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Amarogentin (active component of Chirata) was found to prevent CCl4/NDEA-induced liver carcinogenesis at
mild dysplastic stage through modulation of cell cycle, apoptosis, self-renewal pathways. The cell cycle
regulatory genes LIMD1, P16 and RBSP3 were found to be upregulated in restricted liver lesions. To
understand the mechanism of upregulation during restriction of cacinogenesis, the effect of amarogentin on
epigenetic modiﬁcation was evaluated in this study. It was also validated in vitro. Hypermethylation of LIMD1
and P16 was seen in mouse hepatocellular carcinoma (30th week carcinogen control mice); however,
hypomethylation of these genes was seen in amarogentin-treated liver. In the case of RBSP3, no such change
was seen. DNMT1 expression (mRNA/protein) was signiﬁcantly increased in later stages of carcinogenesis,
whereas its expression was comparable to normal liver in the case of amarogentin treatment. No signiﬁcant
change in expression (mRNA/protein) of HDAC1/2 was observed irrespective of treatment. Amarogentin
treatment upregulated the expression (mRNA/protein) of LIMD1, P16 and RBSP3 in the HepG2 cell line. Here
also treated cells showed LIMD1 and P16 hypomethylation with DNMT1 downregulation. Increased expression of LIMD1, P16 and RBSP3 after treating cells with demethylating agent 5-aza-2-deoxycytidine indicated
epigenetic modulation by amarogentin treatment.
Keywords.

Amarogentin; liver carcinogenesis; epigenetics; LIMD1; P16; DNMT1

1. Introduction
Amarogentin, the bitterest plant glycoside known, is
the active compound of Swertia chirata (chirata) which
had widely been used in Ayurvedic medicines since
ancient times (Medda et al. 1999). The anticarcinogenic activity of this compound was ﬁrst evident by its
anti-proliferative and pro-apoptotic activity in a mouse
skin carcinogenesis model (Saha et al. 2004). It was
evident in our previous studies that amarogentin could
restrict progression of experimental mouse liver carcinogenesis at mild dysplastic stage by modulating

several cellular pathways like cell cycle, apoptosis and
Wnt/Hedgehog self-renewal (Pal et al. 2012; Sur et al.
2016). During restriction of the liver carcinogenesis
amarogentin could upregulate the expression of several
antagonists and downregulate several agonists of
growth promoting pathways. To the best of our
knowledge, mechanism of this expression modulation
by amarogentin is not yet known.
Thus, in this study attempts have been made to
understand, the mechanism of upregulation of cell
cycle G1/S phase associated genes like LIMD1, P16
and RBSP3 in CCl4/NDEA-induced liver cancer mouse
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model as well as in liver cancer cell line HepG2. It
seems that amarogentin could modulate the epigenetic
pathways like DNA methylation, histone deacetylation,
etc., as seen in case of other natural products, viz.
EGCG, valproic acid, curcumin, etc., in their chemopreventive and anti-carcinogenic activities (CarlosReyes et al. 2019; Reuter et al. 2011; Khan et al. 2015;
Lee et al. 2012; Jiang et al. 2015).
For this reason, in this study at ﬁrst promoter
methylation of LIMD1, P16 and RBSP3 genes were
analyzed in CCl4/NDEA-induced mouse liver lesions
with/without amarogentin treatment. Then, expression
of DNMT1 and HDACs were analyzed in the liver
lesions. The in vivo results were further validated
in vitro using human hepatocellular carcinoma cell line
HepG2.
Finally, our data showed that reduced expression of
DNMT1 might lead to upregulation of the cell cycle
inhibitors through promoter hypo-methylation during
the restriction of liver carcinogenesis by amarogentin.
2. Materials and methods
2.1 Animal care
Adult (6 weeks) inbred female Swiss albino mice
(average weight 25 g) were obtained from animal
house of Chittaranjan National Cancer Institute,
Kolkata, India. Animals were maintained at 25 ± 5°C
temperature under alternating 12 h light/dark cycle with
45–55% humid conditions. Food pellets (Lipton India
Ltd.) and drinking water was provided. Animal handling and experimental protocol were undertaken as per
guidelines of the Institutional Ethical Committee
(Registration No. 1774/GO/RBi/S/14/CPCSEA) registered under CPCSEA, India (Committee for the purpose of control and supervision of the experiments on
animals). Mice were observed regularly for their
wellbeing, body weight, toxicity, and survival.
2.2 Drug solution preparation and concentrations
used for in vivo and in vitro studies
Amarogentin 1 mg/ml stock solutions were prepared in
10% ethanol in water. Extraction and puriﬁcation of
amarogentin ([99% pure in high-performance liquid
chromatography analysis) were done at the National
Research Institute for Ayurvedic Drug Development,
Kolkata, India. The amarogentin doses for in vivo and
in vitro experiments were selected by toxicity analysis

