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Fucoxanthin may inhibit
cervical cancer cell
proliferation via
downregulation of HIST1H3D

Guoliu Ye , Lingling Wang, Kang Yang and
Caizhi Wang

Abstract

Objective: To investigate the role of fucoxanthin, reported to have significant anticancer effects,

and histone Cluster 1 H3 Family Member D (HIST1H3D; implicated in tumorigenesis) in cervical

cancer.

Methods: The half maximal inhibitory concentration (IC50) of fucoxanthin against HeLa and

SiHa cervical cancer cells was determined. Differentially expressed genes (DEGs) in SiHa cells

treated with IC50 fucoxanthin were screened by high-throughput techniques and subjected to

signal enrichment. Following identification of HIST1H3D as a candidate gene, HIST1H3D-

knockdown models were created via transfection with a short hairpin HIST1H3D payload.

Impacts on cell proliferation, cell-cycle distribution, colony formation, and apoptosis were

studied.

Results: The fucoxanthin IC50 was 1 445 and 1 641 mM (Hela and SiHa cells, respectively). Chip

results revealed 2 255 DEGs, including 943 upregulated and 1 312 downregulated genes, in

fucoxanthin-treated versus untreated SiHa cells. Disease and function analysis indicated that

these DEGs are primarily associated with cancer and organismal injuries and abnormalities,

and online integrated pathway analysis showed that the DEGs were mainly enriched in p53

signalling. HIST1H3D was significantly downregulated in response to fucoxanthin. Inhibition of

HIST1H3D mRNA significantly reduced cell proliferation and colony formation, significantly aug-

mented the percentage of apoptotic HeLa and SiHa cells, and cells were arrested in G0/G1 cell

cycle phase.

Department of Obstetrics and Gynaecology, the First

Affiliated Hospital of Bengbu Medical College, Bengbu,

China

Corresponding authors:

Guoliu Ye, Department of Obstetrics and Gynaecology,

the First Affiliated Hospital of Bengbu Medical College,

287 Changhuai Road, Bengbu 233004, China.

Email: 657406599@qq.com

Caizhi Wang, Department of Obstetrics and Gynaecology,

the First Affiliated Hospital of Bengbu Medical College,

287 Changhuai Road, Bengbu 233004, China.

Email: lyusheng38@163.com

Journal of International Medical Research

48(10) 1–14

! The Author(s) 2020

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/0300060520964011

journals.sagepub.com/home/imr

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits

non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed

as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://orcid.org/0000-0003-4634-7942
mailto:657406599@qq.com
mailto:lyusheng38@163.com
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/0300060520964011
journals.sagepub.com/home/imr


Conclusion: The results suggest that HIST1H3D may be an oncogene in cervical carcinogenesis

and a potential fucoxanthin target in treating cervical cancer.
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Introduction

Cervical cancer is the fourth most common
female malignancy in the world,1,2 account-

ing for 4% of all tumours diagnosed glob-

ally. About 50.3% of patients with cervical
cancer die each year from the disease.3

Nearly 84% of cervical cancer cases occur
in developing countries, and cervical cancer

is the third most common cause of death in

women in these regions.1,4,5

Infection with human papillomavirus

(HPV), herpes simplex virus 2 and/or chla-
mydia, smoking, oral contraceptives, and

genetic factors may be associated with

increased cervical cancer risk.6–15 In addition,
a lack of prevention, screening and treatment

are risk factors for disease onset.16,17

The Papanicolaou test helps to detect
precancerous lesions, resulting in effective

treatment or even cure, making the 5-year
survival rate of patients with cervical cancer

close to 100%.18,19 However, women in

developing countries are prone to cervical
cancer because they fail to receive screening

for precancerous lesions or HPV immuno-
therapy in time.18,20 Therefore, in addition

to the above strategies, clarifying the path-

ogenesis of cervical cancer will help to
improve survival rates in patients with cer-

vical cancer, and also help to provide

potential novel targets for cervical cancer
treatment.

