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Abstract
BACKGROUND 
Cyanidin-3-O-glucoside (cyan) exhibits antioxidant and anticancer properties. The 
cell cycle proteins and antimitotic drugs might be promising therapeutic targets in 
hepatocellular carcinoma.

AIM 
To investigate the effect of cyan administration on cell cycle in hepatic 
precancerous lesion (PCL) induced by diethylnitrosamine/2-acetylaminofluorene 
(DEN/2-AAF) in Wistar rats.

METHODS 
In vivo, DEN/2-AAF-induced hepatic PCL, rats were treated with three doses of 
cyan (10, 15, and 20 mg/kg/d, for four consecutive days per week for 16 wk). 
Blood and liver tissue samples were collected for measurement of the followings; 
alpha fetoprotein (AFP) liver function and RNA panel differential expression was 
evaluated via real time polymerase chain reaction. Histopathological examination 
of liver sections stained with H&E and immunohistochemical study using 
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glutathione S-transferase placental (GSTP) and proliferating cell nuclear antigen 
(PCNA) antibodies were assessed.

RESULTS 
Cyan administration mitigated the effect of DEN/2-AFF induced PCL, decreased 
AFP levels, and improved liver function. Remarkably, treatment with cyan dose 
dependently decreased the long non-coding RNA MALAT1 and tubulin gamma 1 
mRNA expressions and increased the levels of miR-125b, all of which are 
involved in cell cycle and mitotic spindle assembly. Of note, cyan decreased GSTP 
foci percent area and PCNA positively stained nuclei.

CONCLUSION 
Our results indicated that cyan could be used as a potential therapeutic agent to 
inhibit liver carcinogenesis in rat model via modulation of cell cycle.

Key Words: Hepatocellular carcinoma therapy; Hepatocellular-carcinoma growth; 
Hepatocellular-carcinoma model; Hepatocellular-carcinoma size
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Core Tip: Several regulatory RNA networks are important in regulation of liver cell 
cycle progression and are linked to the pathogenesis of hepatocellular carcinoma. 
Identification of critical steps involved in hepatocarcinogenesis are likely to lead to the 
development of new therapeutics that will inhibit tumor proliferation alongside with 
verification of promising drug targets biomarkers that may lead to improved patient 
survival. Cyanidin-3-O-glucoside (cyan) has a significant antioxidant and anticancer 
activities. Cyan could be used as potential agent to inhibit liver carcinogenesis in rat 
model via modulation of cell cycle. Cyan dose dependently decreased the long non-
coding RNA-MALAT1 and tubulin 1 mRNA expressions and increased the hsa-miR-
125b expression which participate in cell cycle and mitotic spindle assembly.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the commonest primary malignancy of the liver. 
Its main risk factors include hepatitis B, hepatitis C, and non-alcoholic steatohepatitis. 
HCC is associated with high mortality and morbidity. Its incidence has increased from 
1.4 to 6.2 per 100000 cases per year within the last 30 years[1]. HCC burden in Egypt is 
high due to the high prevalence of HCV, where liver cancers account for 11.75% of all 
gastrointestinal cancers and 1.68% of all malignancies. In addition, over 70% of all liver 
malignancies in Egypt are HCC[2].

To date, HCC is holding its place as an unresolved dilemma; its resistance to 
systemic chemotherapy and radiation makes the cure approachable only in very early 
stages according to Milan criteria, that is, where the tumor size is < 5 cm (when only 
one lesion is present) or < 3 cm (when 2-3 lesions are present)[3].

