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Abstract. Although there is growing interest in the possibility that alterations in histone methylation may play a role in
carcinogenesis, it has not been explored adequately in humans. Similarly, there are no reports of associations between this and
a similar epigenetic event, DNA methylation. Using immunohistochemical staining, we compared the methylation of DNA and
histones in histopathologically normal oral epithelium, dysplastic oral lesions, and squamous cell cancers (SCCs) from subjects
with squamous cell cancer (n = 48) with those of normal oral epithelium from subjects without oral cancer (n = 93) who
were matched on age and race. Monoclonal antibodies specific for 5 methyl cytosine (5-mc), lysine 4 of histone Hs (Hs-Lys4),
and lysine 9 of histone Hs (Hs-Lys9) were used in this study. The percentages of cells positive and a weighted average of the
immunostaining intensity scores were calculated for each of these tissues, and Spearman correlation analyses were employed
to study associations between DNA and histone methylation. Correlations between DNA and histone methylation, Hs- Lys4
and Hs- Lys9 were positive and statistically significant in all tissue types; they were strongest in normal oral epithelium from
non-cancer subjects (r = 0.63, p < 0.001 and » = 0.62, p < 0.001 respectively). Similarly, the positive correlations between
Hs- Lys4 and Hs- Lys9 were statistically significant in all tissue types and strongest in normal oral epithelium from non-cancer
subjects (r = 0.77, p < 0.001). Patterns of DNA and histone methylation are similar in tissues across the spectrum of oral
carcinogenesis, and there is a significant positive association between these two epigenetic mechanisms.

specific methylation of DNA and modifications in his-
tones. Global DNA hypomethylation has been impli-
cated in chromosome instability, loss of imprinting, ab-
normal chromosomal structures and activation of onco-
genes and reactivation of transposons of retroviruses,
all of which may contribute to carcinogenesis [1,10,
13,15]. Ample evidence also exists to support the no-
tion that DNA hypermethylation events in CpG islands

1. Introduction

The major mechanisms in the epigenetic regulation
of genes involve changes in global/CpG island/gene-
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can act as a primary inactivating event contributing di-
rectly to tumorigenesis [9,14]. Methylation of specific
lysine residues in histone tails has been proposed to
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function as a stable epigenetic marker that directs bi-
ological functions ranging from transcriptional regula-
tion to heterochromatin assembly [8]. Methylation of
a specific lysine residue (at positions 4 and 9 in the
amino acid chain) in histone H3 has been shown to be
involved in the regulation of chromatin structure [16].

There is growing evidence that interplay exists be-
tween DNA methylation and histone modifications. It
has been reported that histone modification is crucial
to the process of DNA methylation in some organ-
isms such as Neurospora where abrogation of H3-Lys9
methylation results in loss of DNA methylation [6].
However, for hypermethylated tumor suppressor genes
in human cancer, DNA hypermethylation appears to
be dominant over histone deacytylation part of the hi-
stone code for maintaining a silenced state and DNA
demethylating agent 5-Aza-dC, but not the histone
deacetylase inhibitor TSA, reactivates the expression
of these genes [5].

Subsequent studies have shown that DNA hyper-
methylation, either directly or indirectly, through sup-
pressing transcription, specifies for repressive his-
tone modification at tumor suppressor gene promotion
sites [7]. Loss of CpG methylation is also shown to be
correlated strongly with loss of H3-Lys9 methylation
in patients with Beckwith-Wiedemann Syndrome [11].
Despite this growing interest in these epigenetic mech-
anisms, to our knowledge, associations between global
changes in DNA and histone methylation have not been
reported in humans. We evaluated these associations
in malignant, pre-malignant, uninvolved, and normal
tissues of the oral cavity.

2. Materialsand methods

Subjects and Tissue Specimens. From a list of pa-
tients diagnosed with oral lesions between 1984 and
2000 at the Veterans Administration Medical Center
in Birmingham, AL, we identified 57 subjects with
squamous cell cancers (SCCs) and 115 subjects with
normal oral epithelium (non-cancer subjects). Among
the SCC subjects, 44 had adequate tissue specimens
for evaluation (formalin fixed and paraffin embedded
blocks), and among these, we found malignant tissues
adequate for evaluation in 39 subjects. 44 and 42 of
the cancer specimens had histopathologically normal
appearing uninvolved oral epithelium and dysplastic le-
sions, respectively. All of the non-cancer subjects had
adequate normal oral epithelium to be evaluated. All
39 subjects with adequate SCC tissues were included

in the study. The control group consisted of 93 non-
cancer subjects matched on age and race (two for each
cancer case except for 3 cases, for whom only one non-
cancer case could be matched). One tissue block from
each non-cancer subject was selected to provide a tissue
section that contained adequate normal and uninflamed
oral epithelium. One or more tissue blocks from each
subject with SCC were selected to provide sections that
contained samples of uninvolved oral epithelium and
dysplasia, in addition to the invasive carcinomas.

