thyroid. However, histone acetylation in thyroid neoplasms have been
rarely evaluated, thus, we aim to estimate the histone modification using
immunohistochemistry in thyroid lesions and compare them with their normal
counterpart. FFPE sections of surgically removed PTC, FA, FTC and nodular goiter
samples were collected from the archives of the Department of Pathology, Faculty of
Medicine, Chulalongkorn University from the year 2016-2018. Immunostaining with
anti-acetyl histone 3 antibody (H3K9/K14ac) and anti-acetyl histone 4 antibody
(H4K5, 8, 12 and 16ac). The intensity and proportion of immunostaining were
automatically scored by Aperio Imagescope software in both neoplastic and non-
neoplastic counterparts. A total of 147 cases of both benign and malignant thyroid
lesions including 28 FA, 50 PTC and 19 FTC and 50 nodular goiter were studied.
Deacetylation of both anti-acetyl histone 3 antibody (H3K9/K14ac) and anti-acetyl
histone 4 antibody (H4K5,8,12 and 16ac) was detected in nodular goiter (p=0.0016

and p= <0.0001 respectively) compared to their normal counterpart. However, the



difference in acetylation status for FTC, PTC and FA were not statistically significant
compared to that of their normal counterpart (p=>0.05 in all cases). Deacetylation in
various cancers including PTC and FTC has been found in other studies, however,
they compared the tumors with normal counter part of different patients. This could
be due to comparison of normal thyroid tissue adjacent to that of the thyroid lesion,
which could mean that some form of epigenetic changes might be occurring in the

adjacent normal tissue.

2 Background and Rationale

2.1 Background

Cancer, a pathologic condition that requires genetic and epigenetic events
that causes neoplastic transformation[1, 2]. The understanding and studies of human
genetics has reformed the sphere of medical oncology ever since the invention of the
DNA structure in 1960s. More recently several epigenetic mechanisms of
oncogenesis are discovered and studied aggressively. It’s now known that epigenetic
play a key role in development of cancer [3]. Epigenetics is defined as the study of
heritable changes in gene expression (phenotype) that does not consequence into the
corresponding change in DNA sequence (genotype). Epigenetic processes ensure the
effective packaging of the genetic material to fit within the mammalian nucleus. In
eukaryotic cells, DNA is packed as chromatin whose functional units are
nucleosomes. Each nucleosome is composed of an octamer of 4 core histones (H3,
H4, H2A, and H2B), around which is wrapped 147 base pairs of DNASs [1, 4]. Lysine

residues in these histone tails have a positive charge that interacts with negatively



charged phosphate backbone of DNA [5]. N-tail of histones within the nucleosome
octamer are considered a well-known target for specific chromatin epigenetic
Posttranslational Modifications (PTMs). DNA mutation PTMs affects the nucleic acid
and proteins, which is necessary for chromatin structure regulation without changing
the DNA sequence. These chromatin modifications have an influence in DNA
transcriptional machinery, which affects gene expression. PTMs are involved in
oncogenesis as they are able to silence tumor-suppressor genes as well as enhance
expression of oncogenesis. The balance between acetylation and deacetylation is

crucial for chromatin stability and integrity.
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Figure 1.0 Nucleosome formed by DNA and histone core

Thyroid cancer is the most common endocrine malignancy, its incidence is
increasing rapidly throughout the world [6] . Thyroid cancer is one of the most
common cancer in Thai women, and stands at fourth rank by prevalence and seventh
rank by incidence [7]. Over the last two decades, there is slow but steady growth of

thyroid cancer incidence in both genders. Well-differentiated thyroid cancer (papillary