Genes involved in cell cycle control are usually mutated in presence of cancer. 
Dysregulated mitosis results in genomic instability, which leads to tumor 
aggressiveness[4]. Microtubules are a key component of mitotic spindles, and thus, a 
crucial part of the process of mitosis. They form an important target in cancer 
chemotherapy, inducing arrest of mitosis and cell death. On the other hand, while the 
overexpression of γ-tubulin (γ-TUBG) showed improved survival among small cell 
lung cancer patients[5], the overexpression of γ-TUBG is found to be characteristic 
feature of thyroid and breast cancers[6]. Such variation may arise due to differences in 
gene transcription and check point regulations in different cancer tissues[7].
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P-Editor: Wang LL Cyanidin-3-glucoside (cyan) is a potential chemotherapeutic and chemo-protective 
agent. Through its antioxidant activity, it scavenges radical oxygen species, which 
decreases the overall number of tumorous cells (malignant and benign) in in vivo 
studies[8]. Cyan has been implicated in some beneficial health activities[9], including 
reducing age-associated oxidative stress[10], improving cognitive brain function, and 
exhibiting anti-diabetic[11], anti-inflammation[12], anti-atherogenic[13], and anti-obesity 
activities[14]. Previously, it has been reported that cyan mediates caspase-3 cleavage 
with DNA fragmentation. Cyan has also been associated with induction of autophagy, 
a key element involved in cancer elimination, via induction of autophagy-related gene 
5 and microtubule-associated protein 1 light chain 3-II[15]. Cyan has drawn increasing 
attention because of its potential anti-cancer properties. Cyan may offer a novel 
avenue for treating HCC. a potential antiproliferative effect on HepG2 cells[16].

The present study was conducted to evaluate the effect of cyan in three different 
doses on cell cycle progression and mitotic assembly disorder in hepatic precancerous 
lesion (PCL) via assessment of levels of long non-coding RNA (lncRNA) MALAT1, 
miR-125b, and tubulin 1. We also conducted histopathological and immuno-
histochemical examination using H&E staining assessment of levels of glutathione S-
transferase placental (GSTP) and proliferating cell nuclear antigen (PCNA) antibodies 
in male Wistar rat model of diethylnitrosamine/2-acetylamino-fluorene (DEN/2-
AAF)-induced hepatic PCL.

MATERIALS AND METHODS
Chemicals and drugs 
DEN was obtained as 1 g solution in serum bottle diluted in 0.9% NaCl. 2-AAF was 
obtained as white powder, while cyan was obtained as black powder. Both 2-AAF and 
cyan were dissolved in 0.9% NaCl. All chemicals were purchased from Sigma-Aldrich, 
Cairo, Egypt.

Experimental animals
All animal procedures were approved by the Institutional Animal Ethics Committee of 
Ain Shams University, Faculty of Medicine. Thirty male Wistar rats weighing 200-250 
g were purchased from Nile Pharmaceuticals Company (Cairo, Egypt). Animals were 
housed in an animal room with temperature 25 ± 2 °C and 12 h light/dark cycle 
controls. An adaptation period of 1 wk was allowed before initiation of the experi-
mental protocol.

Experimental procedures
Induction of hepatic PCL: DEN was injected intraperitoneally (i.p.) at a dose of 100 
mg/kg once weekly for three consecutive weeks. One week after the last DEN 
injection, a single dose (300 mg/kg) of 2-AAF was injected.

Animal groups: Rats were divided into five groups (6 rats/each group), including: 
Naïve group: Rats were injected with a vehicle (0.9% NaCl), PCL group: Rats were 
injected with DEN and 2-AAF, and three cyan groups (cyan-10, cyan-15, and cyan-20 
groups): Rats were injected with DEN and 2-AAF, and orally administered through 
gastric gavage with cyan in doses of 10, 15, and 20 mg/kg respectively, for four 
consecutive days per week for 16 wk[17].