Fucoxanthin is a non-provitamin A
carotenoid that is widely found in brown

algae,21 and its structure is shown in
Figure 1a. Fucoxanthin has shown a wide
range of biological effects, including antitu-
mour, antioxidant and antidiabetic activi-
ties.22 In addition, fucoxanthin has an
antiangiogenic effect that prevents tumour
growth.23 Studies have shown that the anti-
proliferative effects of fucoxanthin against
tumour cells is achieved through phospha-
tidylinositol 3-kinase (PI3K)/Akt and/or
nuclear factor (NF)-jB signalling path-
ways.24,25 However, the effect of fucoxan-
thin on cervical cancer remains to be
elucidated.

In eukaryotic cells, histones are a class of
nuclear proteins involved in chromatin con-
densation, and accumulated evidence sug-
gests that histone regulation of gene
expression is achieved through regulation
of chromatin states.26–28 Abnormal expres-
sion of histones, or histone mutation, is
associated with tumorigenesis.29 For exam-
ple, glioblastoma is associated with histone
mutations,30 and abnormal expression of
histone H2A.Z has been observed in pros-
tate cancer.31

The human H3 clustered histone 6
(H3C6) gene (also known as HIST1H3D)
encodes histone H3.1.32 Methylated H3.1
has been shown to be associated with
gene-silencing and heterochromatin forma-
tion,33 and HIST1H3D is reported to be
elevated in tumour necrosis factor (TNF)-
a-induced endothelial cell inflammation
and lung disease involving pseudomonas
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infection.34,35 Furthermore, HIST1H3D

expression is shown to be upregulated in

tumour tissues, such as lung cancer and pri-

mary gastric cancer tissues.36,37

The aim of the present study was to

investigate the roles of fucoxanthin and

HIST1H3D in cervical cancer through

investigation of genes that are differentially

expressed between cervical cancer cells

treated with fucoxanthin and untreated

cells, and the effect of HIST1H3D expres-

sion on cervical cancer cell activity.

Materials and methods

Cell lines

The HeLa and SiHa human cervical cancer

cell lines were obtained from the Shanghai

Cell Bank of China (Shanghai, China).

Both cell lines were maintained in

Dulbecco’s modified Eagle’s medium

(DMEM, catalogue No. 11965; GibcoTM,

Shanghai, China) supplemented with 10%

fetal bovine serum (catalogue No.

10099141; GibcoTM) and 0.1% gentamicin

sulphate (A100304; Sangon Biotech,

Shanghai, China) at 37�C in a 5% CO2

humidified incubator. All experiments

were performed using cells grown to

>75% confluence.

IC50 assay

To assess the half maximal inhibitory con-

centration (IC50) of fucoxanthin, HeLa and

SiHa cells in logarithmic growth phase were

trypsinized to detach from the culture

Figure 1. Inhibitory effect of fucoxanthin on human cervical cancer cell lines: (a) the structure of fuco-
xanthin; (b) HeLa cell inhibition curve and (c) SiHa cell inhibition curve showing the half maximal inhibitory
concentration (IC50) of fucoxanthin.
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vessel, then resuspended in complete
DMEM and plated into 96-well plates
(4� 103 cells/100 ll/well). After 24 h of
incubation at 37 �C/5% CO2, different con-
centrations of fucoxanthin (0, 0.1, 0.5, 1, 5,
10, and 25 lM, each in triplicate) were
added and cells were cultured for a further
48 h. Following fucoxanthin treatment,
10 ll/well of cell counting kit (CCK)-
8 reagent (catalogue No. E606335, Sangon
Biotech, Shanghai, China) was added, and
the plates were incubated for 4 h at 37 �C.
The optical density (OD) value at 490 nm
wavelength was then measured using an
Elx-800 microplate reader (BiotekVR

Instruments, Winooski, VT, USA).