thyroid cancer and follicular thyroid cancer) accounts for most cases of thyroid cancer
and has a relatively good prognosis [8]. Papillary thyroid carcinoma (PTC) is the
major histological type, which accounts for about 85% of all thyroid cancers [9].Even
though, there is progress in the identification of genetic changes in thyroid cancer, the
impact of aberrant epigenetic alterations on thyroid cancer remains to be fully
understood. Studying the roles of epigenetic changes in thyroid cancer could open
possibilities for the identification of innovative molecular targets for novel treatment
modalities [8]. DNA methylation and post-translational histone modifications play an
important role in control of gene expression. These modifications are involved in the
determination of chromatin structure: open chromatin structure (euchromatin) is
associated to active transcription while closed chromatin structure (heterochromatin)
is associated to gene silencing [10]. The approach of understanding histone chromatin
appears very promising to predict biological behaviour of human tumors and thus,
may be useful in the management of malignancies in near future. In fact, tumors may
exhibit different levels of histone modifications and these differences may correlate
with clinical parameters. For example, low levels of H3K4me2 and H3K18ac predict
high risk of prostate cancer recurrence and reduced survival in patients with lung and

kidney cancer [10].
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2.2 Rationale

Though there are multiple studies in the acetylation level of various malignancies
like Prostate, Breast and Colorectal carcinoma, not many studies have been done till
date to estimate the acetylation status in thyroid neoplasm. HDAC the enzyme
responsible for deacetylation in eukaryotic cells leads into heterochromatin which is
associated with gene silencing. HDAC inhibitors induce growth arrest, apoptosis, and
differentiation of a variety of tumor cells. Therefore, HDAC inhibitors are believed to
be one of the most promising class of new anticancer agents. To estimate the level of

histone acetylation in well-differentiated thyroid neoplasms and goitres we intend to



use immunohistochemical study, which is relatively cost effective and less time
consuming. We will compare the level of the histone acetylation of the follicular
thyroid carcinoma (FTC), papillary thyroid carcinoma (PTC), and follicular adenoma
(FA) with its normal counterparts of the same patient and with that of thyroid goiter
obtained from different patients. No studies on acetylation level of thyroid neoplasm
in Thai population have been reported in international journals. Also, the previous
study done to detect global histone acetylation in thyroid neoplasm was done in a
relatively smaller sample size and was compared with normal thyroid tissue sample

from different patients [10].

3 Objectives

This study has two objectives, The primary objective is to estimate the level of
acetylation in well-differentiated thyroid neoplasm including benign (adenoma) and
malignant (follicular and papillary carcinomas) and nodular goiter in Thai population
using immunohistochemistry, and to compare it with that of normal thyroid tissue
obtained from the same patient.

The secondary objective is to see the clinicopathological and demographic
correlation with acetylation level in thyroid lesions.

It is with intention that we can understand the differences in the level of histone
acetylation between the normal thyroid tissue and both benign and malignant thyroid
lesion, by doing so we could be able to contribute to future studies and its application
in treatment modalities and aid in development of newer target therapies for various

thyroid lesions



4 Literature review

4.1 Levels of Histone acetylation in thyroid tumors

Puppin C, et al, estimated the global histone acetylation level in surgical
specimens of 10 follicular adenomas (FA), 30 papillary thyroid carcinomas (PTC)
and, 9 follicular thyroid carcinomas (FTC) and 6 undifferentiated thyroid carcinomas
(UC). They used immunohistochemistry (IHC) using a rabbit polyclonal anti-histone
H3K9-K14ac (Upstate) (1:100 overnight at 4°C) or rabbit polyclonal anti-histone
H4K12ac (Abcam) (1:100 overnight at 4 °C), or rabbit polyclonal anti-histone
H3K18ac (Abcam). They semi-quantitively scored each sample using a composite
score obtained by multiplying values of the mean staining intensity and the
percentage of positive cells (H-score). Staining intensity score was: absent (0),
weakly positive (1), moderately positive (2), strongly positive (3). Statistical analysis
of H-score was done using Student’s t test. Each antibody stained in the tumor cells
and the normal thyroid showed a distinct staining pattern. In the case of H3K9-
K14ac, all tumor types showed levels significantly higher than those observed in
normal thyroid (NT) (for each tumor type p < 0.0001). While, H3K18ac levels of FA,
PTC and FTC were found to be significantly higher than those detected in NT, no
difference was detected between UC and NT. They found an unusual pattern for
H4K12ac levels, only FA showed significantly higher levels than NT. Altogether
these results suggest that modification of histone acetylation is present in thyroid
tumors and is an early event along tumorigenesis, as seen in FA with higher
acetylation levels. Also, since the highest levels of H3K18ac were detected in PTC

with reversion to normal levels in UC, this histone modification appears to be



switched off in the transition between differentiated and undifferentiated thyroid

tumors. When compared to NT, levels of acetylated H3 histone at residue K18 were

higher in FA, PTC and FTC, but not modified in UC. Therefore, levels of acetylated