3. Histological criteria and classification of lesions

Oral epithelium was classified histologically as nor-
mal (in non-cancer specimens), uninvolved (SCC-
associated, but histopathologically normal appearing),
or dysplastic by one of the pathologists (WCB) involved
in the study.

4. Immunohistochemical analysis

Our methods of immunohistochemical analysis with
various antibodies (with/without various antigen re-
trieval techniques) have been reported previously [2,
17]. A comparison of results with and without differ-
ent antigen retrieval techniques revealed that the fol-
lowing protocols gave the optimal results: the slides
containing 4 p thick paraffin tissue sections were de-
paraffinized in xylene, placed in 0.01 M citric acid, pH
6.0, and boiled in a microwave set at full power for
10 minutes. After antigen retrieval, the sections except
for histone assays were cooled, rinsed in dH-0O, and
placed in 3.5 N HCI for 15 minutes at room tempera-
ture to open the DNA. The sections were rinsed with
dH,0 and treated with 3.0% H,O, for 5 minutes to
quench endogenous peroxidase activity. Sections were
incubated with preimmune goat serum (1%) for 1 hour
at room temperature to suppress nonspecific staining
and then subsequently incubated with each antibody
for 1 hour at room temperature. The monoclonal an-
tibody specific for 5-methyl cytosine (5-mc) was pro-
vided by one of the investigators (AN) and the methy-
lation patterns observed in other cancers with this anti-
body are published elsewhere [3,4]. Antibodies used in
histone methylation assays (Anti-dimethyl-Histone Hs
[Lys4]-Catalog # 07-030 and Anti-dimethyl-Histone
Hs [Lys9)-Catalog # 07-212 are commercially avail-
able through Upstate Biotechnology, Lake Placid, New
York. The concentrations of 5-mc, Lys4 and Lys9 an-
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Table 1
Mean (median) percentage of cells positive and weighted average of the immunostaining scores for 5-mc, H3-lys 4 and H3-lys 9

149

in normal and uninvolved oral epithelium, dysplasia and squamous cell cancer (SCC)

Normal oral epithelium  Uninvolved oral epithelium Dysplasia of Cancer

of non-cancer (n = 93) of cancer (n = 44) cancer (n = 42) (n = 39)
% cells positive for 5-mc 37 (35) 34 (33) 48 (50) 51 (55)
Weighted average of 5-mc score 0.53(0.47) 0.48 (0.39) 0.72 (0.69) 0.77 (0.80)
% cells positive for H3-lys 4 33(33) 34 (29) 46 (43) 55 (60)
Weighted average of H3-lys 4 score 0.60 (0.56) 0.52 (0.46) 0.78 (0.70) 0.88 (0.90)
% cells positive for H3-lys 9 34 (33) 33 (30) 49 (55) 47 (50)
Weighted average of H3-lys 9 score 0.54 (0.42) 0.48 (0.45) 0.80 (0.76) 0.74 (0.70)

tibodies used were 1:2000, 1:50 and 5 pg/ml, respec-
tively. Companion matching slides stained with no pri-
mary antibody served as controls (deletes). The re-
mainder of the staining procedure was performed us-
ing a biotin-streptavidin detection system (Signet, Ded-
ham, MA) as described by the manufacturer. The sub-
strate, diaminobenzidine tetrahydrochloride, was used
for visualization of the antigen-antibody complex, and
sections were counterstained lightly with hematoxylin.
Immunostaining was performed without knowledge of
the status (SCC/non-cancer) of the tissues.

5. Assessment of immunostaining

Immunostaining for 5-mc was localized in the nuclei
of the cells. Hs-Lys4 and H3-Lys9 was mainly local-
ized in the nuclei of the cells, but cytoplasmic staining
was seen occasionally in some areas of the epithelium.
Only nuclear staining was evaluated for 5-mc, H 3-Lys4
and Hs-Lys9. Two observers (CJP and WCB) inde-
pendently scored the intensity of immunostaining on
a scale of 0 (no staining) to 4+ (intense staining). In
addition, the percentages of cells at each intensity were
estimated and multiplied by the appropriate intensity
score to obtain a weighted average of the immunostain-
ing score. The final score reported is the average of the
two observers. A lower score reflects a lower degree of
global methylation of DNA or histone.

6. Statistical analysis

Descriptive statistics including mean, median, stan-
dard deviation (SD) of the mean and range were cal-
culated for the percentage of cells positive for 5-mc,
Hs-Lys4, and H3-Lys9, and the weighted average of the
scores for each type of tissue. Differences in immunos-
taining between types of tissues were calculated, and
either the Wilcoxon Rank Sum or the Wilcoxon Sign
Rank test was employed to test for differential staining

between different types of tissues. Spearman corre-
lation analyses were employed to test for associations
between DNA and histone methylation.

