
Abstract. Background/Aim: No blood-based biomarkers
are available to differentiate between colonic tumors and
precancerous polyps. Previously we demonstrated levels of
trimethylated H4K20 (H4K20me3) to be lower in blood
plasma from patients with colon cancer than those from
cancer-free individuals. Herein, we added individuals with
precancerous polyps for the first time in order to analyze and
investigate the usefulness of plasma H4K20me3 and histone
H4 to discriminate colon tumors from precancerous polyps.
Materials and Methods: The study included a cohort of 185
individuals undergoing colonoscopy. H4K20me3 and histone
H4, measured by an enzyme-linked immunosorbent assay-
like assay in plasma, were analyzed according to
colonoscopy findings. Results: Levels of H4K20me3 were
lower in patients with colon cancer than in individuals with
normal colonoscopy and those with precancerous polyps
(p=0.02 and p=0.01, respectively). In contrast, highest
quantities of histone H4 were measured in those with colon
cancer compared to other groups (all p<0.01). Conclusion:
Beside H4K20me3, plasma histone H4 is a useful marker to
discriminate colonic tumors from precancerous polyps and
other conditions. 

Colon cancer is the most common malignancy of the
gastrointestinal tract and the third leading cause of cancer-
related death, with a decline in the incidence and mortality
since 1998 (1). Only a small proportion (approx. 14%) of
colon cancer cases are diagnosed at an early stage. Overall
survival rates are higher (around 90% at 5 years) for patients

with cancer localized to the colon. Accordingly, survival
declines with the advancement of disease, being only 14% at
5 years after diagnosis for patients with distant metastases (2).

Colon cancer typically develops from precancerous
polyps, mainly of adenomatous pattern (3). Thus, screening
and detection of early-stage precancerous polyps in average-
risk individuals make colon cancer a preventable disease and
accordingly has led to substantial reduction in the incidence
of colon cancer. Each with different strengths and
limitations, multiple screening options such as stool-based
tests, flexible sigmoidoscopy, and colonoscopy are available
(4). Among direct visualization tests, colonoscopy has
proven the most effective examination for reducing colon
cancer mortality (5) and is considered ‘gold standard’ in
colon cancer screening. However, it is an invasive procedure,
affecting patient compliance, and is associated with some
risks, including bleeding. 

Most colonic/rectal tumors develop through a multistep
process involving a series of histological, morphological, and
genetic/epigenetic alterations that accumulate over time (6).
The underlying genetic/epigenetic mechanisms in the
development of colon cancer are quite heterogeneous (7). This
heterogeneity results in a lack of reliable biomarkers with high
sensitivity and specificity for detection of colonic tumors. In
recent years, liquid biopsy has increasingly been recognized
as a novel source of biomarkers (8). Several candidate
biomarkers are being tested for their relevance and potential
utility in cancer, including colon cancer. A potential field of
blood-based biomarkers is the detection of cancer-related
histone modifications in blood. This is a rapidly growing area
of biomarker research (9-13). By employing chromatin
immunoprecipitation (ChIP)-based polymerase chain reaction
(PCR) and the sequencing of ChIP-related plasma DNA or
simple enzyme-linked immunosorbent assay (ELISA)-like
measurement, we previously showed levels of trimethyl
histone H3 lysine 20 (H4K20me3), a heterochromatin-
enriched modification, to be lower in plasma samples from
patients with colonic/rectal cancer than in plasma from cancer-
free individuals (9-11). 
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In this cross-sectional study, we assessed the relevance of
plasma H4K20me3 and histone H4 in discriminating colonic
cancer from precancerous polyps or other conditions. We
added total histone H4 as an additional marker to the
analysis. Individuals with precancerous polyps were added
for the first time as a control group to the analysis. 

Materials and Methods 

Study subjects. The study cohort included 185 individuals who
underwent colonoscopy at the Department of Surgery at Istanbul
Medical Faculty Hospital for various reasons between September
2016, and June 2018. The study variables (H4K20me3 and total H4)
were measured with no knowledge of the colonoscopy outcomes.
After measurement of the samples, the provided colonoscopy findings
were as follows: normal colonoscopy findings in 79, diverticular
disease in 15, non-neoplastic polyps in 15, neoplastic/precancerous
polyps in 31, colon tumors in 40, and other findings in four (Table I).
Diagnosis of colonic polyps and colonic tumors was made
pathologically from biopsy specimens taken during colonoscopies.
This study was approved by the Ethics Committee of Istanbul
Medical Faculty (approval number 2015/413128), and informed
consent was obtained from the participants. 