H3K18 are lower in UC than in differentiated carcinomas. These data may suggest

that acetylated levels of H3 at residue K18 may encounter a reduction during thyroid

tumor progression. Reduction of acetylated levels of H3K18 that they observed in

thyroid tumors is consistent with data obtained in other tumors.
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4.2 Global histone modification patterns predict risk of prostate cancer

recurrence

Seligson B, David, et al determined the global levels of individual histone

modifications in tissues obtained from patients with prostate cancer. To determine the

global levels of individual histone modifications in tissues obtained from patients,




they combined immunohistochemistry, a method for detecting the presence of
specific antigens in cells, with tissue microarrays (TMASs), for high-throughput
analysis of many tissue samples. They then analysed the levels of acetylated (Ac) H3
Lys 9 (K9), K18 and H4 K12, and H3 K4, using highly specific antibodies on 183
primary prostate cancer tissues. The level of staining was assessed independently by
two pathologists, who were blinded to all clinico-pathological variables. They
concluded that low levels of H3K4me2 and H3K18ac predict high risk of prostate

cancer recurrence.

4.3 Histone acetylation and gastrointestinal carcinogenesis

Yusi Wataru, et al studied the global acetylation status of histones during
carcinogenesis by examining the expression of acetylated histone H4 by Western
blotting in nonneoplastic gastric mucosa and various stages of gastric tumors. By
using antiacetylated histone H4 antibody, the level of acetylated histone H4
expression was shown to be reduced in 70% of gastric carcinomas in comparison with
nonneoplastic mucosa, while the total amount of histone did not differ significantly
between tumor and normal tissues, indicating global hypoacetylation in gastric
cancer. In immunohistochemistry studies using the same antibody, acetylated histone
H4 was uniformly expressed in the nuclei of nonneoplastic gastric mucosa in both
epithelial cells and stromal cells. The expression of acetylated histone H4 was
reduced in about 70% of gastric cancers and 45% of gastric adenomas, respectively.
Reduced histone H4 acetylation was also found in some gastric lesions exhibiting

intestinal metaplasia, a condition predisposing to gastric cancer. They also analyzed
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the relationship between reduced histone acetylation and clinicopathological findings
of gastric cancer. Reduced expression of acetylated histone H4 correlated well with
advanced tumor stage, deep tumor invasion, and lymph node metastasis. Thus, low
levels of global histone acetylation are closely associated with tumorigenesis as well
as invasion and metastasis of gastric cancer. From these observations, at least in
gastrointestinal cancers, it appears possible that reduced levels of global histone
acetylation may participate not only in cancer development, but also in invasion and
metastasis. Histone deacetylase (HDAC) reduces acetylation of histone tails.
Trichostatin A (TSA), originally used as an antifungal drug, inhibits HDAC activity,
induces histone acetylation, and, in general, enhances gene expression. HDAC
inhibitors induce growth arrest, apoptosis, and differentiation of a variety of tumor
cells. Therefore, HDAC inhibitors are believed to be one of the most promising class
of new anticancer agents. Treatment with TSA is followed by increased histone
acetylation in the promoters, inducing the expression of negative cell cycle regulators
and apoptosis-related molecules. These results suggest that histone deacetylation may
participate in invasion and metastasis by modifying expression of a variety of genes.