Assessment of the effects of treatment
Biochemical and molecular studies: After scarifying the animals, blood was 
withdrawn from each rat from the retro orbital vein and incubated for about half an 
hour for clotting. Then, the blood sample was centrifuged for 20 min at 5000 RPM to 
get serum samples. Livers were dissected. The right lobe of the livers was removed, 
cut into longitudinal sections 2-4 mm in thickness and kept in 10% formalin for 
histopathological and immunohistochemical examination. The other lobe was kept 
frozen at -80 °C for molecular analyses. The samples were analyzed for the following 
parameters: (1) alpha fetoprotein (AFP) levels: AFP level was analyzed using 
quantitative sandwich rat AFP ELISA kit purchased from MyBiosource Inc. (San 
Diego, United States) with a sensitivity range of 0.625-20 ng/mL; (2) serum alanine 
aminotransferase (ALT) levels: The serum ALT was measured according to method 
described by using kits purchased from Diamond Diagnostic (Cairo, Egypt). ALT 
catalyzes the transfer of amino groups from specific amino acids to ketoglutaric acid, 
yielding glutamic acid and oxaloacetic or pyruvic acid, respectively. Ketoacids were 
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then determined calorimetrically after their reaction with 2, 4- dinitrophenylhydrazine; 
and (3) determination of serum total bilirubin and direct bilirubin: Alkaline 
methanolysis of bilirubin followed by chloroform extraction of bilirubin methyl esters, 
and later, separation of these esters by chromatography and spectrophotometric 
determination at 430 nm.

Determination of serum albumin
Quantitative determination of serum albumin level was quantified using rat albumin 
ELISA kit. The absorbance at 450 nm is a measure of the concentration of albumin in 
the test sample.

Bioinformatics-based selection of cell cycle-microtubule assembly- and HCC-
specific RNA panel 
The RNA panel was chosen in three steps: (1) Tubulin, gamma 1 (TUBG1) was retrieved 
as a crucial player in microtubule formation and progression of the cell cycle through 
gene atlas expression database (available at https://www.ebi.ac.uk/gxa/home) 
alongside with verification of the chosen gene from protein Atlas database (available 
at https://www.proteinatlas.org/), followed by analysis of TUBG1 gene ontology to 
ensure that it is linked to G2-M transition and mitotic spindle assembly, which is 
closely linked to cancer development through gene card database (available at 
https://www.genecards.org/); (2) we selected miR-125b-1-3p targeting TUBG1 
mRNA though) miRWALK database available at http://mirwalk.umm.uni-
heidelberg.de/), followed by pathway enrichment, which revealed that miR-125b-1-3p 
is linked to MAP kinase and ubiquitin-mediated proteolysis (strongly correlated with 
mitotic assembly and cell cycle progression) through (Diana database available at 
http://diana.imis.athena-innovation.gr/DianaTools/index.php); and (3) lncRNA 
metastasis-associated lung adenocarcinoma transcript 1, lncRNA MALAT1, was 
obtained as a lncRNA specific to HCC and targeting miR-125b-1-3p using noncode 
database available at http://www.noncode.org/ and European Bioinformatics 
institute database available at https://www.ebi.ac.uk.

Extraction of total RNA, including lncRNA and miRNA from liver tissue
Total RNA was extracted from liver tissues using miRNeasy Mini kit (Cat No. 217004, 
Qiagen, United States) according to manufacturer’s protocol. The extracted RNA 
concentration and integrity were assessed using [(NanoDrop Technologies/Thermo 
Scientific, Wilmington, DE, United States)], with RNA purities were 1.8-2. The 
extracted total RNA was reverse transcribed into cDNA using a miScript II RT kit (Cat 
No. 218160, 218161, Qiagen, United States) on thermal cycler (Bio-Rad; Hercules, CA, 
United States), according to the manufacturer’s protocol.

Real time-polymerase chain reaction quantification of the RNA panel in liver tissues
The relative expression of TUBG1 mRNA and lncRNA-MALAT1 in liver tissue were 
measured using a Quantitect SYBR Green Master Mix kit and an RT2 SYBR Green 
ROX real time-polymerase chain reaction (qPCR) Mastermix (Qiagen), respectively, 
using a 7500 qPCR Systems (Applied Biosystems, Foster City, CA, United States) 
detection system) and specific primers (Accession: NM_001128148, NM_003234, 
NR_002819, and ENST00000534336, respectively) supplied by Qiagen. GAPDH 
(Accession NM_002046.7) was used as a housekeeping gene. MiR-3163 expression in 
liver tissue was quantified by PCR using a miScript SYBR Green kit (Qiagen), a 
miScript universal primer, and a miRNA-specific forward primer (mir-125b-1-3p 
miScript Primer Assay) (Accession: MIMAT0004592 (5'-ACGGGUUAGG 
CUCUUGGGAGCU). All steps followed the manufacturer’s suggested protocol, and 
SNORD68 was used as an internal control. Ct values more than 36 were considered as 
negative. The specificities of the amplicons for the SYBR Green−based PCR 
amplification were affirmed by the melting curves. The 2−ΔΔCt technique was used to 
measure the relative expression of the HCC-specific RNA panel.