as mentioned in our previous study (Pal et al. 2012; Sur
et al. 2016). Dose of the amarogentin for animal
experiment was 0.2 mg/kg body weight (supplementary table 1).
For in vitro experiment two doses of amarogentin
(i) 75 lg/ml (AM1) (30% cell death) and (ii) 100 lg/
ml (AM2) (50% cell death) were selected on the basis
of cytotoxicity assay using Sulforhodamine B (SRB)
dye (supplementary table 1) (Sur et al. 2016).
2.3 Experimental groups for in vivo study
Group I (control group): Mice without any treatment.
Group II (carcinogen control group): Mice were
injected intraperitoneally (i.p.) with Carbon tetrachloride (CCl4) successively for 4 days followed by
N-nitrosodiethylamine (NDEA) i.p. injection weekly
75 mg/kg body weight for three successive weeks
followed by 100 mg/kg body weight for another 3
successive weeks (supplementary ﬁgure 1).
Group III (pre-initiation group): Amarogentin twice a
week was administered orally for 15 days before 1st
carcinogen application. Then, amarogentin treatment
was continued once a week during carcinogen application, which was continued for the rest of the experimental period. Treatment schedule of CCl4 and NDEA
was same as Group II (supplementary ﬁgure 1).
Group IV (post-initiation group): In this group
amarogentin treatment started after completion of carcinogen schedule and continued orally once a week
throughout experimental procedure. Application and
dose of amarogentin is same as Group III. Carcinogen
schedule was same as Group II (supplementary
ﬁgure 1).
Number of mice in each group was 12. Mice from
different experimental groups were sacriﬁced at 10th,
20th and 30th weeks of ﬁrst carcinogen application and
at each time point three mice were sacriﬁced from each
group. Liver tissues were dissected out and used for
different experiment. Animals for experimental purposes were approved by institutional animal ethics
committee.
2.4 Sample collection
Mice from different experimental groups were sacriﬁced at 10th, 20th and 30th week. Liver was dissected
out and affected liver lesions were collected and divided for histopathological analysis, RNA, DNA and
protein isolation.
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2.5 Histopathology
The formalin ﬁxed tissue samples were processed
conventionally to prepare parafﬁn block. Tissue sections (3–4 lm) were taken for hematoxylin-eosin (HE)
staining and histopathological evaluation.
2.6 Cell line and Amarogentin treatment condition
Human liver cancer cell line HepG2 was obtained from
National Centre for Cell Sciences, Pune, India. The cell
line was maintained in Dulbecco’s Modiﬁed Eagle’s
Medium (DMEM) supplemented with 10% FBS, 2 mM
glutamine, 100 U Penicillin and 100 lg/ml of streptomycin. Cells were grown at 37°C in a humidiﬁed CO2
incubator with 5% CO2. Re-feeding with fresh growth
medium and subculturing (using 0.05% trypsinEDTA) of cells was done as per requirement.