Processing blood samples. Blood samples were taken into EDTA-
tubes before the colonoscopy procedure and within 3 h of
withdrawal were centrifuged (10 min at 717 × g) to obtain the
plasma fraction, which was then re-centrifuged and stored in
aliquots at −80˚C until assayed. 

Measurement of H4K20me3 and total histone H4 in blood plasma.
The commercially available EpiQuik Global Tri-Methyl Histone
Quantification Kit (Epigentek, Farmingdale, NY, USA) and the
EpiQuik Total Histone H4 Quantification Kit (Epigentek) were
employed for the ELISA-like measurement of H4K20me3 and total
histone H4 in plasma, respectively. Intra- and intra-assay variability
analysis and measurements were determined as described previously
(11). The intensity of absorbance was proportional to histone
methylation or total histone H4 concentration in plasma. Mean
absorbance values from duplicates were considered relative plasma
levels of H4K20me3 or histone H4. 

Quantitation of H4-linked nucleosomal DNA. As histone H4
measurement was included for the first time in our plasma histone
research, we wished to quantify H4-related nucleosomal DNA in
patients with colon cancer and precancerous polyps. For this
purpose, nucleosomal DNA was extracted from nucleosomes that
bound to anti-H4 antibody immobilized on assay wells. For this, 50
μl plasma was added to assay wells and after antigen–antibody
binding, wells were washed several times. Nucleosomal DNA was
released from immune complexes by adding 100 mM NaHCO3, 1%
sodium dodecyl sulfate and proteinase K and incubating plates at
65˚C for 15 min.  Subsequently, extracted DNA was cleaned using
an appropriate DNA purification kit (Roche Diagnostics, Mannheim,
Germany). Nucleosomal DNA was then quantified by amplifying
the long interspersed element-1 (LINE1) repeat in quantitative PCR
using SYBR Green (Power SYBR Green Master Mix; Applied
Biosystems, Austin, TX, USA) in LightCycler 480 Instrument
(Roche Diagnostics). By serial dilution of genomic DNA with

known concentration, a standard curve was generated, and the
concentration of nuclesomal DNA was determined in ng/ml. 

Measurement of carcinoembryonic antigen (CEA) and cancer
antigen 19-9 (CA19-9) in patients with colon cancer. CEA and
CA19-9 levels were measured in sera of patients with colon cancer
using commercial assays (Roche Diagnostics) that were run on an
immunochemistry analyzer (COBAS E411; Roche Diagnostics).
Measurement of the tumor markers was based on an
electrochemiluminescence sandwich immunoassay. The lower limit
of CEA detection was 0.2 ng/ml and that of CA19-9 was 0.6 U/ml.

Statistical analysis. We present study findings as median, quartiles
and total ranges. Discrimination between the study groups was
assessed using the Mann–Whitney U-test. Sensitivity and specificity
profiles for all possible cutoffs of plasma H4K20me3 and histone
H4 were assessed using receiver operating characteristic (ROC)
curves and areas under the curves (AUC). A p-value of less than
0.05 was considered statistically significant. Calculations were
performed using the statistical software GraphPad Prism 5
(GraphPad Inc., La Jolla, CA, USA). 

Results

Plasma H4K20me3, and histone H4 levels were measured
for 177 individuals in a blinded manner irrespective of
colonoscopy finding. We found no correlation between
H4K20me3 and total histone H4 in plasma (data not shown).
After measurement, values were assessed according to
colonoscopy findings. Figure 1A illustrates plasma levels of
H4K20me3 and H4 in individuals with normal colonoscopy
findings, patients with diverticular disease, non-neoplastic
polyps, precancerous polyps, and colonic/rectal tumors. We
found the lowest levels of H4K20me3 in plasma from
patients with colonic cancer (relative median value 0.19). In
other groups, relative plasma values of H4K20me3 ranged
from 0.23 to 0.29. The difference between patients with
colon cancer and individuals with normal colonoscopy
findings or neoplastic polyps was statistically significant
(p=0.02 and p=0.01, respectively). This finding is in line

in vivo 33: 1653-1658 (2019)

1654

Table I. Colonoscopy findings of the study participants.

