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Abstract: Chemoresistance is one of the major factors for treatment failure in OSCC. Reprogramming chemore-
sistance cells to undergo drug induced apoptotic cell death is a feasible approach to overcome drug resistance. 
Cyanobacteria is considered important sources of lead compounds for the development of drugs for treating cancer 
chemoresistance. This study deals with the role of Tolypothrix Dichloromethane Ethyl acetate fraction (TDEF) induc-
ing apoptosis in cisplatin resistance H357 cell (H357cisR) and the underlying mechanisms sensitizing the chemore-
sistance. TDEF showing effective activity against H357cisR with IC50-14.13±1.18 µg mL-1, inhibits proliferation and 
migration. Proteome apoptosis arrays were found to stimulate phosphorylation of p53, activation of proapoptotic 
proteins including BAX and cytochrome C (CYCS), caspase-3/9 (CASP3/9), suppression of anti-apoptotic proteins 
like Bcl2, survivin and increased expression of the cell cycle checkpoint protein p21, p27. TDEF induced apopto-
sis with cell death-transducing signals, that regulate the Matrix metalloproteinases (MMPs) by down-regulation of 
Bcl2 and up-regulation of Bax, triggering the cytochrome c release from mitochondria to cytosol thus triggered the 
activation of caspases-9 to activate downstream executioner caspase-3/7 required for apoptotic changes. The 
mechanistic pathway of apoptotic cell death in H357cisR was done through inhibiting β-catenin through GSK3β in 
turn activated by AKT. The phosphorylated β-catenin leads to proteasome degradation and unable to translocation 
to nucleus thereby activating c-Myc, survivin, Cyclin D and upregulate p21 expression which lead to cell cycle arrest 
in G0/G1 phase. 
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Introduction

According to data from the Global Cancer 
Observatory (GCO), there were 3,77,713 OSCC 
cases annually in 2020, with Asia recording the 
most instances (2,48,360), followed by Europe 
(65,279) and North America (27,469). More 
than one-third of new cases (1,35,929) and 
one-fifth of deaths (75,290) are attributable to 
India alone [1].

Radiation treatment and surgery are the main 
therapeutic modalities used to treat OSCC. For 

OSCC tumours that cannot be physically 
removed, neoadjuvant CT is typically advised 
[2]. Chemotherapeutic drug resistance may 
develop as a result of innate or acquired mech-
anisms. In contrast to acquired mechanisms, 
which take place later in cancer treatment and 
result in tumour cells that were initially sensi-
tive to the chemotherapeutic agent being 
administered developing resistance against it, 
intrinsic mechanisms develop resistance natu-
rally to chemotherapeutic drugs at the onset of 
treatment [3, 4]. The chemoresistance cell 
experience increase cancer stem cell popula-
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tion, decreased drug accumulation, drug-target 
interaction, apoptotic response, and increased 
autophagy activity which leads to high chance 
of tumour recurrence [5]. 

Therefore, reprogramming resistant cells expe-
riencing drug induced cell death has become 
the possible strategy to overcome drug resis-
tance. Natural products such as medicinal 
plants and blue green algae extract play a sig-
nificant role in rewiring chemoresistance cell by 
inducing apoptosis. Filamentous cyanobacteria 
contain a great variety of compounds that are 
potentially exploitable for extracting bioactive 
substances that effectively kill cancer cells by 
inducing apoptotic death [6]. Cyanobacteria 
produce several compounds to induce apop-
totic death, and compounds like synthadotin 
[7], cryptophycin [8], and curacin [9] were 
already identified with their anticancer effect; 
some of these compounds have succeeded in 
entering the clinical trial also [10]. They have 
been reported to prevent cancer growth and 
neurodegenerative and infectious diseases 
[11]. Tolypothrix is a heterocystous filamen- 
tous cyanobacteria that belong to the order 
Nostocales and occurs in fasciculated colonies 
mostly found in floating tufts or submerged in 
fresh torpid water attached to plants or rock 
surfaces. Tolytoxin isolated from Tolypothrix 
specifically can alters the microfilament organi-
zation of cells by preventing actin polymeriza-
tion [12]. 