Therefore, histone acetylation should be a promising target for cancer therapy.
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TABLE 1. Expression of acetylated histone H4 in gastric mucosa, adenomas, and
adenocarcinomas, and its correlation with clinicopathological parameters

Expression of acetylated histone H4“

Number of Markedly
cases Preserved Reduced reduced P value?
Normal mucosa 65 65 (100%) o] (0] <0.0001
Adenoma 13 7 (54%) 5 (38%) 1 (8%)
Adenocarcinoma 57 19 (33%) 23 (40%) 15 (26%)
Histology 0.2465
Well differentiated 40 16 (40%) 15 (38%) 9 (23%)
Poorly differentiated 17 3 (18%) 8 (47%) 6 (35%)
Stage 0.0240
1 37 14 (38%) 19 (51%) 4 (11%)
2 2 1 (50%) (0] 1 (50%)
3 12 3 (25%) 2 (17%) 7 (58%)
4 6 1 (17%) 2 (33%) 3 (50%)
Depth of invasion 0.0072
m, sm 34 14 (41%) 17 (50%) 3 (9%)
mp, ss 8 1 (13%) 3 (38%) 4 (50%)
se, si 15 4 (27%) 3 (20%) 8 (53%)
Lymph node metastasis 0.0006
Negative 38 15 (39%) 19 (50%) 4 (11%)
Positive 19 4 (21%) 4 (21%) 11 (58%)

“Grades of acetylated histone H4 expression were classified as preserved, reduced, and mark-
edly reduced according to the staining intensity and number of stained cells. Preserved: most
cells express acetylated histone H4 at levels equal to stromal cells such as lymphocytes and
fibroblasts. Reduced: 5-30% of cells express at lower levels than stromal cells. Markedly
reduced: over 30% of cells express at lower levels than stromal cells.

bCorrelation was analyzed by chi-square, and P values are shown.

5 Aperio Imagescope

Aperio Imagescope is one of the newest digital image analysis algorithms to estimate
the nuclear or cytoplasmic staining in a given tissue using immunohistochemical
study. It is a digital image analysis platform developed to perform quantitative
analysis of digital slides. In this project we use the Aperio nuclear v9 (version 9,
Aperio Technologies, USA) algorithm developed specifically for digital

quantification of nuclear staining.

The Aperio membrane algorithm detects nuclear staining of individual cells within
manually selected regions of a virtual slide. Both intensity and completeness of the
immunohistochemical nuclear staining is quantified, and each cell within the selected
area is categorized as 0 (negative), 1+ (weak nuclear staining), 2+ (moderate), and 3+
(strong). The Aperio nuclear algorithm is tuneable, which allows adjustment to local

staining and image acquisition characteristics.
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6 Research Methodology

The Chulalongkorn University Institutional Review Board has approved the study
(IRB No. 411/64).

6.1 Research design

The study was designed as a retrospective study with quantitative analysis and
correlation test conducted in Department of Pathology, Faculty of Medicine,
Chulalongkorn University, 13" floor Aor-Por-Ror building (King Chulalongkorn
Memorial Hospital (KCMH). Samples were retrieved from the archives by electronic
surgical database search (based on key words Thyroid, papillary thyroid, Follicular
adenoma, goiter) from the year 2016-2018. After retrieval of formalin-fixed paraffin
embedded samples, samples were sorted out based on exclusion and inclusion criteria,
then re-evaluation of the histological samples by a pathologist for validation of
diagnosis, establishment of final cohort and immunostaining was done. Followed by
slide scanning and image analysis, as depicted in the conceptual framework below.

Figure 4.0 conceptual framework

Patients Data FFPE blocks & Glass Slides Re-evaluation

O«

H-score and analysis

v

v

Image scanning

N & -
<z p
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For informed consent, as it does not directly involve the patient’s, informed consent
was not required. However, letter to Director of King Chulalongkorn Memorial
Hospital for permission to use the archival samples for the study was sent.147
samples, including 50 cases of goiter, 28 follicular adenoma, 19 follicular thyroid
carcinoma and 50 papillary thyroid carcinomas were evaluated for histone acetylation.
These cases were selected from a total of 367 cases, after excluding cases with
missing demographic data, repeated hospital and surgical number and absent normal

thyroid from same patient.

