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Investigation of the human H3.3B (H3F3B) gene expression as a
novel marker in patients with colorectal cancer
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Background: H3.3 histone is a replacement histone subtype that is express in entire cell cycle phases and
overexpress in transcriptionally active regions, promoter regions, and intergenic or intragenic regulatory
elements. This histone encoded by two genes termed H3.34 (H3F3A) and H3.3B (H3F3B). Mutations
of these two genes lead to some human cancers such as chondroblastoma, osteosarcoma, and epithelial
ovarian cancer. The aims of this study were to quantitatively examine the expression of H3.3B gene in
colorectal cancer (CRC) and to correlate their expression level with demographics and clinicopathological
characteristics.

Methods: We investigated H3.3B gene expression in CRC by relative quantitative real-time polymerase
chain reaction (real-time PCR) technique for the first time. For this purpose, total RNA extracted, then
c¢DNA synthesized and H3.3B gene expression was evaluated with specific primers by real-time PCR in
tumoral tissues and adjacent normal tissues of 36 patients with CRC, then statistical analysis was performed
using SPSS software.

Results: The results of this study indicated that H3.3B gene significantly overexpressed in tumoral tissue
than adjacent normal tissue. Furthermore, statistical analysis represented the significant correlation between
the H3.3B gene expression and some of the clinicopathological characteristics.

Conclusions: Our study showed that H3.3B gene expression changes can be useful as a probable prognosis
biomarker in the early stages of CRC before it metastasized.
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Introduction

Histones are a family of basic proteins that associate with
DNA and help it to condense into chromatin. This family
of proteins has five classes that include: H1, H2A, H2B, H3,
and H4. All classes consist of several subtypes except H4
(1,2). Histone genes are classified into three groups. The
first group includes the replication-dependent histones that
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are express only at the S phase of the cell cycle. The second
group includes replication-independent histones that are
express in all phases of the cell cycle, and the last one is
testis-specific histones that express only in the testicular
tissue (2). Histone H3 family include a large family of
histones that contain H3.1, H3.2, H3.3 (H3F3), CENP-A/
cenH3 and testis-specific histones like H3t (3). H3.3
histone is a replacement histone subtype that is express in
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Table 1 Features of designed primers

65

Genes Tm (¢J) GC (%) Primer sequence (5'- 3') Amplicon size (bp)
H3.3B
Forward primer 61.83 55 TGCTGGTTTTTCGCTCGTCG 105
Reverse primer 61.43 50 GCCATTTTCTTTCACCCAACGC
GAPDH (real-time PCR)
Forward primer 67.14 66.67 GCAGGGGGGAGCCAAAAGGGT 219
Reverse primer 65.37 61.90 TGGGTGGCAGTGATGGCATGG

PCR, polymerase chain reaction.

entire cell cycle phases (it is independently express from S
phase) and overexpress in transcriptionally active regions,
promoter regions, intergenic or intragenic regulatory
elements, and heterochromatin regions of telomeric,
subtelomeric and pericentromeric regions (helping to
protect and maintenance the integrity of the genome) (3-6).
H3.3 histone encoded by two genes called H3.34 (H3F3A)
and H3.3B (H3F3B) located on chromosome 1 and
chromosome 17, respectively. These genes encode an
identical histone protein despite the differences in DNA
sequence, regulatory region, and promoter sequence (3,5-7).
Mutations in these genes lead to some human cancers
such as chondroblastoma, osteosarcoma, epithelial ovarian
cancer, and pediatric gliomas (3,7,8). One of the most
important cancers that diagnosed normally one million
people each year in the world is colorectal cancer (CRC)
(9,10). CRC is a surface epithelial carcinoma of the colon and
rectum caused due to irregular growth of cells and began
as clumps of benign cells, called polyps (11). Over time,
some of these polyps become cancerous (12). Screening is
recommended over the age of 50 or earlier if the patient is
at an increased risk of development, to detect the polyps
before they become cancerous (13). According to reported
of American Cancer Society based on 2015 cancer facts,
cancer is caused by environmental factors, such as physical
carcinogens, tobacco, infectious organisms, and internal
factors, such as genetic changes. Some of these changes like
overexpression of epidermal growth factor receptor (EGFR)
can cause CRC (14,15). As a result of overexpression of
this pathway, some of the transcriptional factors (TFs) such
as cAMP response element binding protein (CREB) and
activating transcription factor 1 (ATF1) that are H3.3B gene
transcription factors, activated (5,14,16).