Early apoptotic cell express phosphatidylser-
ines (PS) on the plasma membrane’s outer leaf-
let and stained using the annexin V marker. 
Late apoptotic and necrotic cells lose the integ-
rity of their cell membranes, making them per-
meable to essential dyes like 7-AAD, Propidium 
iodide (PI) [13]. Apoptosis assay measures the 
biological events connected to programmed 
cell death, such as DNA fragmentation, phos-
phatidylserine (PS) exposure on the cell sur-
face, and caspase activation. Using the annexin 
V/7-amino-actinomycin stain, it is simple to dis-
tinguish between early and late apoptosis as 
well as necrosis. 

The activation of p53, a transcription factor, 
promotes apoptosis through the transcription 
of its target genes, such as Bcl-2 family mem-
bers [14, 15]. Anti-apoptotic proteins such as 
BCL-2, BCL-XL, MCL-1, BCL-W, and A1/BFL1 are 
inhibited by the BH3-only proteins upon activa-

tion of BAX/BAK. This leads to the permeabi-
lized of the mitochondrial outer membrane trig-
gering the recruitment of caspase and its 
activator APAF-1 [16], which destroys the cell. 
But the extrinsic pathway recruits and activates 
caspase-8 via the adaptors FADD and TRADD 
[17, 18] and accumulates death receptors in 
the plasma membrane to cause apoptosis.

One of the crucial connections between exter-
nal stimuli and essential cellular functions is 
the activated phosphatidylinositol 3-kinase 
(PI3K)/Akt pathway, which is critical for the pro-
liferation, apoptosis, and survival of tumor cells 
[19]. In many cancer types, including oral can-
cer, PI3K and Akt activation is a factors in  
medication resistance [20]. Additionally, Wnt/
β-catenin signaling system is essential for cell 
homeostasis and embryonic development. It is 
also implicated in tumor cell proliferation, inva-
sion, apoptosis, stemness, and treatment 
resistance. In the absence of a Wnt signal, ser-
ine/threonine kinases, casein kinase I (CKI), 
and GSK3β phosphorylate free cytoplasmic 
β-catenin, targeting it for destruction via the 
proteasome and lowering the levels of β-ca- 
tenin in the cytoplasm [21, 22]. Wnt signaling 
disrupts this degradation complex, and GSK3β 
dissociation prevents β-catenin from being 
phosphorylated and keeps it stabilized in the 
cytoplasm. The stabilized β-catenin in the cyto-
plasm is able to go into the nucleus and form a 
complex with T-cell factor/lymphoid enhancer 
factor (TCF/LEF) proteins; it induces the tran-
scription of genes involved in cell growth and 
proliferation, such as c-myc, cyclin D1, and sur-
vivin [23, 24]. The present study aimed to iden-
tify the mechanism behind the chemoresis-
tance cell H357cisR cell death induced by TDEF.

Materials and method

Cyanobacteria extract preparation

By following Doan et al., method, extraction 
was done in 40-45 d old batch cultures [25]. 
For extract preparation, 500 mg of dried bio-
mass was mixed with 500 µL of CH2Cl2, and 
Met OH. The extract was macerated in a homog-
enizer and reflux extraction using CH2Cl2/Met 
OH (2:1) solvent ratio. After 48 hrs, the solvent 
was filtrated, and the extract was concentrated 
in a rotary vacuum evaporator at 40°C. The 
dried residues were dissolved in dimethyl sulf-
oxide (DMSO) for evaluation of cell cytotoxicity.
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Column chromatography 

A portion of the extract was subjected to bioac-
tivity-directed silica column chromatography of 
silica gel (60-120 mesh). Different solvent sys-
tems of increasing polarity comprising hexane, 
Dichloromethane, ethyl acetate, and methanol 
served as mobile phases and eluted gradient 
with Hex (100%, v/v), Hex:CHCl3 (80:20% to 
20:800%, v/v), CHCl3 (100%, v/v), CHCl3:EtAc 
(80:20% to 20:80%, v/v), EtAc (100%, v/v), 
EtAc:EtAc (80:20% to 20:80% v/v), EtAc (100%, 
v/v), EtAc:MeOH (80:20% to 20:80%, v/v) and 
finally MeOH (100%, v/v), yielding 16 fractions 
[26]. The cytotoxic activity of 16 fractions was 
analyzed using an MTT assay on the H357 can-
cer cell line. The highest cell death potential 
fraction was further checked its cell viability 
against H357cisR cells.