Histopathological and immunohistochemical studies
Liver sections were cut at 5-μm thickness and stained with H&E. Immuno-
histochemistry S-P method was used to detect GSTP and PCNA levels. Briefly, the 
protocol was as follows: (1) the tissues were treated with endogenous peroxidase 
blocking solution at room temperature for 10 min, and then, incubated in normal 
nonimmune serum at room temperature for 10 min; (2) mouse anti GSTP or PCNA 
antibody was added to adjacent tissue sections respectively and incubated overnight at 
4 °C; (3) biotin-conjugated second antibody was added to the sections and incubated at 
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room temperature for 10 min; and (4) S-P complex was added at room temperature for 
10 min, and then, 2,4-diaminobutyric acid was used for the color reaction. The tissue 
sections were washed with Poly (butylene succinate) (PBS) (0.01 mol/L, pH 7.4) 
between each step. Positive and negative controls were simultaneously used to ensure 
specificity and reliability of the staining process. A positive section was taken as 
positive control. In negative control, PBS was used to replace the first antibody. GSTP-
positivity was indicated by brown coloration of the cytoplasm. Morphometric analysis 
of the foci percent area was carried out using Leica Q win V.3 software after capturing 
the images using a Leica DM2500 microscope (Leica, Wetzlar, Germany). The PCNA 
labeling indices are represented as the expression of positively-stained nuclei (10 
fields/slide at 400 ×) as shown below: +, positive expression found in 1-3 fields; ++, 
positive expression found in 4-6 fields; and +++, positive expression found in 7-10 
fields. Rabbit monoclonal PCNA and GSTP antibodies were purchased from Abcam 
(San Francisco, United States).

Statistical analysis
All results were expressed as mean ± SD. Statistical analysis was carried out using 
GraphPad Prism version 6.01. Unpaired t-test was done to compare between naïve and 
PCL groups. One-way ANOVA, followed by Tukey’s test, was carried out to compare 
between all groups. P values < 0.05 were considered statistically significant.

RESULTS
Effect on AFP levels and liver function tests
As shown in Figure 1, following induction of PCL, rats exhibited a significant increase 
in AFP levels. AFP levels were significantly decreased in cyan-10, cyan-15, and cyan-20 
groups compared to PCL group. There was no significant difference between the AFP 
levels of the three cyan groups. Liver function tests were affected after receiving 
DEN/2-AAF in which rats exhibited a significant increase in levels of ALT and total 
and direct bilirubin, and a significant decrease in the serum albumin (Figure 2). As 
shown in Figure 2A, rats received cyan. in different doses exhibited a significant 
decrease in serum ALT compared to PCL group. Cyan-15 group showed significant 
decrease in serum ALT compared to cyan-10 group. Moreover, cyan-20 group showed 
significant decrease in serum ALT compared to cyan-10 group. In As depicted in 
Figure 2B, compared to PCL group, the rats in the three cyan groups exhibited a 
significant decrease in serum total bilirubin. Furthermore, cyan-20 group showed 
significant decrease in serum total bilirubin compared to cyan-10 group. Figure 2C: 
Serum direct bilirubin was significantly decreased in the three cyan groups compared 
to the PCL group. Moreover, cyan-20 group showed significant decrease in serum 
direct bilirubin compared to cyan-10 group. Administration of cyan in doses 5, 10 and 
20 mg/kg/d produced a significant increase in serum albumin compared to PCL 
group. However, there was no significant difference between the serum albumin levels 
of the three cyan groups (Figure 2D).