Screening of differentially expressed
genes (DEGs) using microarray

The expression status of genes was deter-
mined within cervical cancer SiHa cells
treated with 0.5lM/l fucoxanthin or
untreated negative controls (NC) using
GeneChip Primeview human gene expres-
sion array (catalogue No. 901838;
Affymetrix, Santa Clara, CA, USA). After
treatment of SiHa cells with fucoxanthin or
NC for 48 h, total RNA was extracted using
TRIzolVR reagent (Invitrogen, Shanghai,
China), and inspected for subsequent
microarray analysis. For gene expression
profiling, cDNA was synthesized using
0.5 lg of RNA per sample as a template
and AffinityScript QPCR synthesis kit (cat-
alogue No. 600559; Stratagene, La Jolla,
CA, USA). Biotin-labelled amplified RNA
was synthesized from double-stranded
cDNA using the GeneChipVR 30 IVT label-
ling kit (Affymetrix). The microarrays were
washed and stained with GeneChipVR

hybridization wash and stain kit
(Affymetrix) according to the manufac-
turer’s instructions. Finally, the probe
arrays were scanned directly using a
GeneChipVR scanner 3000 (Affymetrix)
post hybridization.

Microarray data were normalized using

GeneSpring software, version 11 (Agilent

Technologies, Santa Clara, CA, USA),

and generated lists of DEGs (at least�
2.0-fold, P � 0.05, relative to the negative

control). The newly generated list of differ-

ential expression transcripts was used for

clustering hierarchically based on certain

correlations and signalling pathway enrich-

ment. Pathways were enriched using an

online integrated pathway analysis data-

base.38 Finally, genes of interest (for exam-

ple, HIST1H3D) with meaningful and

significantly different expression, were uti-

lized to identify molecular functions using

real-time quantitative polymerase chain

reaction (qPCR).

Real-time qPCR

Total RNA was extracted from SiHa cells

using TRIzolVR reagent (Invitrogen,

Shanghai, China), and used as a template

for cDNA synthesis with M-MLV reverse

transcriptase (Promega, Shanghai, China),

according to the manufacturer’s instruc-

tions. Real-time qPCR of cDNA was then

performed. The GAPDH internal control

primer sequences were 50-TGA CTT CAA

CAG CGA CAC CCA-30 (forward) and 50-
CAC CCT GTT GCT GTA GCC AAA-30

(reverse), and provided a 121-bp product;

and the primer sequences for HIST1H3D

were 50-TTC GCA AAC TGC CAT TCC-

30 (forward) and 50-GAG CCT TTG GGT

TTT GGT T-30 (reverse), with a 264-bp

PCR product. Each real-time qPCR reac-

tion was performed using a PlatinumVR

qPCR SuperMix-UDG (Invitrogen,

Carlsbad, CA, USA) and the following

thermal cycling procedure: 95�C for 30 s,

then 40 cycles of denaturation at 95�C for

5 s and extension at 60�C for 30 s. All sam-

ples were assayed in triplicate, and the rel-

ative level of HIST1H3D expression was

calculated using the 2-DDCT method.
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Lentiviral recombinant plasmid and cell

transfection

Small interfering (si)RNA and short hairpin

(sh)RNA for specifically knocking down

human HIST1H3D expression was synthe-
sized by GeneChem Co. Ltd (Shanghai,

China) according to the full-length

HIST1H3D sequence (GenBank no.

NM_003530). The siRNA sequence was

50-GCA ACT CAA AGA CCT GGA A-30

and the shRNA sequence was 50-CCG
GGC TGA TTC GCA AAC TGC CAT

TCT CGA GAA TGG CAG TTT GCG

AAT CAG CTT TTT G-30. To assess

knockdown efficiency, stem-loop-stem oli-
gonucleotides were synthesized and inserted

into a pFV055-GFP vector (GeneChem).