7. Results

All subjects in this study were males. The mean age
of subjects diagnosed with cancer was 59 + 9 years.
The mean age of the non-cancer group was also 59 +
9years. 20% and 80% of subjects in each group (cancer
and non-cancer) were African Americans and Whites
respectively. The immunostaining results of different
types of tissue are shown in Table 1. There was no
significant difference in percentages of cells positive or
weighted averages of the immunostaining scores for 5-
mc, Hs-Lys4 and Hs-Lys 9 between uninvolved normal
epithelium of cancer subjects and normal epithelium
of non-cancer subjects (p > 0.05 for all comparisons).
The percentages of cells positive and the immunostain-
ing scores for 5-mc, Hs-Lys4 and Hs-Lys9 were sig-
nificantly higher in dysplastic lesions and cancer cells
compared to normal oral epithelium of non-cancer sub-
jects (p < 0.05 for all comparisons). Among cancer
subjects, the percentages of cells positive and the im-
munostaining scores for 5-mc, Hs-Lys4 and Hs-Lys9
were significantly higher in dysplastic lesions and in
cancer tissues compared to uninvolved oral epithelium
(p < 0.05 for all comparisons). When matching on age
and race was taken into account, the results remained
the same suggesting that the differences in the pattern
of DNA and histone methylation between cancer and
non-cancer are unlikely to be due to differences in age
and race. Figure 1 shows the representative patterns
of immunohistochemical staining for 5-mc, H 3-Lys4,
and H3-Lys9 in the normal oral epithelium and in oral
cancer. The correlations between 5-mc and Hs-Lys4
or Hs-Lys9 and between Hs-Lys4 and Hs-Lys9 using
percentages of cells positive for each marker are shown
in Table 2. The correlations followed a similar mag-
nitude and statistical significance when weighted score
averages were used (data not shown).
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Fig. 1. Imuunohistochemical staining for 5-mc (Al-normal, A2-cancer), H3-Lys4 (B1-normal, B2-cancer) and H3-Lys9 (C1-normal, C2-cancer).

8. Conclusion

To our knowledge, there are no reports of the patterns
of global histone methylation in specific cells involved
in human carcinogenesis. Several studies have reported
positive associations between DNA hypermethylation
and Hs-Lys9 methylation and an inverse association
between DNA methylation and Hs-Lys4 methylation
in specific regions of genes [19]. In this study, we ob-
served that global DNA methylation is positively asso-
ciated with methylation of both Lys4 and Lys9. Also,
we report a significant positive association between
methylation of Lys9 and Lys4. Since methyl groups
for both DNA and histones are provided by common
pathways, it is entirely conceivable that their global
methylation status is positively associated. It is also
known that the signal for DNA methylation is trans-
lated by methyl-CpG binding proteins, such as MeCP2.
MeCP2 has been reported to induce deacetylation of
lysine residues on Hs, thus allowing methylation of
lysine by histone methyltransferases [12,18].

We previously reported that SCCs of the lung
are globally hypomethylated compared to normal
bronchial epithelium of non-cancer subjects and SCC

associated uninvolved bronchial epithelium, epithelial
hyperplasia and dysplasia [3]. Using the same assay
methodology, we now report that DNA of dysplastic
lesions and SCCs of the oral cavity are significantly
hypermethylated compared to uninvolved oral epithe-
lium of the same subjects and to normal oral epithelium
of non-cancer subjects. These observations demon-
strate that methylation patterns in primary cancers of
the aerodigestive tract are site-specific. Such differ-
ences challenge the prevailing concepts of the pattern
of global methylation on carcinogenesis. Likely rea-
sons for these observations have been discussed else-
where (Piyathilake CJ, Bell WC, Jones J, Henal OL,
Heimburger DC, Niveleau A, Grizzle G. The patterns
of global DNA methylation in oral carcinogenesis, ac-
cepted for publication).

The differences in global DNA and histone methyla-
tion between neoplastic/dysplastic and normal tissues
may be secondary in nature reflecting neoplatic pro-
gression and may be unrelated to the process of carcino-
genesis, but it is interesting that the two events follow
a similar pattern in these tissues. Although the mech-
anisms of the pattern of DNA and histone methylation
and their association to each other in oral carcinogen-
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Table 2

Correlations between 5-mc (DNA methylation) and H3-lys 4 and H3-lys 9 (histone methylation), and between H3-lys 4 and H3-lys
9 in different tissues. Spearman correlation coefficients (r) and p values are shown

Normal oral
epithelium of non-cancer

Uninvolved oral
epithelium of cancer

Dysplasia Cancer

of cancer

5-mc and H3-lys 4
5-mc and H3-lys 9
H3-lys 4 and H3-lys 9

r = 0.63, p < 0.0001
r = 0.62, p < 0.0001
r=0.77, p < 0.0001

r = 0.43, p = 0.008
r = 0.47, p = 0.003
r = 0.55, p = 0.0005

r = 0.49, p = 0.001
r = 0.38, p = 0.040
r =0.49, p = 0.001

r = 0.59, p = 0.0003
r = 0.48, p = 0.004
r = 0.54, p = 0.002

esis are unclear, the consistency in results across sev-
eral lesions of the oral epithelium indicate that these
two methylation events are likely to be associated with
each other. Further studies are needed to evaluate their
significance in the process of carcinogenesis.
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