Effect on expression of lncRNA MALAT1, miR-125b, and TUBG1 (G2/M transition of 
mitotic cell cycle) in the liver tissue
As shown in Figure 3, induction of PCL resulted in significant increase of lncRNA 
MALAT a significant decrease in RQ miR-125b and significant increase in RQ TUBG1 
expressions in comparison to naïve group. RQ of lncRNA MALAT1 in the liver tissue 
was significantly decreased in cyan -10,15 and cyan-20 groups compared to PCL 
group. Furthermore, cyan-20 group showed significant decrease in RQ of lncRNA 
MALAT1 in the liver tissue compared to cyan-10 group (Figure 3A). On the contrary, 
RQ of miR-125b in the liver tissue was significantly increased in cyan -10, cyan-15 and 
cyan-20 groups compared to PCL group. In addition, cyan-20 group showed 
significant increase in RQ of miR-125b in the liver tissue compared to cyan-10 group 
(Figure 3B). Furthermore, RQ of TUBG1 in the liver tissue was significantly decreased 
in cyan-10, cyan-15 and cyan-20 groups compared to PCL group. Also, cyan-20 group 
showed significant decrease in RQ of TUBG1 in the liver tissue compared to cyan-10 
group (Figure 3C).

Histopathological and immunohistochemical studies
Light microscopic examination of H&E-stained sections of naïve rats’ liver showed 
normal hepatic architecture, cords of hepatocytes radiating from central vein, portal 
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Figure 1 Effect of cyanidin 3-glucoside at different doses (10, 15 and 20 mg/kg/d) on alpha fetoprotein in the serum of rats. Values are mean 
± SEM; number of animals = 6 rats/each group. aP < 0.05 significant differences compared to naïve group, unpaired t test; bP < 0.05 significant differences compared 
to precancerous lesion group. PCL: Precancerous lesion; Cyan: Cyanidin-3-O-glucoside; AFP: Alpha fetoprotein.

triads present in between, polygonal hepatocytes with centrally rounded vesicular 
nuclei, and hepatic sinusoid in between (Figure 4A and B). Liver sections obtained 
from rats received DEN/2-AAF (Figure 4C-E) showed disruption of normal hepatic 
lobular architecture along with presence of large, discriminated dysplastic nodules 
compressing the surrounding liver tissue, with high-grade dysplastic cells displaying 
increased nuclear: Cytoplasmatic ratio (Figure 4E), nuclear hyperchromatosis, and 
basophilic cytoplasm. Liver sections of rats treated with different doses of cyanidin 
(10, 15, and 20 mg/kg) respectively, showed small and less discriminated dysplastic 
nodules (Figure 4F-H).

Immunohistochemical examination with GSTP antibody appeared as large 
hyperplastic nodules were demonstrated by the brown color. Figure 5A and B shows 
the liver sections of naïve group, while Figure 5C shows large-positively stained GSTP 
foci demonstrated in PCL group. Liver sections from rats of all cyan-treated groups 
exhibited small GSTP-positive small hepatic foci of different sizes scattered in-between 
negatively-stained hepatic parenchyma (Figure 5D-F). The percent area of GSTP foci 
was significantly increased in the PCL group compared to naïve group, while all cyan-
treated groups showed significant decrease in the GSTP percent area. Furthermore, 
cyan-15 and -20 showed significant decrease in the GSTP percent area over cyan-10 
(Table 1). PCNA immunohistochemical analysis showed an elevated expression of 
PCNA in the group that received DEN/2-AAF as compared to naïve group (Figure 6A 
and B). Liver sections obtained from rats received cyan. in its three doses showed 
decrease in PCNA-positively stained nuclei (Figure 6C-E and Table 1).

DISCUSSION
Altered expression of mitotic spindle assembly genes has been detected in many 
cancers. For example, MAD2 gene levels are downregulated in breast carcinoma[18], 
while mitotic checkpoint serine/BUB1 gene expression is dysregulated in colorectal 
carcinoma[19]. The impairment of spindle assembly genes are frequently detected in 
HCC[20,21]. Moreover, inhibition of the mitotic assembly genes has been found to be 
lethal to cancer cells, and has promising therapeutic effect in cancer treatment[22,23].