Lentivirus particle packaging, collection,

and titre determination were performed as

previously described.39

For cell transfection, HeLa and SiHa

cells (5� 104 cells per well) were seeded

into 6-well plates and transfected with the

shHIST1H3D or shCtrl lentivirus at a mul-
tiplicity of infection (MOI) of 20. Then,

cells were incubated at 37�C in a 5% CO2

humidified environment. After 72 h, the

growth state of the cells was observed

under a fluorescence microscope
(MicroPublisherTM 3.3, Olympus, Japan).

After 2 days, normally growing cells were

determined for knockdown efficiency by

real-time qPCR (as described above).

CCK-8 assay

Proliferation of cells transfected with either

an HIST1H3D knockdown (shHIST1H3D)

or empty plasmid (shCtrl) was determined

with the CCK-8 assay. Transfected HeLa
and SiHa cervical cancer cells (1� 103

cells per well), within logarithmic growth

phase, were reseeded in 96-well plates and

incubated at 37�C with 5% CO2 for 5 con-

secutive days. On each day, the CCK-
8 reagent (10 ll per well) was added to a

portion of the wells in each treatment

group, cells were incubated for 4 h at

37 �C, then the OD value at 490 nm was
measured using an Elx-800 microplate

reader (BiotekVR Instruments).

Colony formation assay

The effect of HIST1H3D silencing on

colony formation was determined in paral-

lel with a negative control. Transfected
HeLa and SiHa cervical cancer cells

(1� 103 cells per well) were seeded in 6-

well plates and incubated at 37�C in 5%

CO2 for 14 days to form cell colonies. Cell

colonies were then washed 3 times with

phosphate buffered saline (PBS, pH 7.2)
and fixed with 4% paraformaldehyde

(Sangon Biotech) for 60 min. The fixed

cells were washed with PBS to remove

unreacted paraformaldehyde and then

stained with 100 ml of Giemsa staining solu-

tion (G5637, Sigma-AldrichVR , Shanghai,
China) for 20 min. The number of colonies

(>50 cells per colony) were counted under

light microscopy.

Flow cytometric analysis for cell cycle and

apoptosis

The effect of HIST1H3D knockdown on

cell cycle progression and apoptosis was

determined by assessing the proportion of
cells at each cell cycle stage or undergoing

apoptosis using flow cytometry. At 4 days

following lentiviral infection, cells (1� 106

cells per dish) were reseeded into 6-cm

dishes. Cells were harvested when coverage

reached >80%, and fixed with 70% pre-
cooled ethanol for 1 h at 4 �C. For cell

cycle analysis, cells were washed 3 times

with PBS (pH 7.2), and incubated with

1.5ml PBS containing 50 lg/ml propidium

iodide (PI; catalogue No. P4170; Sigma-

Aldrich, St. Louis, MO, USA) and 100 lg/
ml RNase A (catalogue No. EN0531;

FermentasVR , Shanghai, China) to stain the

Ye et al. 5



DNA, in the dark for 30 min at room tem-
perature. The cell suspension was filtered
through a 300 mesh and the proportion of
cells at each cell cycle phase was determined
using a FACSCalibur flow cytometer (BD
Biosciences, San Jose, CA, USA) according
to the manufacturer’s instructions. For
apoptosis analysis, the HeLa and SiHa cell
concentrations were adjusted to 1� 106/ml
with 1� staining buffer (catalogue No. 00-
0055; ThermoFisher Scientific, Shanghai,
China). Cells in suspension (100 ml) were
stained with 5 ll of eBioscienceTM

Annexin V-APC (catalogue No. 88-8007;
ThermoFisher Scientific), and incubated in
the dark at room temperature for 15 min.
The proportion of apoptotic cells were then
analysed by FACSCalibur flow cytometry
(BD Biosciences) within 1 h. All experi-
ments were performed in triplicate.