These were the sequential steps of the main research activities:

1. Electronic surgical pathology database search (based on keywords “Thyroid
carcinoma, papillary, follicular, adenomas and goiter”) from the year 2016-
2018.

2. Exclusion of repeated hospital number, missing demographic and clinical
information, absent of normal thyroid tissue

3. Recording of baseline patients’ information and final histological diagnosis

4. Retrieval of formalin-fixed paraffin- embedded samples and histological slides
of eligible cases from the department archive

5. Establish data collection form (Microsoft excel 2019)

6. Re-evaluate histological specimens and record into data collecting form

7. The selected samples were re-evaluated for validation of the diagnosis and
establishment of the final cohort of the cases

8. Immunostaining and slide scanning of the glass slides were done
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9. Finally, image analysis with aperio image scope was done and simultaneously
H-score was calculated for both thyroid lesion and normal thyroid tissue.

6.2  Sample Size

Initial Sample Size taking the whole sample available in the system: N= 367, 64
Follicular thyroid carcinoma (FTC), 95 Papillary thyroid carcinoma (PTC), 79
Follicular adenoma (FA), and 108 nodular goiter will be analyzed using
immunohistochemical study.

Sample size: N=147 19 Follicular thyroid carcinoma (FTC), 50 Papillary thyroid
carcinoma (PTC), 28 Follicular adenoma (FA), and 50 nodular goiter will be analyzed
using immunohistochemical study. As we are studying an entire cohort of thyroid
neoplasm in King Chulalongkorn Memorial Hospital at a given time (2016-2018), we
rationalized that a definite sample size calculation is not warrant. None of the
previous studies, that analyzed global histone acetylation had Standard deviation (SD)
for H-score, and Puppin C, et al, had a relatively smaller sample size compared to
us.

6.3  Patient population

The only inclusion criterion was presence surgically resected and morphologically
verified goiter, FA, PTC and FTC, archived in the department of pathology, KCMH
from January 2016 to December 2018. All the biopsies and Fine needle aspiration
cytology cases were excluded. Cases with missing demographic and clinical data,
repeated Hospital number (HN), Inadequate paraffin block or tissue for IHC staining
and no normal thyroid tissue in same patient were excluded. The demographic and

clinical data of the selected samples were punched in Microsoft excel (2019), the data
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included were age, gender, laterality, and thyroid function test. Slides with previously
stained sections from 147 thyroid lesions diagnosed from January 2016 — December
2018 were collected from the archives at the department of pathology, King
Chulalongkorn Memorial Hospital. The patient’s demographic and clinical data is

summarized in table 2.

Variables n (%)

48.35 (+15.15)
Age (in years)

<=20 4 (2.72%)
21-40 40 (27.2%
41-60 69 (46.9%)
>60 34 (23.1%)
Gender
Male 26 (17.7%)
Female 121 (82.3%)
Laterality
Right 56 (47.1%)
Left 44 (29.9%)
Bilateral/ Total. 47 (32%)

Thyroid Function

Hyperthyroidism 22 (15.0%)
Hypothyroidism 11 (7.5%)

Euthyroidism 85 (57.8%)
Not available 29 (19.7%)

Table 2.0 Clinical and demographic data of the patients is provided (n=147)
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6.4 H&E sections

An H&E section of each tumor was included in the study set. These slides were
retrieved from the archive and had been constructed from 3 mcm sections from the
FFPE tumor sections stained with haematoxylin (DAKO) and eosin (DAKO) in the
automated DAKO Cover Stainer according to the manufacturer’s recommended

protocol (see appendix for full protocol).