Instrumentation and analytical conditions (LC-
MS)

The phytochemicals were examined using a 
1290 Infinity HPLC System that was coupled  
to a 6545 Q-TOF (Agilent Technologies, Santa 
Clara (CA), USA). For the chromatographic sepa-
ration of all metabolites, a Phenomenex Kine- 
tex 5 μm EVO C18 100A° column with an inner 
diameter of 1.6 mm and a length of 250 mm 
was utilised. The parameters for the column 
used were 35°C temperature, 5 μL injection 
volume, and a steady flow rate of 0.600 mL/
min. Metabolite separation was carried out by 
gradient technique with the mobile phase con-
sisting of (A) 0.1% formic acid in water and (B) 
methanol. The gradient was carried out by 
starting with 5% B for 0-5 minutes, linearly 
increasing B in a gradient from 5% to 100% B 
for 5.1-25 minutes, maintaining 100% B for 40 
minutes, and then moving back to 5% B to 
equilibrate the column for 30-40 minutes.

The following settings were optimised for MS 
and MS/MS scans under typical operating 
source conditions. The temperature of the gas 
source is 320°C, the sheath gas temperature  
is 350°C, the drying gas rate is 10 L/min, the 
nebulizer pressure is 40 psig, the spray voltage 
is 3500 V, and so on. For MS investigations, 
both positive and negative ionisation tech-
niques with m/z ranges of 50 to 1700 were 
employed. For the purpose of collecting MS 
data, scan rates of 1.0 scans per second were 
employed in both positive and negative modes.

Anticancer activity by MTT assay

H357 was obtained from sigma Aldrich, pro-
cured from European collection of authenticat-
ed cell culture and H357cisR cell was main-
tained in ILS Bhubaneswar. Cells were in- 
cubated on Dulbecco’s Modified Eagle Medium 
F12 (DMEM F12) enriched with 10% fetal 
bovine serum and 2% penicillin Streptomycin 
and 10 ug mL-1 hydrocortisone. Cell lines were 
maintained as monolayers in T75 cell culture 
flasks with filter screw at 37°C in a humidified 
5% CO2 incubator. Cells were treated with TDEF 
and performed MTT assay as follows [27]. The 
absorbance given from each well was read at a 
wavelength of 570 nm in a multi-plate reader. 
Graph Pad prim 8.2 was used to calculate the 
percentage of relative viability and the half-
maximal inhibitory concentration IC50.

AnnexinV/7AAD apoptosis assay

Cells were harvested and stained using with 
Annexin V and PI according to the manufactur-
er’s recommendations. Briefly, the cells were 
trypsinized, washed in PBS, and resuspended 
in binding buffer (1 × 106/mL). Equal volumes 
of Annexin V PE & 7AAD (Catalog 88-8102-74, 
eBioscience™) were added and incubated for 
15 min at room temperature in the dark and 
analyzed by flow-cytometry. Cells were gated 
and analyzed for doublet discrimination. A pop-
ulation of single cells was acquired at excita- 
tion (490 nm) and emission (630 nm) wave-
lengths [28]. Data analysis was performed 
using BD FACS Software (BD Biosciences) to 
identify the percentage of cells in different 
phases of the cell cycle.

Cologenicity assay

H357cisR 400 cells/well were seeded in a 
6-well culture plate and treated with 1, 2, and 3 
µg mL-1 for 18 days in DMEM/F12 medium. 
After 18 days, visible colonies were stained 
with 0.5% crystal violet, and images were cap-
tured in Chemi XRS Gel Documentation System 
(Bio-Rad) [29].