Statistical analyses

Data are presented as mean�SD, and were
compared using Student’s t-test. All statis-
tical analyses were conducted within
GraphPad Prism software, version 8.0.1
(GraphPad Software, San Diego, CA,
USA). The threshold of statistical signifi-
cance was set to a P value< 0.05.

Results

Fucoxanthin significantly alters gene
expression in SiHa cells

In order to clarify the optimal concentra-
tion of fucoxanthin for inhibition of HeLa
and SiHa cervical cancer cell lines, an IC50
test was performed. The IC50 of fucoxan-
thin for inhibition of Hela and SiHa cells
was found to be 1 445 and 1 641 mM, respec-
tively (Figure 1b and 1c).

To analyse the effects of fucoxanthin on
downstream gene expression, DEGs were
assessed in SiHa cells following treatment
with fucoxanthin. Relative to untreated

control SiHa cells, a total of 2 255 DEGs
(�2.0-fold change; P< 0.05), including 943
upregulated and 1 312 downregulated, were
obtained. Hierarchical clustering of the
DEGs is presented in Figure 2a. Disease
and functions analysis showed that these
2 255 DEGs were primarily associated
with cancer and organismal injuries and
abnormalities (Figure 2b). Kyoto encyclo-
paedia of genes and genomes (KEGG)
pathway enrichment of these DEGs identi-
fied pathways mainly involved in cancer
regulation, including p53 and cell cycle sig-
nalling pathways (Figure 2c and 2d).
Within the list of DEGs, HIST1H3D was
shown to be significantly downregulated in
fucoxanthin-treated SiHa cells (approxi-
mately 2.5 fold down), using qPCR analysis
(P¼ 0.007; Figure 3). Because the gene is
abnormally expressed in several tumours
and participates in tumorigenesis, the bio-
logical role of HIST1H3D in cervical cancer
was explored in subsequent experiments.

Decreased HIST1H3D expression in
cervical cancer cells transfected with
shHIST1H3D

To elucidate the biological function of
HIST1H3D in cervical cancer, HIST1H3D
expression was silenced in HeLa and SiHa
cervical cancer cells by transfection with a
lentivirus delivering a shRNA payload spe-
cifically targeting human HIST1H3D
(shHIST1H3D). The efficacy of this trans-
fection was >80% (Figure 4a). To evaluate
the knockdown efficacy, mRNA was isolat-
ed from HeLa and SiHa cervical cancer
cells transfected with either an
shHIST1H3D or shCtrl payload, and
HIST1H3D mRNA levels were then deter-
mined by RT-qPCR. As shown in
Figure 4b, the levels of HIST1H3D
mRNA were markedly lower in the
shHIST1H3D group than in the shCtrl
group. Thus, shHIST1H3D was shown to
significantly downregulate HIST1H3D
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Figure 3. Analysis of H3 clustered histone 6 (HIST1H3D) mRNA levels using reverse transcription-
quantitative polymerase chain reaction showed that HIST1H3D gene expression in SiHa cells was inhibited
by fucoxanthin, with an inhibition efficiency of 62.5%. Data presented as mean� SD; **P< 0.01 versus
untreated controls.

Figure 2. Effect of fucoxanthin treatment on SiHa cells: (a) volcano map of differentially expressed genes
(DEGs); (b) gene ontology enrichment of DEGs in fucoxanthin-treated SiHa cells compared with untreated
controls; (c) Kyoto encyclopaedia of genes and genomes (KEGG) pathway enrichment of DEGs in fuco-
xanthin-treated SiHa cells compared with controls; and (d) integrated pathway analysis (IPA) showing the
top 10 networks influenced by fucoxanthin treatment.

Ye et al. 7



expression in HeLa and SiHa cervical

cancer cells, suggesting that HIST1H3D

knockdown is specific to the target gene

and its loss-of-function outcome is possibly

not due to an off-target effect.