6.5 Immunohistochemistry

Formalin-fixed paraffin-embedded sections of all specimens, including lesions and
normal thyroid tissues of the same patients, were retrieved from the archive. Three
pm-thick sectioned tissues were placed on the positively charged slides (SuperFrost
Plus, Menzer- Glaser, and Freiburg, Germany) and deparaffinized with xylene and
alcohol. For the immunohistochemical staining method, we follow the protocol
recommended by the manufacturer of an automated Ventana BenchMark XT
(Ventana Medical Systems, USA). After antigen retrieval, the slides were incubated
with anti-acetyl histone H3 and H4 rabbit polyclonal antibody (catalog No. 06-599,
Lot No. 3022883 and Catalog N0.06-866, Lot N0.2459612, respectively, Millipore,
Germany) at dilution of 1/200 and 1/3,000 respectively, for 1 hour at 37°C.
Thereafter, the UltraView DAB detection kit (Ventana Medical Systems, USA) was

used for secondary antigen and chromogen.
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6.6 Image acquisition

Whole slide images of both H&E slides and Anti-histone antibody IHC slides were
acquired by scanning the conventional glass slides, using the Aperio CS2 whole slide
scanner (Leica Biosystems, Germany) with a 40x lens and one focus layer without Z-
stacking (i.e., several focus planes). The default autofocus mode was used, but in a
few cases, the scanning may need manual focus to optimize the sharpness of the
picture. The image files (. svs format) were stored on a Windows-based computer

running the Aperio Scan Scope software.

6.7 Automated Digital image analysis

All slides stained with the two antibodies were digitalized by Aperio CS2 slide
scanner (Aperio Technologies, USA). Image analysis was done using the Aperio
Imagescope v.12.2.2.5015 software package (Aperio Technologies, USA). Tumor
lesions and normal tissue from the same patients were analysed for comparison. To
minimize the selection bias, five fields of 0.5x0.5 cm-area were chosen for
examination and arbitrarily selected at the superior, inferior, left, right, and centre
aspects. At least 5,000 nuclei were scored for each case. The intensity of
immunostaining was automatically scored using the commercially available nuclear
v.9 algorithm (Aperio Technologies, USA) (Fig.1). The grading scale was
quantitatively defined as follows: 0 (negative), 1+ (weak nuclear staining), 2+
(moderate), and 3+ (strong). The number of nuclei in each category was determined

simultaneously (Fig. 2, 3). Both intensity and proportion scores were then averaged to
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provide an immunohistochemical score representing the degree of histone acetylation

for each case according to the following formula:

HScore = (% of3+ nucleix3) + (% of2+ nucleix2) + (% of1+

nuclei x1)

Fig. 5.0 Example of image analysis with five fields of 0.5x0.5 cm-area arbitrarily selected as superior,

inferior, right, left and centre aspect.
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Fig. 6.0 Example of nuclear staining for 5-methylcytidine (A) with image analysis (B) and result of the
analysis for the selected field with the grading of nuclear intensity as negative (blue), weakly positive

(1+, yellow), moderately positive (2+, orange) and strongly positive (3+, red).

7 Statistical analysis

Descriptive statistics was done with Microsoft Office Excel 2016 (Microsoft, CA).
Further sstatistical analysis was performed with Graph pad Prism 9 statistical
software package. Students paired t test was used to compare variables, between
thyroid lesions and their normal counterparts. Pearson (parametric) correlation was
used to determined relationship between the variables. A p value of <0.05 was

considered statistically significant in all tests.

8 Results

A total of 147 thyroid tumors were enrolled in the study, including 50 PTCs, 19 FTCs,
28 FA and 50 nodular goiter. Clinical and demographic data of the patients is

provided in Table 1.0 (n=147).

For cases with nodular goiter, the Anti-acetyl histone antibody Score (H score) of

their normal thyroid tissue counterpart had significantly higher acetylation level of
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98.92 + 77.33 and 169.05 + 63.01 (mean + SD) for both anti-acetyl histone 3 antibody
(H3K9/K14ac) and anti-acetyl histone 4 antibodies (H4K5,8,12 and 16ac) antibody
respectively when compared to the nodular goitres the average scores of which were
80.4 £ 73.5 and 134.5 + 75.5 respectively. These differences were statistically

significant (p= 0.0016 and p= <0.0001 respectively).

Follicular adenoma (FA) showed a lower level of Anti-acetyl histone 3 and 4 antibody
124.0+74.4 and 157.9+74.4 respectively, compared to the adjacent normal thyroid,
1.33£0.66 and 166.2 + 53.0. However, the differences were not statistically

significant (p=0.33 and p=0.533, respectively).