We assumed that activation of these factors can lead to
increased H3.3B gene expression. Therefore, for the first
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time, we investigated [3.3B gene expression in Iranian CRC
patients by relative quantitative real-time polymerase chain
reaction (real-time PCR) technique and we would want to
study the correlation between the expression of this gene and
patient’s demographics and clinicopathological variables.

Methods
RNA extraction and cDNA synthesis

Tumoral and adjacent normal tissues were obtained from 36
patients (normal tissue sampled at least 5 cm from primary
tumors) from Hazrat-e-Rasoul Hospital, Tehran, Iran at six
years. Tissues specimens immediate snap-freezing in liquid
nitrogen and archival at -80 °C until further use. Total RNA
was extracted from the CRC samples using a standard protocol
with Roche TriPure Isolation Reagent. Quantity and quality
of extracted RNA were assessed using spectrophotometer
(NanoDrop) and agarose gel electrophoresis, respectively. The
homogenization of the extracted total RNA was performed
for cDNA synthesis and then, cDNA synthesized with the
appropriate amount of RNA at the intended concentration
(7,000 ng/pL) of DNA-free total RNA using the Thermo
Scientific RevertAid First Strand cDNA synthesis kit according
to the manufacturer’s recommendations.

Real-time quantitative PCR

The expression analysis of H3.3B gene was performed by
Rotor-Gene 6000 real-time PCR machine using H3.3B
and GAPDH specific primers as an interest gene and
an endogenous reference gene, respectively (Tuble I).
Real-time PCR was performed with 0.5 pL. of H3.38 cDNA,
0.3 pL of each primer, 5 pL. of 2x Yekta-Tajhiz Super SYBR
Green qPCR Master Mix in a final volume of 10 pL. PCR
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Table 2 Patient’s demographics and tumor characteristics of CRC
population

Characteristics Number of patients, N=36 (%)

Patient demographics

Age (years)

Average [range] 55 [26-79]

<55 15 (41.7)

>55 21 (58.3)
Gender

Male 19 (52.8)

Female 17 (47.2)

Tumor characteristics

Tumor localization

pT1 2 (5.6)

pT2 6 (16.7)

pT3 24 (66.6)

pT4 4(11.1)
Historical grading (WHO)

Poorly 1(2.8)

Moderately 22 (61.1)

Well 13 (36.1)
Histopathological tumor staging

Stage 1 3(8.3)

Stage 2 11 (30.6)

Stage 3 20 (55.6)

Stage 4 2 (5.5)
Lymph node involvement

N- 16 (44.4)

N+ 20 (55.6)
Regional lymph node status

NO 16 (44.4)

N1 16 (44.4)

N2 4(11.2)

CRC, colorectal cancer.

conditions were: 95 °C 7 min; then 40 cycles of (95 °C 20 s,
65 °C 125,72 °C 12 s). Real-time PCR raw data analyzed by
using Linreg software and PCR replication efficiency and CT

numbers were obtained for each reaction, then the expressions
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fold change of the H3.3B gene were calculated with the Pfaffl
mathematical method by using REST 2009 software.

Patient’s demographics and clinicopathological characteristics

Total of 36 patients included 19 men and 17 women
were diagnosed with colorectal cancer. The patient’s
demographics (sex and age) and clinicopathological
data (tumor localization, historical grading (WHO),
histopathological tumor staging, lymph node involvement,
and regional lymph node status) of these 36 patients are
presented in Table 2.

Statistical analysis of H3.3B gene expression

To determine the methods of statistical analysis, at the
first, normality of data was assessed using Kolmogorov-
Smirnov, Shapiro-Wilk and other statistical analysis with
IBM SPSS Statistics v.24 software. After confirming normal
distribution of data, we used independent-samples #-test
and one-way ANOVA test to determine the association
between expressions of the gene of interest and patient’s
demographics and clinicopathological characteristics. In all
experiments, 95% confidence interval were used and the P
value <0.05 was considered as significant.

Results

Optical density (A260/280) of RNA samples and synthesized
¢DNA

The quantity and quality of extracted RNA were assessed
by determining the optical density (OD A260/280) ranging
from 1.8 to 2 with the concentration between 3,000 to
8,000 ng/pL and using agarose gel electrophoresis,
respectively (Figure 1A4). Synthesized cDNA was assessed
using GAPDH endogenous reference gene and H3.3B as an
interest gene PCR (Figure 1B,C).