Wound-healing

H357cisR cells were seeded at a density of 5 × 
105 cells per well in a 24-well flat-bottom cul-
ture plate (BD Falcon). Cells were incubated 
with the indicated concentration of drugs in 
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DMEM/F12 medium supplemented with 10% 
FBS at 37°C [29]. When cells reached 90%  
confluence, wounds were created using p-10 
pipette tips and washed 3 × with 1 × PBS. 
Images at zero time points (t = 0 hour) were 
captured to record the initial area of the wounds 
and recovery images of the wounded monolay-
ers were captured at 12-hour time intervals for 
48 hours when complete healing of the wound 
area was found in one of the groups. Images 
were captured in the LEICA DMIL microscope 
and processed by LEICA LAS V4.2 software.

Cell cycle analysis

H357 cells (2 × 105) were seeded in a 6-well 
plate incubated in a CO2 incubator for 24 hrs at 
37°C. Cells were treated in different fraction 
concentrations of TDEF and further incubated 
for 48 hrs. Cells were rinsed twice with cold 
PBS, trypsinized, and harvested by centrifuging 
at 2000 rpm for 5 mins. The PBS rinsed cell 
pellet was fixed in ice-cold 70% ethanol over-
night or 2 hrs at -20°C. Fixed cells were  
rinsed in cold PBS and stained for 15 minutes 
at 37°C in the dark using 0.1% (v/v) Triton X- 
100 in PBS, 200 g/ml DNAse-free RNAse A, 
and 20 mg/ml propidium Iodide [30]. After- 
ward, the Tolypothrix-treated H357 cells were 
stained with PI, and the cell distribution in dif-
ferent cell cycle phases was analyzed by FACS 
Flow cytometer. 

Protein array analysis 

Human apoptosis array analysis was performed 
using a proteome profiler apoptotic array kit 
(ARY009; R & D system. Minneapolis, MN, 
USA). The experiment proceeded according  
to the manufacturer’s instructions. In short, 
H357cisR cells were treated with control and 
10 ug mL-1 of TDEF. After 24 hrs, cells were 
lysed gently with lysis buffer 6 and vortex for 30 
min at 4°C. The human apoptosis array nitro-
cellulose membrane was blocked with block-
ing. Following the release of the unbound pro-
teins, three items of washing with washing 
buffer were performed on the arrays and then 
incubated with a mixture of biotinylated detec-
tion antibodies and streptavidin-HRP antibod-
ies with constitutive washing. The Image J soft-
ware detected protein spot densities using the 
chemiluminescence detection reagents includ-
ed in the Array Kits. Then the relative change of 

apoptotic protein in the treated sample with 
respect to the control was determined.

Western blotting

H357cisR cancer cells were treated with TDEF 
(5, 10, and 15 μg/mL) for 48 hrs. Cells were 
lysed using RIPA buffer, and whole cell lysates 
were collected after centrifugation at 12,000 
rpm for 30 min at 4°C. Equal amounts of cell 
lysates were loaded for immunoprecipitation or 
immunoblotting using the indicated primary 
antibodies. The protein sample was separated 
by 5-12% SDS-PAGE, transferred to a nitro- 
cellulose membrane and blocked with 5% 
skimmed milk and BSA for 1 h, and incubated 
with primary antibodies (1:1000 dilution) at 
4°C overnight and then with secondary anti-
body (1:5000 dilution) for 1 h at room tempera-
ture. The blots were detected using a chemilu-
minescent ECL system. Using ImageJ software, 
the band intensity of each immunoblot (n = 3) 
was measured. Under the immunoblots, a 
mean band intensity value is shown. Each blot’s 
intensity was calculated by normalizing it to the 
intensity of the β-actin blot [31].

Statistics

All data are presented as mean and standard 
deviation calculated using GraphPad Prism 8.2. 
The statistical significance was calculated  
by one- and Two-way ANOVA, and a P value of 
less than or equal to 0.05 was considered 
significant.