2.7 Expression analysis
2.7.1 mRNA expression analysis: Total RNA was
extracted from liver lesions and HepG2 cells (19106)
with or without amarogentin treatment using TRIzol
reagent according to the standard protocol (Pal et al.
2012). cDNA was synthesized from the 10 lg of total
RNA with Super Script III Reverse Transcriptase (Invitrogen/Life technology) according to standard protocol (Pal et al. 2012). Gene expression was carried out
with power SYBR Green PCR Master Mix (Applied
Biosystems/Life technology, USA) in real-time PCR
(ABI Prism 7500, Applied Biosystems, Foster City,
CA) using speciﬁc primers (supplementary table 2).
Relative gene expression data were analyzed using the
2-DDCT method (Livak and Schmittgen 2001). Relative
expression analysis was performed in three replicates.
b2-microglobulin gene (B2M) was used as endogenous
control for both mice and human. Relative expression
was graphically represented against each experimental
group.
2.7.2 Protein extraction and western blot analysis:
Protein was extracted from liver lesions and HepG2
cells (1 9 106) with or without amarogentin treatment.
Cell lysate were prepared by sonication with RIPA
buffer [25 mM Tris-HCl (pH 7.6), 150 mM NaCl, 0.1%
Triton-X 100, 1mM EDTA, 0.1% SDS, 1% sodium
deoxycholate, 1l/mL aprotinin, 1l/mL leupeptin,
1mM PMSF, 10mM NaF, and 1mM sodium
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orthovanadate]. Equal amount of proteins was separated by 10–12% SDS–PAGE and then transferred to
polyvinylidine diﬂuoride (PVDF) membrane (Millipore, MA). Membranes were incubated with 3–5%
nonfat dry milk for 1–2 h at room temperature followed
by overnight incubation at 4°C with desired primary
antibodies (Supplementary document) (1:500–1:1000
in 1% nonfat dry milk) and corresponding HRP-conjugated secondary antibodies (Supplementary document) (1:2000–1:5000 in 1% nonfat dry milk) for 2 h at
room temperature (Pal et al. 2012). The protein bands
were then visualized using luminol reagent and
autoradiographed on X-ray ﬁlm (Kodak, Rochester,
NY). All the immuno-blotting experiments were performed in three replicates. The band intensities were
quantiﬁed using densitometric scanner (Bio Rad GS800, Hercules, California). Peak densities of the proteins of interest were normalized using peak density of
loading control a-tubulin for both mice and human.
2.7.3 Immunocytochemical analysis: HepG2 cells
(20,000 cells/cover slip) were grown on sterile coverslip for 24 h. Cells were treated with amarogentin
(at IC50 and IC30 dose) for 48 hrs. Coverslips were
ﬁxed with methanol at -208C. Before staining coverslips were rehydrated and washed with phosphate
buffer saline (PBS) for 30 min. Endogenous peroxidase was blocked by 0.3% H2O2 in 1X PBS for
5–10 min. Cells were then permeabilized with 0.1%
Triton-X for 15 min. The non-speciﬁc binding sites
were blocked by 3–5% BSA for 1–2 h followed by
overnight incubation with primary antibodies (supplementary tables) (1:80–1:100 in 1% BSA) and
FITC conjugated secondary antibody (supplementary
tables) (1:500 in 1% BSA) for 1 h. Cells were then
treated with nuclear staining dye DAPI (1lg/ml) for
1 min and washed (Sur et al. 2016). Finally, cover
slips were glycerol mounted on a clean glass slides
and photographed using ﬂuorescence microscope
(Leica DM 4000 B, Germany).

2.8 DNA isolation and promoter methylation
analysis
High molecular-weight DNA was extracted from liver
lesions and HepG2 cells (1 9 106 cells) treated with or
without amarogentin [at IC 30 (AM1) and IC50 (AM2)
dose] by proteinase-K digestion, followed by phenol/
chloroform extraction method according to standard
procedure (Dasgupta et al. 2002).
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Figure 1. Methylation analysis of LIMD1, P16 and RBSP3 of mouse liver lesion by methylation sensitive restriction
digestion (MSRA) method (A) In the left panel, schematic diagram showing promoter region of set II primer position
(horizontal arrows), numbers of SmaI restriction site (small down arrows), PCR product size, transcription start site (?1) and
translation start site (ATG) (table 2) (supplementary table 2). In the right panel, corresponding gel images showing band
patterns of undigested (U) and digested (D) samples of each group, Group I, II, III and IV at 30th week only. pUC 19 plasmid
Msp1 digested is loaded as marker (M) in the left most lane, band sizes are mentioned. (B) Methylation analysis of LIMD1,
RBSP3 and P16 in mouse liver lesion by real-time PCR. Percentage of hypomethylation [Ct [digested]/Ct [undigested] 9100]
is plotted for every sample and for speciﬁc gene. Samples run in triplicate and mean ± SD (standard deviation) plotted.