                                                                Gender, n

Colonoscopy finding            n           Female       Male          Median age, 
                                                                                                     years

Normal colonoscopy           79             49              30                    53
Colonic polyps                    46             19              27                    59
Neoplastic                            31                                                         
Non-neoplastic                     15                                                         
Colonic tumor                      40             18              22                    61
Diverticular disease             15               5              10                    65
Other                                      4               2                2                    58



with our previous reports (9-11) confirming lower levels of
H4K20me3 in blood circulation of patients with colon cancer
and reveals that plasma H4K20me3 levels differ between
colon cancer and precancerous states. 

In contrast to H4K20me3, we found markedly higher
quantities of total histone H4 in plasma from patients with
colon cancer compared with other groups (Figure 1B). The
relative median level of total H4 in patients with colon
cancer (0.57) was significantly higher than that in individuals
with normal colonoscopy (0.37, p<0.001), patients with
diverticular disease (0.35, p=0.002), non-neoplastic polyps
(0.34, p=0.008) or with precancerous polyps (0.34,
p<0.001). This marked difference in H4 histone level was
also documented by quantifying H4-related nucleosomal
DNA. This analysis revealed significantly higher levels of
H4-related nuclesomal in patients with colon cancer
compared with those with precancerous polyps (median 36
vs. 20 ng/ml, respectively) (Figure 1C, p=0.02). 

The ROC curves in Figures 2 and 3 exemplify the
capability of plasma H4K20me3 and histone H4 to
discriminate those with colon cancer from those with other
conditions. For plasma H4K20me3, we obtained AUC values
of 61% and 69% for discriminating colonic tumors from
normal colonoscopy findings and precancerous polyps,
respectively. The diagnostic potential of histone H4 was
higher, with AUC values of 79%, 83% and 79%, for
discriminating colon cancer from normal colonoscopy and
precancerous polyps, and all non-cancer conditions,
respectively. The median value of histone H4 (0.57) in
patients with colon cancer had 50% sensitivity and 91%
specificity for discriminating them from individuals with
normal colonoscopy. The specificity of this value was higher
(96%) for the discrimination of colon cancer from
precancerous polyps. 

Finally, we analyzed the association of H4K20me3 and
histone H4 with clinical characteristics of the patients with
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Figure 1. Plasma level of histone H4K20me (A), H4 (B) and H4-related nucleosomal DNA (C). Commercially available kits were employed to
measure plasma H4 and H4K20me3 levels by an enzyme-linked immunosorbent assay-like approach using 50 μl of plasma samples in duplicate.
The intensity of absorbance is proportional to total histone H4 or H4K20me3 concentration. Mean absorbance values were considered relative
plasma levels of H4K20me3 or histone H4. Nucleosomal DNA was extracted from anti-H4 antibody-bound nucleosomes and was quantified in qPCR
by amplifying the long interspersed element-1 (LINE1) element. The amount of DNA is shown in ng/ml. The bars indicate the ranges of the measured
parameter. The lines in boxes represent median values, whereas the boxes symbolize the 25-75% percentiles. Asterisks indicate extreme values.



cancer, including tumor markers CEA and CA19-9 (Table II).
This analysis revealed plasma H4K20me3 to be associated
with lymphatic metastasis as patients with positive lymph
nodes had significantly higher levels of H4K20me3 than those
with N0 tumors. For histone H4, we found no significant
associations. 

Discussion

Using different techniques, we previously showed plasma
levels of H4K20me3 to be lower in patients with colon cancer
than in healthy individuals (9, 10). In the most recent study,

we employed colonoscopy-verified colonic cancer-free
individuals without colonic polyps as a control group (11).
Here in addition to colonoscopy-verified colon cancer-free
individuals, patients with precancerous polyps were included
in the study cohort as controls. From a cohort of 177
individuals who underwent colonoscopy, 29 individuals were
found to have precancerous polyps. In addition to H4K20me3,
we included total histone H4 for the first time in the analysis.

Our results confirm the level of H4K20me3 in blood
plasma to be lower in patients with colon cancer than in
control groups, including those individuals with precancerous
polyps. This finding argues for tumor specificity in the
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Figure 2. Diagnostic value of plasma H4K20me3 in colon cancer. Receiver operating characteristic curves were generated comparing patients with
colon cancer and individuals with normal colonoscopy findings (A) and those with precancerous polyps (B), with area under the curve values of
61% and 69%, respectively. 