In this study, we used several public microarray databases for the construction of 
simple genetic-epigenetic network specific to HCC and linked to cell cycle and mitotic 
spindle formation. We assessed the antiproliferative effect of cyan in HCC animal 
model via modulation of lncRNA-MALAT1-miR-125b-TUBG1 mRNA axis expression.

Microtubules are involved both in maintenance of cell shape and motility and in 
mitotic spindle formation[24]. γ-TUBG is a major player that supports microtubule 
nucleation. γ-TUBG acts as a binding site for the α/β-tubulin dimer and it has two γ-
TUBG genes, TUBG1 and TUBG2 in mammals only[25]. The TUBG levels in the 
centrosome change during cell cycle progression and usually increases at the start of 
mitosis. At the end of mitosis, TUBG levels are decreased to interphase levels[26]. 
Overexpression and altered compartmentalization of γ-TUBG may lead to 
carcinogenesis[27-29]. Interestingly, γ-TUBG associates interact with tumor suppressor 
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Table 1 Expression rate of hepatocytes positive for glutathione S-transferase placental and proliferating cell nuclear antigen were 
calculated as number of positive field expression in 10 fields per rat liver tissue

Naive PCL Cyan-10 Cyan-15 Cyan-20

GSTP +ve foci % area 0.09 ± 0.07 47.2 ± 12.4a 33.4 ± 11.4b 8.95 ± 4.29b,c 3.83 ± 2.45b,c

PCNA +++ ++ + +

Values are mean ± SD; number of animals = 6 rats/each group. Examined field; 10 fields/liver section.
aP < 0.05 significant differences compared to naïve group.
bP < 0.05 significant differences compared to precancerous lesion group.
cP < 0.05 significant compared to cyanidin-3-O-glucoside-10, One-way ANOVA followed by Tukey’s test. +: Positive expression found in 1-3 fields; ++: 
Positive expression found in 4-6 fields; +++: Positive expression found in 7-10 field; PCL: Precancerous lesion; Cyan: Cyanidin-3-O-glucoside; GSTP: 
Glutathione S-transferase placental; PCNA: Proliferating cell nuclear antigen.

Figure 2 Effect of cyanidin 3-glucoside at different doses (10, 15 and 20 mg/kg/d) in rats. A: Alanine aminotransferase; B: Total bilirubin; C: Direct 
bilirubin; D: Serum albumin. Values are mean ± SEM; number of animals = 6 rats/each group. bP < 0.05 significant differences compared to precancerous lesion 
group; cP < 0.05 significant differences between the 2 selected groups, One-way ANOVA followed by Tukey’s test. PCL: Precancerous lesion; Cyan: Cyanidin-3-O-
glucoside; ALT: Alanine aminotransferase.

protein C53 in mammalian interphase cells of different cellular origins[30]. Interestingly, 
γ-TUBG interacts with E2F transcription factors, resulting in upregulation of E2F 
target genes PCNA and CDKB1[31] and glutathione S transferase activity[32]. On the 
other hand, the mRNA and protein levels of TUBA1C are upregulated in HCC. 
Clinically, it affects the survival of patients and the level of metastatic burden along 
with portal vein thrombosis. In addition, it activates cellular proliferation and 
migration and is a potential therapeutic target for HCC[33]. Recent studies have shed 
light on the efficacy of microtubule-binding agents in the treatment of HCC, especially 
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Figure 3 Effect on expression of of long non-coding RNA, MALAT1, miR-125b and tubulin 1 (G2/M transition of mitotic cell cycle) in the 
liver tissue. A: RQ of long non-coding RNA MALAT1; B: RQ miR-125b; C: RQ TUBGI . Values are mean ± SEM; number of animals = 6 rats/each group. aP < 0.05 
significant differences compared to naïve group; bP < 0.05 significant differences compared to precancerous lesion group; cP < 0.05 significant differences between 
the 2 selected groups, One-way ANOVA followed by Tukey’s test. PCL: Precancerous lesion; Cyan: Cyanidin-3-O-glucoside; TUBG: Tubulin gamma 1; lncRNA: Long 
non-coding RNA.