Promoter methylation status of the genes was analyzed
in CpG rich islands in the promoter region of the
respective genes by both qualitative and quantitative
methods (Dasgupta et al. 2019). The qualitative methylation analysis was done by PCR-based methylation
sensitive restriction analysis (MSRA) method using
methylation sensitive restriction enzyme HpaII (Roche
Diagnostics, Germany) and SmaI (Sibenzyme, Russia).
Mock digestion was done with each sample without any
restriction enzyme. After digestion both digested and
mock digested samples were alcohol precipitated and
dissolved with tris EDTA pH 7.4. These samples were
PCR ampliﬁed (30 cycles) using speciﬁc primers (supplementary table 2). Two sets of primers were used in
case of DNA from mouse liver lesions (supplementary

table 2), the digestion sites in each set of primers for each
enzyme are marked (table 2). PCR products were analyzed on 2% agarose gel, visualized under gel documentation system (Bio Rad) and photographed.
Methylation quantitation was done using real time
PCR (ABI prism 7500, Applied Biosystems, Foster
City, CA) ampliﬁcation (30 cycles) of digested and
mock digested samples using Power SYBR green
(Applied Biosystems) (Thomassin et al. 2004; Dasgupta et al. 2019). Each sample was run in triplicate.
The percentage of hypomethylation was calculated by
taking the ratio of the cycle threshold (Ct) values of the
digested DNA sample with its respective undigested
DNA, presuming the undigested DNA as 100%
methylated.
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Table 1. Methylation status of LIMD1, P16 and RBSP3in different experimental groups with different methylation sensitive
restriction enzymes
LIMD1 (Digested with)
Experimental Experimental Numbers of mice
groups
time points
in each group
Hpa II
Sma I
Group
Group
Group
Group
Group
Group
Group
Group
Group
Group
Group
Group

I
II
III
IV
I
II
III
IV
I
II
III
IV

10th week

20th week

30th week

2
3
3
3
2
3
3
3
2
3
3
3

-

?
-

P16 (Digested with)

RBSP3 (Digested with)

Hpa II

Sma I

Hpa II

Sma I

-

?
-

-

-

‘‘?’’ Methylated; ‘‘-’’ Unmethylated.

The percentage of hypomethylation of a particular
gene was calculated using the following formula: (Ct
[digested]/Ct [undigested] 9100).
Higher the percentage of hypomethylation, lower the
frequency of methylation and vice versa. The methylation status of the genes in HepG2 cells was measured
by MSRA method with conventional PCR and using
one restriction enzyme HpaII and speciﬁc primers
(Supplementary document). Here primers speciﬁc for
b-3A-ADAPTIN gene (K1) (445 bp) and RAR b2 gene
(K2) (229 bp) were used as digestion and integrity
controls respectively (Loginov et al. 2004).

revealed larger cell size, nuclear size, and derangement
in tissue architecture, indicating moderate dysplasia in
Group II mice at 10th week. Severe dysplastic changes
were evident at 20th week in this group. Hepatocellular
carcinoma was evident at 30th week with some
necrotic changes (supplementary ﬁgure 2). The liver
lesions of Group III mice were restricted to mild dysplastic changes up to 30th week (supplementary ﬁgure 2). In Group IV moderate dysplastic liver lesions
were evident at 10th week, whereas mild dysplastic
liver lesions were evident at 20th week and 30th week
(supplementary ﬁgure 2).