HIST1H3D knockdown inhibits

proliferation of cervical cancer cells

To examine the effect of HIST1H3D on cell

growth, HeLa and SiHa cervical cancer

cells transfected with either an

shHIST1H3D or control lentivirus were

reseeded into 96-well plates and incubated

for 5 days. Proliferation was assessed by

CCK-8 assay on each day. Cells transfected

with the control lentivirus greatly expanded

during the 5 days of observation, while

shHIST1H3D-transfected cells proliferated

more slowly (P< 0.01; Figures 5a and 5b).

Thus, HIST1H3D knockdown was shown

to significantly inhibit the proliferation of

HeLa and SiHa cells.

HIST1H3D knockdown arrests cervical

cancer cells at G0/G1 phase

To determine the contribution of cell cycle

arrest to the observed growth inhibition by

HIST1H3D silencing, the proportion of

HeLa and SiHa cells at different phases of

the cell cycle were analysed using flow

cytometry (Figure 6a). The knockdown of

HIST1H3D significantly increased the pro-

portion of cells in the G0/G1 phase com-

pared with the control group in both cell

lines (both P< 0.05; Figures 6b and 6c).

Knockdown of HIST1H3D also reduced

the proportion of HeLa cells in S phase

(P< 0.05; Figure 6b). Collectively, these

results indicate that shHIST1H3D is able

to arrest the cell cycle of HeLa and SiHa

Figure 4. H3 clustered histone 6 (HIST1H3D) mRNA levels after transfection with shHIST1H3D or shCtrl
lentiviruses in human HeLa and SiHa cervical cancer cells: (a) representative photomicrographs obtained at
72 h following shHIST1H3D or shCtrl lentiviral infection; and (b) levels of HIST1H3D mRNA measured by
reverse transcription-quantitative PCR. Data presented as mean� SD; **P< 0.01 versus shCtrl group.
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cells at G0/G1 phase, leading to slower cell

growth.

HIST1H3D knockdown increases

apoptosis in cervical cancer cells

To determine if HIST1H3D inactivation

induces apoptosis in cervical cell lines,

HIST1H3D was knocked down in HeLa
and SiHa cells, and the proportion of apo-

ptotic cells was assessed using Annexin-V
staining and flow cytometry (Figure 7a).
The proportion of apoptotic cells was sig-
nificantly higher in cells with knockdown
HIST1H3D than controls with normal

HIST1H3D expression (both cell lines

Figure 6. H3 clustered histone 6 (HIST1H3D) silencing arrested cell cycle at the G0/G1 phase in human
cervical cancer cells: (a) representative flow cytometry images showing the distribution of HeLa and SiHa
cells in cell cycle phases; and the proportion of (b) HeLa cells and (c) SiHa cells in each cell cycle phase, as
determined by flow cytometry. Data presented as mean� SD; *P< 0.05 versus shCtrl group.

Figure 5. Cell proliferation analysis using cell counting kit-8 assay, showing: (a) effect of H3 clustered
histone 6 (HIST1H3D) knockdown on (a) HeLa cells; and (b) SiHa cells. Data presented as mean� SD;
**P< 0.01 versus shCtrl group.
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P< 0.01; Figure7b). These results suggest

that HIST1H3D expression is a determi-

nant affecting apoptosis in HeLa and

SiHa cells.

HIST1H3D silencing restricts colony

formation of cervical cancer cells

The influence of HIST1H3D silencing on

the ability of HeLa and SiHa cells to form

colonies was determined. There was a visi-

ble impairment of colony formation within

shHIST1H3D-transfected cells compared

with colony formation in control cells

(Figure 8a). Quantification of colony for-

mation showed that colony numbers in

HIST1H3D-knockdown cells were signifi-

cantly lower than control cells with func-

tional HIST1H3D (P< 0.05 and P< 0.01,

HeLa and SiHa cells, respectively;

Figure 8b).