in combination with mammalian target of rapamycin inhibitors[34].
One of the few miRNAs that regulate Spindle Assembly Checkpoints (SAC) is miR-

125b. It suppresses the expression of Mad1 (a core SAC protein) that is responsible for 
inhibiting entry into anaphase till metaphase defects are corrected[35]. Importantly, 
miRNA-125b has been found to be associated with colorectal cancer[36], multiple 
myeloma[37], and breast cancer[38]. Song et al[39] demonstrated that the expression of miR-
125b in hepatocytes was protective and reflected better survival in HCC tissue samples 
due to restoration of SIRT6 expression[39]. miR-125b-5p inhibits HCC proliferation by 
targeting TXNRD1, the terminal step of biosynthesis of nucleotides[40].

Deregulation of lncRNAs has been shown to be crucial in cancer progression, 
especially HCC[41,42]. Hung et al[43] demonstrated the involvement of lncRNAs in 
regulation of the expression of cell cycle-related genes, p53 gene regulatory pathway, 
and apoptosis[43,44]. The lncRNA MALAT1 is overexpressed in several solid tumors and 
is linked with tumor recurrence[45-47]. MALAT1 coordinate RNA polymerase II 
transcription, pre-mRNA splicing, and mRNA export[48]. Thus, this lncRNA holds great 
potential in influencing the local concentration of a specific splicing factor during 
specific stages of the cell cycle. Depletion of MALAT1 in cancer cells inhibits 
tumorigenicity[49]. MALAT1 regulates E2F1 transcription factor activity, highlighting 
its pro-proliferative function[50]. MALAT1 is upregulated in many cancer types, 
including breast cancer[51], cervical cancer, lung cancer[52], and hepatocarcinoma[53-55]. In 
a previous study, hypoxia enhanced MALAT1 expression, leading to increase in 
proliferating and invading activity of Hep3B cells due to negative interaction with 
miR200a[56]. Huang and his group explored the role of specificity protein 1/3 in 
regulation of MALAT1 expression in HCC cells[57].
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Figure 4 Photomicrographs of liver sections stained with H&E staining. A and B: Naïve group liver sections showed normal hepatic architecture, cords 
of hepatocytes radiating from central vein and portal triads present in-between and polygonal hepatocytes with central rounded vesicular nuclei, and hepatic sinusoid 
in-between; C-E: Liver sections of rats received diethylnitrosamine/2-acetylaminofluorene (DEN/2-AAF) showed larger, discriminated dysplastic nodules (doted 
shapes) compressing the surrounding liver tissue with disruption of normal hepatic lobular architecture; D: Liver sections of rats received DEN/2-AAF showed 
eosinophilic foci of cellular alteration consisting of enlarged hepatocytes with increased acidophilic staining and vaculated nuclei (arrow head); E: Liver sections of rats 
received DEN/2-AAF showed foci of Clear cell formed of hepatocytes showing variable degrees of cytoplasmic vacuolations and ballooning with pyknotic nuclei 
(arrow); F-H: Liver sections of rats treated with different doses of cyanidin (10, 15, 20 mg/kg) respectively, showing small and less discriminated dysplastic nodules 
(doted shapes). (Magnification: A, C, F, G, H × 1000; B, D, E × 400). CV: Central vein; PV: Portal vein; Pt: Portal triads; S: Sinusoid; H: Hepatocytes.

Cyanidin or anthocyanin (a polyphenolic pigment found in plants) confers several 
pharmacological benefits, including anticancer properties[58-62]. Cyan mediates 
cytotoxicity against human monocytic leukemia cells via G2/M phase arrest and 
induction of apoptosis[63]. Tsai et al[64] evaluated anthocyanins as promising anticancer 
or chemopreventive agents to induce G2/M arrest in HAs-induced leukemia cell cycle 
arrest via ATM-Chk1/2-Cdc25C axis modulation[64]. They also found that anthocyanin 
inhibits the proliferation of HCC cells[65,66].