2.9 Statistical analysis

3.2 Effect of amarogentin on promoter
methylation of LIMD1, P16 and RBSP3 during liver
carcinogenesis at pre- and post-initiation stages

Results are expressed as mean ± standard deviation.
Differences between groups were determined by Chisquare trends. P value \0.05 and \0.001 were considered as statistically signiﬁcant. Treated groups were
compared with control group.
3. Results
3.1 Restriction of liver carcinogenesis
by amarogentin in mouse model system
As seen in our previous study (Pal et al. 2012),
histopathological analysis (supplementary ﬁgure 2)

In our previous study (Pal et al. 2012), it was evident
that expression (RNA/protein) of LIMD1, P16 and
RBSP3 were gradually downregulated in liver lesions
of Group II (supplementary ﬁgure 3). On the contrary,
the expression of the genes was found to be upregulated in the liver lesions of Group III and IV (supplementary ﬁgure 3) (Pal et al. 2012). To understand the
mechanism of upregulation of the genes after treatment
of amarogentin, their promoter methylation status was
analyzed by MSRA method at ﬁrst. The promoter
regions of LIMD1 and P16 showed methylation at
SmaI restriction sites in the liver lesions of 30th week
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of Group II (carcinogen control) (ﬁgure 1A; table 1).
No such change was seen in RBSP3 gene (table 1)
(ﬁgure 1A). However, absence of promoter methylation
in the genes was seen in the liver lesions of Gr. III and
IV (table 1; ﬁgure 1A).
This result was further validated by quantitative
promoter methylation analysis. Signiﬁcant decrease in
hypo-methylation frequencies, i.e. increase in methylation frequencies, of LIMD1 and P16 were seen in the
liver lesions of Group II at 30th week with respect to
the liver samples of Group I (ﬁgure 1B). On the other
hand, hypo-methylation frequencies of LIMD1 and P16
were signiﬁcantly increased in the liver lesions at 30th
week of Group III and Group IV (ﬁgure 1B). No such
change was evident in RBSP3 (ﬁgure 1B).

3.3 Effect of amarogentin on expression
of DNMT1, HDAC1 and HDAC2 during liver
carcinogenesis at pre- and post-initiation stage
To understand the effect of amarogentin on epigenetic
regulation during restriction of liver carcinogenesis, if
any, the expression of different epigenetic modulatory
genes, e.g. DNMT1, HDAC1 and HDAC2 were analyzed
in the liver lesions at different time points. Gradual
upregulation in expression of DNMT1 was seen in Group
II with signiﬁcant increase at 30th week with respect to

Group I (ﬁgure 2A). On the contrary, comparable m-RNA
expression of DNMT1 was seen in the liver lesions of
Group III and IV with respect to liver samples of Group I.
In case of HDAC1 and HDAC2, no signiﬁcant changes in their m-RNA expression were seen in the liver
lesions of Group II, III and IV with respect to liver
samples of Group I (ﬁgure 2A). In western blot analysis
of the samples at 30th week, the expression of DNMT1,
HDAC1 and HDAC2 proteins showed concordance
with respective mRNA expression (ﬁgure 2B).
Thus, it seems that DNMT1 upregulation might have
important role in promoter hypermethylation of LIMD1
and P16.

3.4 Validation of promoter methylation status
of LIMD1, RBSP3 and P16 in liver cancer cell line
HepG2 in presence of amarogentin
For validation of promoter hypomethylation of LIMD1,
RBSP3 and P16, HepG2 cells were treated with
amarogentin at IC 30 (AM1) and IC50 (AM2) concentrations. In HepG2 cells, promoter regions of
LIMD1 and P16 were methylated, but no such change
was seen in RBSP3 gene promoter (ﬁgure 3A). However, after amarogentin treatment the promoter regions
of LIMD1 and P16 were seen to be hypomethylated
(ﬁgure 3A). As a result, there was signiﬁcant increase

Figure 2. Expression analysis of DNMT1, HDAC1 and HDAC2 in mice liver lesion. (A) mRNA expression analysis of the
above genes of all experimental groups. Y axis denotes relative expression. ** p value \ 0.01. (B) Western blot analysis
showing expression of corresponding proteins of 30th week samples only along with loading control a-tubulin. Peak
densities are marked below the autoradiographs