Analysis of H3.3B gene expression in normal and tumoral
tissues

After analysis of real-time PCR raw data and analysis
of expression fold change, our results showed that the
level of H3.3B gene expression in tumoral tissues is
significantly higher than adjacent normal tissues (P value
=0.026) (Figure 24).
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Figure 1 Agarose gel electrophoresis of (A) 4 samples of extracted
RINA (I to IV). 5,025 bp band of 28S rRINA and 1,870 bp band of 18S
rRINA separate by Fisher BioReagents 2000 DNA ladder; (B) GAPDH
PCR of 4 samples of synthesized cDNA (I to IV) separate by Thermo
Scientific GeneRuler 100 bp DNA Ladder; (C) H3.3B PCR of
4 samples of synthesized cDNA (I to IV) separate by Thermo Scientific
GeneRuler 100 bp DNA Ladder and negative control (NTC) lane.
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Association between H3.3B expression and patient’s
demographics and clinicopathological characteristics of the
CRC

We observed that H3.3B expression was not significantly
associated with age, gender, tumor localization, and historical
grading but significantly associated with histopathological
tumor staging, lymph node involvement, and regional lymph
node status of the CRC patients (7zble 3). For analysis
Post-hoc test, at the first, we assessed equality of variance of
significant data by Levene test, then Tukey test was selected.
Our finding was shown that H3.3B gene expression,
significantly associated with stage 3 (P value =0.023) and
N1 (P value =0.025) in histopathological tumor staging and
regional lymph node status, respectively (Figure 2B,C,D).

Discussion

Despite recent advances in prevention, diagnosis, and
treatment of cancer, cancer is one of the causes of mortality
among people under age 85 (17). Normal cells have a
limit cell cycle but cancer cells are able to divide more
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Figure 2 Real-time PCR results of H3.3B gene for patients with colorectal cancer. (A) Comparing the level of H3.3B gene expression

in normal and tumoral tissue; (B) associations between H3.3B expression and lymph node involvement; (C) associations between H3.3B

expression and regional lymph node status; (D) associations between H3.3B expression and histopathological tumor staging. *, statistically

significant, P<0.05.
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Table 3 Associations between H3.3B expression and patient’s
demographics and tumor characteristics of the CRC patients

Characteristics P value
Age 0.185
Gender 0.485
Tumor localization 0.700
Historical grading 0.537
Histopathological tumor staging 0.009*
Lymph node involvement 0.006*
Regional lymph node status 0.023*

*, statistically significant, P<0.05. CRC, colorectal cancer.

quickly than normal cells and they are able to exceed the
thresholds of the cell cycle (18,19). One of the deadliest
cancers in the world based on 2013 cancer facts provided
by the American Cancer Society is CRC. According to
the International Agency for Research on Cancer the
highest and the lowest rate of new cases incidence of CRC,
diagnosed in Australia-New Zealand and in Western Africa,
respectively (20). There are many genetics mechanisms that
can contribute to CRC. One of this mechanism is activation
of oncogene pathways (21). CRC caused from 25% to 82%
by the increase of EGFR expression in intestinal epithelial
cells that can activate Mitogen-activated protein kinases
(MAPK) signaling pathway. Overactivation of this pathway
promotes cell survival and proliferation factors, regulatory
factors, translation and transcription factors such as CREB
and ATF1 factors. These two factors are [H3.3B gene
transcription factors (5,14,16). So, we assumed that increase
of these two transcription factors leads to overexpression
of H3.3B gene in CRC, the second reason for selected
this gene as a candidate gene was, the presence of high
amount of H3.3 histone in transcriptionally active regions,
promoter regions, and intergenic or intragenic regulatory
elements and also the high rate of genes transcription
in cancer cells, Furthermore, studies showed that, H3.3
histone can convert silenced chromatin to active chromatin
(3-6,22,23). Therefore, we assumed that H3.3B gene that
it accumulated in genome active regions and then, can
activated gene expression, will be overexpressed in CRC.
So for these reasons, we selected this gene as a candidate
gene in patients with CRC. In this paper, we demonstrated
3-fold overexpression of H3.3B mRNA in tumoral tissues
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than adjacent normal tissues. No clear correlation could be
observed between H3.3B expression and age, gender, tumor
localization, and historical grading but statistical analysis
showed that there is the significant association between
expressions of this gene and histopathological tumor staging
(stage 3), lymph node involvement, and regional lymph
node status (N1) of the CRC patients.

Conclusions

Our findings indicate that overexpression of H3.3B gene
in stage 3 of CRC can help the doctor to quickly estimate
patient’s prognosis of cancer before metastasized, so we can
introduce H3.3B gene as a probable prognosis biomarker in
patients with CRC.
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