Table II. Association of H4K20me3 and histone H4 with demographic and clinical characteristic of patients with colon cancer.

Variable                                                                           Number of           Median H4K20m3             p-Value           Median histone H4          p-Value
                                                                                          patients                          level                                                            level

Age                                       ≥60 Years                                22                                0.18                             0.8                           0.58                           0.7
                                             <60 Years                                18                                0.19                                                             0.57                             
Gender                                  Male                                        22                                0.18                             0.4                           0.52                           0.1
                                             Female                                     18                                0.21                                                             0.60                             
Tumor diameter                   ≥5 cm                                      25                                0.19                             0.6                           0.59                           0.8
                                             <5 cm                                      15                                0.18                                                             0.54                             
Tumor localization               Left colon                                20                                0.18                             0.7                           0.58                           1.0
                                             Right colon                             20                                0.19                                                             0.57                             
Diferentiation                      Well/medium                           29                                0.22                             0.1                           0.54                           0.2
                                             Poor                                         11                                0.13                                                             0.64                             
Lymphatic metastasis          N0                                            17                                0.14                             0.02                         0.60                           0.9
                                             N1, N2, N3                             23                                0.31                                                             0.55                             
Lymphocyte infiltration       No                                            27                                0.18                             0.4                           0.59                           0.1
                                             Yes                                           13                                0.21                                                             0.51                             
CEA                                     ≤5 ng/ml                                  26                                0.18                             0.1                           0.52                           0.2
                                             >5 ng/ml                                  14                                0.14                                                             0.64                             
CA19-9                                 ≤37 U/ml                                 32                                0.23                             0.8                           0.58                           0.8
                                             >37 U/ml                                   8                                0.21                                                             0.56                             



reduction of H4K20me3 in blood circulation and in line with
previous reports describing global loss of H4K20me3 in
cancer cells (14-17). However, due to the high heterogeneity
possible amongst colonic tumors, the diagnostic potential of
this marker appears to be limited. Not only tumor
heterogeneity, but also stability issues of histone methylation
in blood circulation might be confounding factors in variation

of H4K20me3 levels among patients with cancer and controls.
On the other hand, colonoscopy and many pre-analytical
variables were shown to have no significant influence on the
level of histone methylation in circulating nucleosomes (18).

We found higher quantities of total histone H4 in blood
plasma of patients with colon cancer than in control groups.
More interestingly, the statistical power of total histone H4 in
discriminating colon cancer from precancerous polyps or other
conditions was higher than that of H4K20me3. Subgroup
analysis revealed no difference between small and larger
tumors, suggesting diagnostic applicability of this marker in all
stages. Elevation of total histone H4 in blood plasma of
patients with colon cancer is likely a result of increased release
of nucleosomes into the circulation as circulating nucleosomes
are detected at increased rates in patients with cancer due to
higher cellular turnover (19) and are relatively stable in
circulation (20). In accordance with this, we found higher
levels of histone H4-related nucleosomal DNA in patients with
colon cancer than in those with precancerous polyps,
confirming higher quantities of nucleosomes in colon cancer.
However, this was not reflected in plasma levels of
H4K20me3, indicating that total amounts of histones are not
an index of histone methylation levels in blood circulation. 

In summary, in line with our previous reports, the findings of
the present study indicate a reduction of H4K20me3 levels in
patients with colon cancer. For the first time, this was confirmed
through the comparison of cancer versus premalignant state.
However, despite its lower levels in patients with colon cancer,
the potential of plasma H4K20me3 as a diagnostic marker is
limited. We found higher amounts of total histone H4 in plasma
of patients with colon cancer, with higher sensitivity and
specificity in discriminating colon cancer from other conditions,
including normal colonoscopy findings, precancerous polyps and
diverticular disease. Further studies with larger sample sizes are
warranted to more accurately evaluate the diagnostic impact of
this marker in colon cancer, and in other cancer types.
Nucleosome-based biomarkers combined with current
biomarkers might increase both specificity and sensitivity of
tumor detection and may be helpful in individualized precision
medicine-based treatments for patients (21).
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Figure 3. Diagnostic value of plasma histone H4 in colon cancer.
Receiver operating characteristic curves include the comparison of
patients with colon cancer with individuals with normal colonoscopy
findings (A), those with precancerous polyps (B), and all non-cancer (C),
with area under the curve values of 79%, 83%,  and  79%, respectively. 
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