Amarogentin restricted liver carcinogenesis by epigenetic modiﬁcation

Page 7 of 11

53

Figure 3. Methylation analysis of LIMD1, P16 and RBSP3 of liver cancer cell line HepG2 by methylation sensitive
restriction digestion (MSRA) method. (A) In the left panel, gel images showing band patterns of undigested [U] and digested
[D] samples of each experimental group, HepG2, Lower IC50 value of amarogentin (AM1); IC50 value of amarogentin
(AM2) for LIMD1, P16 and RBSP3 respectively. pUC 19 plasmid Msp1 digested is loaded as marker [M] in the left most
lane, band sizes are 501/489 bp; 404 bp; 331 bp; 242 bp; 190 bp; 147 bp; 111/110 bp. (B) mRNA analysis of the above genes
in treated groups compared with untreated control. Y axis denotes relative expression. **denotes the p value \ 0.01.
(C) Western blot analysis showing expression of LIMD1, P16, RBSP3 proteins along with ppRB (Ser 807/811) and (Ser 567)
in different groups. a-Tubulin was used for loading control. (D) mRNA analysis of LIMD1, RBSP3, and P16 after treatment
of HepG2 cells with DNMT1 inhibitor 5-aza-2-deoxycytidine at three different concentrations 5, 10 and 20 lM. Different
concentrations of 5-aza-2-deoxycytidine and relative expression are plotted in X and Y axis. (E) mRNA Expression analysis
of DNMT1, HDAC1 and HDAC2 in HepG2 cell line in amarogentin-treated groups compared with untreated control.
Relative expression is plotted in Y axis. (F) Western blot analysis showing expression of corresponding proteins (DNMT1,
HDAC1 and HDAC2) along with loading control a-tubulin.
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in expression (mRNA/protein) of LIMD1 and P16 after
amarogentin treatment in dose dependent manner
(ﬁgure 3B, C). In addition, RBSP3 expression (mRNA/
protein) was also increased after treatment with
amarogentin (ﬁgure 3B, C). The increased expression
of these proteins in HepG2 cells after amarogentin
treatment was also conﬁrmed by reduced phosphorylation of RB at Ser 807/811 and Ser 567 (ﬁgure 3C). In
immunocytochemical analysis, the cytoplasmic/nuclear
expression of LIMD1, P16 and RBSP3 were increased
after amarogentin treatment (supplementary ﬁgure 4).
To conﬁrm the role of amarogentin as epigenetic
modulator, HepG2 cells were treated with a standard
demethylating agent 5-aza-2-deoxycytidine at different
concentrations. Like amarogentin treatment, gradual
increase in mRNA expression of LIMD1 and P16 were
seen with increase in concentrations of 5-aza-2deoxycytidine in HepG2 cells with slight increase in
RBSP3 expression (ﬁgure 3D) in HepG2 cells. Thus, it
seems that amarogentin is an epigenetic modulator like
5-aza-2-deoxycytidine.
3.5 Expression analysis of DNMT1, HDAC1
and HDAC2 in vitro after treatment
with amarogentin
To understand the mechanism of epigenetic modulation
of amarogentin the expression (mRNA/protein) of
DNMT1, HDAC1 and HDAC2 were analyzed in
HepG2 cells. Signiﬁcant decrease in mRNA expression
of DNMT1 was seen after amarogentin treatment
(ﬁgure 3F). The protein expression also showed
downregulation after amarogentin treatment in a concentration dependent manner (ﬁgure 3G). However, the
expression (mRNA/protein) of HDAC1 and HDAC2
did not change considerably (ﬁgure 3F, G). Thus, it
indicates that amarogentin could downregulate DNMT1
expression.

4. Discussion
In this study, the mechanism of upregulation of the
cell cycle inhibitors, viz. LIMD1, P16 and RBSP3,
during restriction of CCl4/NDEA-induced mouse liver
carcinogenesis by amarogentin treatment was evaluated. It was evident that the expression (mRNA/protein) of the genes was downregulated during the
CCl4/NDEA-induced mouse liver carcinogenesis
(Group II) (Pal et al. 2012). Among the genes, the
promoter regions of LIMD1 and P16 were hyper-