In our study, the effect of cyan on cancerous tissue was dose-dependent (10, 15 and 
20 mg/kg/d), that is, increasing its effect with increasing the concentration of the 
drug. This was proved also, with the correlated significant decrease in the percent area 
of GSTP foci, PCNA expression which are the target of TUBG1 mRNA and the 
molecular epigenetic markers associated with HCC (lncRNA MALAT1 and miR-125b-
1-3p) in the liver tissue of rats in our study (Figure 7). Thus, we can hypothesize that 
administration of cyan in PCL may result in downregulation of lncRNA MALAT1 
with subsequent release of free miR-125b-1-3p that binds to TUBG1 mRNA and 
downregulate its expression[65]. The changes in the epigenetic-genetic network affect 
their target genes PCNA and GSTP.

Lastly, the cyan-mediated modulation of cell cycle and mitotic spindle assembly 
that regulate HCC proliferation might affect the capability of the HCC cells to 
overcome oxidative stress[66,67]. Our data confers the rationale for designing antimitotic 
approach combining the conventional cytotoxic drugs with phytochemical extracts to 
inhibit cell cycle progression in cancer. More in vitro functional studies are required to 
explore the functional mechanism of the chosen RNA panel and validate their role as 
drug target biomarkers.
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Figure 5 Photomicrographs of liver sections of rats immunohistochemical stained with glutathione S-transferase placental antibody. A 
and B: Naive group; C: Precancerous lesion group showing multiple glutathione S-transferase placental (GSTP)-positive large hepatic nodules (brown stained 
nodules) occupying most of section; D-F: Liver sections of rats treated with different doses of cyanidin (10, 15, 20 mg/kg) showing GSTP positive small hepatic foci 
(brown stained cells = arrow) of different size scattered in-between negatively stained hepatic parenchyma. (Magnification: × 40)

CONCLUSION
Cyanidin is a natural molecule that holds great potential in unraveling the mystery of 
cytotoxic pharmacy in the future. It can be used to devise novel antimitotic drugs that 
can target cell cycle in HCC. Our results also indicated great potential of the TUBG1 
mRNA- miR-125b-lncRNA MALAT1 and -1-3p axis as potential drug target biomarker 
for further investigations.
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Figure 6 Photomicrographs of liver sections Immunohistochemical stained with proliferating cell nuclear antigen. A: Negative reaction of 
control group; B: Diethylnitrosamine + 100 mg 2-acetylaminofluorene group showing positive stained nuclei scattered all over the field; C-E: Liver sections of rats 
treated with different doses of cyamidine (10, 15, 20 mg/kg) respectively, show few positive hepatocytes sporadically distributed over the field (arrow). (Magnification 
× 100).
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Figure 7 Concept map of study design. GSTP: Glutathione S-transferase placental; PCNA: Proliferating cell nuclear antigen; TUBG: Tubulin; lncRNA: Long 
non-coding RNA.

ARTICLE HIGHLIGHTS
Research background
Several regulatory RNA networks are important in regulation of liver cell cycle 
progression.

Research motivation
Cyanidin-3-glucoside (cyan) is a potential chemotherapeutic and chemo-protective 
agent.

Research objectives
The present study aimed to investigate the effect of cyan administration on cell cycle in 
hepatic precancerous lesion induced by diethylnitrosamine/2-acetylaminofluorene in 
Wistar rats.

Research methods
We used bioinformatic analysis followed by experimental validation.

Research results
Cyan dose dependently decreased the long non-coding RNA-MALAT1 and tubulin 
gamma 1 mRNA expressions and increased the hsa-miR-125b expression which 
participate in cell cycle and mitotic spindle assembly. Cyan administration decreased 
alpha-fetoprotein and improved liver function. Cyan decreased glutathione S-
transferase placental foci percent area and proliferating cell nuclear antigen positively 
stained nuclei.

Research conclusions
Cyanidin may offer a natural molecule to unravel the mystery a cytotoxic pharmacy 
for the future.

Research perspectives
Further larger in vitro and in vivo studies are needed to elucidate the mechanism of 
cyanidin cytotoxicity in hepatocellular carcinoma.
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