In the cases of PTC, the anti-acetyl histone 3 antibody showed slightly lower
acetylation level 118.20 +73.99 compared to that of its adjacent normal thyroid tissue,
120.45+£104.12. Nonetheless, the differences were not statistically significant enough
(p=0.86). The average level of anti-acetyl histone 4 antibody was higher in PTC,
156.13+ 66.17, in comparison to its normal counterpart, 144.53 £ 113.15. Again, they

were not significantly different (p=0.46).

For FTC, the acetylation level was slightly higher for both anti-acetyl histone 3 and
histone 4 antibody, 106.89 + 78.27 and 142.30 + 92.89 compared to that of its normal
counterpart 101.77+ 63.62 and 119.37 £ 73.32. However, none of the differences

were statistically significant (p=0.82 and p=0.05 respectively).
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Fig 7.0 Bar Plot of H3K14ac and H4K12ac in Lesions (blank column) and Normal counterpart (pattern). Columns represe
means and Standard deviation (SD). Statistically significant differences between the scores are depicted by solid-li
brackets with *p <0.05

9 Discussion

Although histones have long been considered simple packaging units for DNA, recent
studies have made it clear that histones and nucleosome architecture modifications
actively influence transcriptional regulation and thus may actively participate in many

pathways involved in the cell cycle [11].

Among the many epigenetic changes known thus far, histone acetylation has been
recognized as a fundamental process that strongly affects gene expression regulation.
It’s now known that any changes/ disruption of this phenomenon has been linked to
carcinogenesis [11]. In fact, acetylated histone associates to active gene transcription
and deacetylated histones to gene silencing [12, 13]. Variable degrees of expression
of HDAC:s (histone deacetylases) and HATSs (histone acetyltransferases) are found in

many human malignant tissues. And the histones acetylation seems to influence
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different processes, including the progression of the cell cycle, the dynamics of
chromosomes, DNA recombination, DNA repair, and apoptosis. Thus, the control of
aberrant activity and/or expression of these proteins have been favourable in the

treatment of diseases as cancer.

Moreover, the fact that histone acetylation can be manipulated in vivo by different

anticancer drugs brings in medical interest for its studies[9].

In the present study, we tested whether the levels of acetylated histones are modified
in thyroid lesions compared to their adjacent normal counterpart. Compared to normal
tissue, levels of acetylated H3 at residues K9/K14 and H4 at residue K12 were lower
in nodular goiter and marginally higher in PTC and FTC. These data would suggest
that acetylated levels of H3 at residue K9/14 suffer a reduction during thyroid goiter.
However, we haven’t been able to correlate our findings to other studies since no
studies have compared the level of histone acetylation in goiter to that of normal
thyroid tissue. Many studies have shown a lower level of H3K18 in various cancers,
e.g., prostate cancers. Seligson et al. have demonstrated that lower acetylated H3K18
are associated with cancer recurrence[14]. The same group has also found that
reduced levels of acetylated H3K18 are also associated with the poorer clinical
outcome in lung and kidney cancer patients [15]. Similar data have been reported by
the Nottingham group in studying a large cohort of breast cancer: low levels of
acetylated H3K18 are associated with shorter disease-free survival and breast cancer-
specific survival [16]. However, the findings in our studies for thyroid neoplasms are
not in concordance with other types of tumors from other series. In this study, we

used normal thyroid tissue from the same patient for comparison, unlike other studies
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[17]. We also minimized possible sources of error by performing image analysis
using unbiased field selection with over 5,000 nuclei analyzed in each sample on a
standardized and widely used (Aperio) platform. Increased level of H3 at K9-K14

residue was also demonstrated by Puppin. et al. in both PTC and FTC,

In conclusion, this study demonstrates, for the first time, that nodular goitres have H3
and H4 deacetylation compared with their normal tissue counterpart, whereas,
according to our results, these epigenetic events are not found in well-differentiated
thyroid neoplasms (FA, FTC, and PTC). Further studies in larger scale are warranted

to confirm our findings.
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