methylated in the liver lesions at 30th week, i.e.
hepatocellular carcinoma. Similar phenomenon has
also been seen in human liver cancer cell line HepG2.
Downregulation of LIMD1 due to promoter hypermethylation was reported in many cancers including
head and neck, lungs, breast, cervix etc. (Ghosh et al.
2010a, b; Foxler et al. 2011; Sharp et al. 2008;
Chakraborty et al. 2018). However, in liver cancer the
promoter methylation proﬁle of LIMD1 has not yet
been studied. In several studies, P16 hypermethylation
and subsequent downregulation were found to be
associated with hepatocellular carcinomas (Jin et al.
2000; Zang et al. 2011). Downreglation of RBSP3 due
to promoter hypermethylation was found to be
associated with breast, cervical and head and neck
carcinogenesis (Sinha et al. 2008; Mitra et al. 2010;
Ghosh et al. 2010a, b). However, its promoter
methylation proﬁle has not yet been studied in liver
cancer. So, the absence of methylation in the promoter region of RBSP3 as seen in our study needs
to be conﬁrmed by another primer set or restriction
enzyme.
In the restricted liver lesions of both pre (Group III)
and post (Group IV) initiation stages by amarogentin,
expression (mRNA/protein) of LIMD1, P16 and
RBSP3 genes were seen to be upregulated (Pal et al.
2012). In MSRA, absence of promoter methylation of
LIMD1 and P16 genes were seen in the liver lesions at
30th week after the amarogentin treatment. However,
in quantitative methylation analysis comparable
methylation frequencies of LIMD1 and P16 genes were
seen with respect to normal liver (Group I), indicating
restoration of normal function of liver compare to
carcinogen control (Group II). Similarly, amarogentin
could also upregulate the expression (mRNA/protein)
of LIMD1, P16 and RBSP3 genes in HepG2 cells,
probably through promoter hypo-methylation (LIMD1/
P16) resulting downregulation of ppRBSer 807/811
and ppRB Ser 567 expression as seen in our study. Like
amarogentin, upregulation of the genes has been seen
in the HepG2 cells after treatment with demethylating
agent/DNMT1 inhibitor 5-aza-2-deoxycytidine. Thus,
it seems that amarogentin has comparable function as
5-aza-2-deoxycytidine. Interestingly, amarogentin
could downregulate the expression (mRNA/protein) of
DNMT1 in HepG2 cells, indicating it as potent DNA
methylation modiﬁer like other natural products like
EGCG, Genistein, curcumin, etc. (Ratovitski 2017;
Mirza et al. 2013; Fang et al. 2003). In addition, the
insigniﬁcant changes in expression of HDAC1/2 in the
liver lesions indicate that histone deacetylation might
not be the primary mechanism in restriction of liver
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Figure 4. Schematic diagram showing the role of amarogentin in epigenetic regulation during mice experimental liver
carcinogenesis model and human liver cancer cell line HepG2.
Table 2. Recognition sites, amount of DNA and digestion conditions are mentioned here for two methylation sensitive
restriction enzymes used in this study using two primer sets (I and II)
Total No.
of sites in
PCR
ampliﬁed
region
Name of
the genes
LIMD1
P16
RBSP3

Restriction enzyme HpaII
Recognition
site CCGG

DNA
amount
100 ng

Digested at
378C
overnight

Set
I

Set
II

2
1
3

7
12
6

Total No.
of sites in
each
promoter
region
Restriction enzyme SmaI
Recognition
site
CCCGGG

DNA
amount
100 ng

Digested at
258C for 4
h

Set
I

Set
II

–
–
–

2
1
1
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carcinogenesis by amarogentin. Thus, further work is
needed to understand the role of HDACs during
amarogentin treatment (Eckschlager et al. 2017).
Thus, our data suggest that the upregulation of
the LIMD1, P16 and RBSP3 genes during restriction of liver carcinogenesis and HepG2 cells by
amarogentin treatment might be due to promoter
hypomethylation through downregulation of
DNMT1 expression (ﬁgure 4). However, importance of amarogentin on other epigenetic regulators
during restriction of the liver carcinogenesis needs
to be studied to understand its role as epigenetic
modulator in detail.
5. Conclusion
Our data suggest that DNA hypomethylation might be
one of the mechanisms of restriction of liver carcinogenesis by amarogentin (ﬁgure 4). In addition, the
evaluation of acetylation proﬁle of histones in the
restricted liver lesions needs to be studied to understand the epigenetic modulatory role of amarogentin in
detail.
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