Discussion

Fucoxanthin has been shown to have a wide

range of antitumour biological activities,40

but its biological role in cervical cancer cells

remains unclear. In the present study,

DEGs from fucoxanthin-treated SiHa cells

were first determined. The enrichment of

KEGG signalling pathways indicated that

p53 signalling is induced following fucoxan-

thin treatment. These results raised the

hypothesis that fucoxanthin may be effec-

tive in the therapy of cervical cancer

through its effects on p53 signalling, and

this required further investigation.
Interestingly, HIST1H3D was found to

be significantly downregulated by fucoxan-

thin, and studies have shown that this gene

is downregulated in TNF-a-activated
HUVEC endothelial cells.34 In addition,

HIST1H3D may be involved in the process

of cystic fibrosis.35

Figure 7. H3 clustered histone 6 (HIST1H3D) silencing increased the proportion of apoptotic cells in
human HeLa and SiHa cervical cancer cells: (A) representative flow cytometry plot showing apoptotic cells
detected by Annexin V staining; and (B) quantification of flow cytometry results. Data presented as mean�
SD; **P< 0.01 versus shCtrl group.
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Histone family members play an impor-

tant role in chromatin condensation and

cell cycle progression.28 Histones are abnor-

mally expressed in tumours and contribute

to the pathogenesis of various malignan-

cies.41,42 However, as a member of the his-

tone family, there are few studies on the

development of tumorigenesis involving

HIST1H3D. Iwaya et al.37 found that

HIST1H3D is highly expressed in advanced

gastric cancer; and Rui et al.36 reported that

HIST1H3D is highly expressed in lung

cancer and can promote the pathogenesis

of lung cancer. Its biological function in

cervical cancer, however, remains unclear.
To assess the biological role of

HIST1H3D in cervical cancer, the expres-

sion of HIST1H3D in human HeLa and

SiHa cervical cancer cells was specifically

silenced via a lentiviral system. After con-

firming that HIST1H3D was silenced in

HeLa and SiHa cells, the proliferation and

colony forming ability of cervical cancer

cells was found to be decreased, while the

proportion of apoptotic cells increased.

These results suggest that increased expres-

sion of HIST1H3D may contribute to the

development of cervical cancer.
The cell cycle is an important event in

cell proliferation. To investigate the effect

of HIST1H3D on proliferation of cervical

cancer cells, the cell cycle was analysed in

HeLa and SiHa cells using flow cytometry.

HIST1H3D silencing was found to arrest

cervical cancer cells in the G0/G1 phase,

suggesting that HIST1H3D promotes cell

proliferation and colony formation in

human cervical cancer cells by regulating

cell cycle progression. However, its detailed

mechanism has yet to be unveiled.
The present results may be limited by

several shortcomings. For example, wheth-

er the inhibition of HIST1H3D by fucoxan-

thin is direct or indirect requires further

Figure 8. H3 clustered histone 6 (HIST1H3D) silencing suppresses the colony formation ability of Hela and
SiHa human cervical cancer cells: (A) representative photomicrographs of HeLa and SiHa cell colonies at 14
days after transfection with short hairpin (sh)HIST1H3D or shCtrl lentivirus; and (B) comparison of colony
numbers between HeLa and SiHa cells. Data presented as mean� SD, *P< 0.05 or **P< 0.01 versus shCtrl
group.
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clarification. If the effect is direct, in what

way does fucoxanthin act on HIST1H3D?

In addition, what is the role of p53 signal-

ling in its effect? All of these factors need to

be confirmed by further studies.
In summary, the present study demon-

strates that fucoxanthin inhibits

HIST1H3D expression. Lentiviral-

mediated silencing of HIST1H3D inhibits

cell proliferation and colony formation,

promotes apoptosis, and leads to cell cycle

arrest in the G0/G1 phase in cervical cancer

cells. These results suggest that HIST1H3D

plays an important role in the development

of cervical cancer. Further studies are

required to elucidate the specific effects of

fucoxanthin on HIST1H3D in cervical

cancer cells.
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