Results

Tolypothrix column fraction 
Dichloromethane:Ethylacetate showing the ef-
fective cytotoxic activity against H357cisR

Tolypothrix filamentous cyanobacteria was 
extracted using Dichloromethane:Ethylacetate 
(2:1), the crude extract was further fractionated 
through Bioassay guided column fractionation. 
Hexane, Dichloromethane, Ethylacetate and 
Methanol were used in different solvent ratio 
and 16 different column fractions were collect. 
The active metabolites present in Tolypothrix 
crude extract and column fraction target can-
cer cell growth of H357 was determined by cell 
viability or MTT assay. Each one of the fractions 
treated against H357 and determined the cell 
viability percentage of all the column fraction. 
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Table 1. Cell treated with TDEF after 48 hrs were deter-
mined for cell viability using MTT reagent and absorbance 
was taken at 570 nm
Sl.no. Column fraction IC50 (ug mL-1)

1 A: 100% hexane 547.58±7.86
2 B: Hexane:Dichloromethane (80:20) 540.74±7.8
3 C: Hexane:Dichloromethane (60:40) 246.92±6.06
4 D: Hexane:Dichloromethane (40:60) 179.27±1.23
5 E: Hexane:Dichloromethane (20:80) 150.58±6.83
6 F: 100% dichloromethane 117.30±6.07
7 G: Dichloromethane:Ethylacetate (80:20) 139.09±5.44
8 H: Dichloromethane:Ethylacetate (60:40) 148.64±3.24
9 I: Dichloromethane:Ethylacetate (40:60) 31.99±3.03
10 J: Dichloromethane:Ethylacetate (20:80) 43.10±3.76
11 K: 100% Ethylacetate 59.73±3.77
12 L: Ethylacetate:Methanol (80:20) 85.25±3.67
13 M: Ethylacetate:Methanol (60:50) 258.26±6.18
14 N: Ethylacetate:Methanol (40:60) 344.94±7.41
15 O: Ethylacetate:Methanol (20:80) 812.89±6.37
16 P: 100% Methanol 330.06±7.73
Cell viability assay of 16 Tolypothrix column fraction were showing with 
their respective IC50 against H357 oral cancer cell line.

Then calculate the IC50 of 16 fraction using 
Graphpad Prism (Table 1; Figure 1A). Among 
them Dichloromethane and ethyl acetate 
(40:60) fraction show a significant cell cytotox-
icity against H357.

Dichloromethane:Ethylacetate (40:60), an eff- 
ective fraction against H357, was used to treat 
H357cisR cells, whose drug response was low 
due to intensive cisplatin treatment. TDEF has 
IC50 of 31.14±3.29 ug mL-1 in H357, whereas 
the reaction of those fraction to cell viability 
against H357cisR showed a more effective cell 
death with IC50-14.13±1.18 ug mL-1 (Figure 1B). 
While the anti-proliferative activity of TDEF 
against H357cisR was found significant in 48 
hrs where the activity was quite similar in case 
of 72 hrs treatment (Figure 1C).

The comparative study of TDEF in H357cisR 
and H357cisS shows the increase activity of 
TDEF in H357cisR cell and results showed that 
the activity of TDEF is far more significant  
than crude extract (Figure 1D). And TDEF has 
negligible cytotoxicity effect with IC50-455± 
1.20 ug mL-1 against Human Embryonic Kidney 
(HeK293) after incubation of 48 hrs (Figure 
1E). This showed that TDEF would have poten-

tial to sensitised chemoresistance 
activity in H357cisR cell. Henceforth, 
we evaluated TDEF could restore cispl-
atin mediated cell death. The cell via-
bility and cell death assay suggest that 
TDEF induced cisplatin mediated cell 
death in H357cisR. And further per-
formed combinational treatment of 
TDEF and cisplatin showing significant-
ly lower cell viability in case of combi-
national treatment as compare to 
treatment of cisplatin and TDEF alone 
(Figure 2A, 2B). These data suggested 
the restoration of cisplatin activity 
against H357cisR cell while combining 
TDEF and cisplatin.

Additionally, we performed colony 
forming assay with low concentration 
of extract and analysing its prolifera-
tive activity. The one with the highest 
concentration of 3 µg mL-1 was showing 
significant reduced in colony no. as 
compare to control (Figure 3A). TDEF 
treated H357cisR cell showing anti 
migration potential as wound closure 

are significant and the percentage of wound 
closure showed in dose and time dependent 
manner (Figure 3B, 3C). This result indicates 
the potential ability of TDEF to act as effective 
anti-proliferative and anti-migrating agents.

TDEF induces apoptotic cell death by arresting 
the proliferation of H357cisR cell 

When TDEF treated to H357cisR, the cells 
change its morphology to round in shape and 
start detaching away from the surface at hig- 
her concentration (Figure 4A). Annexin V/7AAD 
apoptosis assay kit was used to determine the 
percentage of early and late apoptosis. TDEF 
treated H357cisR cells showing drug-induced 
apoptosis in a dose-dependent manner (Figure 
4B). A graph of TDEF induced apoptosis in 
H357cisR was plotted against cell death (early 
apoptosis and late apoptosis) versus concen-
tration (Figure 4C).

In order to undergo uncontrol proliferation of 
cell division in cancer cell line, cell needs to 
divide rapidly but our extract TDEF inhibit the 
cell proliferation inducing cell cycle arrest. 
There are three phases in cell cycle G1, S and 
G2 phase. TDEF treated H357cisR cell arrest 
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Figure 1. A. Cell viability assay graph 
of 16 column fractions showing with 
their respective IC50 against H357 
oral cancer cell line. B. Graph of cell 
viability assay of TDEF against oral 
cancer cell line H357 sensitive and 
H357cisR. C. With respect to time, 
the cell viability decreased, but cell 
viability was almost similar in 48 hrs 
and 72 hrs. D. Tolypothrix column 
fraction TDEF showing significant cell 
death activity against H357cisR cell 
with IC50-14.13 µg mL-1 While Tolypo-
thrix crude having IC50 of 43.34±3.04 
µg mL-1. E. TDEF showing non-toxic 
to normal cell line Hek293 treating 
the indicated concentration of TDEF 
against HeK293 for 48 hrs. 

the cell cycle on G1 phase which was 17.3% 
more compare to control (Figure 4D). 

LC-MS/MS analysis of TDEF

TDEF was subjected to LC-MS/MS to identify 
the metabolites responsible for the anticancer 
activity. Compounds detected in the positive 

mode with anticancer properties were Can- 
thaxanthin [32], Dragonamide [33], Neuro- 
sporaxanthin [34], C16-sphingosine [35] were 
detected in the positive mode while D-Mannitol 
[36], Tetraconazole [37] and Tocotrienols [38] 
are detected in negative mode. 3-O-Methy- 
lgallate [39], Phloroglucinol [40] and 6-Paradol 
[41] were detected in both positive and nega-
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Figure 2. TDEF restored cisplatin-induced cell death in chemoresistant OSCC. (A) Cell viability of cisplatin against 
H357cisR cell and (B) Chemoresistant cell H357 CisR cells were treated with cisplatin 120 µg mL-1 and indicated 
concentration of TDEF for 48 hrs, after which cell viability was determined by MTT assay (Mean ± SEM, n = 3).

tive modes. The TDEF total metabolites detect-
ed using LC MS was shown in Suplementary 
Table 1. The total anticancer compounds 
detected in the positive and negative modes 
are listed in Table 2.

Antibody based apoptosis array screen reveal 
p53 mediated apoptosis and upregulation of 
p21

The potential molecular mechanisms responsi-
ble for the apoptotic activity were analyzed 
using a proteome profile array to evaluate 35 
apoptosis-associated proteins. In this study, 
we aimed to examine the dominant signalling 
cascades and apoptotic mediators during TDEF 
mediated cytotoxicity. Firstly, the cells were 
treated with 10 ug mL-1 extract concentration 
for 48 hrs, and total cell extracts were isolated 
and subjected to human apoptosis array analy-
sis. Overall, the results indicated that the p21, 
cytochrome C and Pp53 showed the greatest 
fold increase in apoptosis (with P21 increased 
4.91-fold, Cytochrome C 2.29-fold, and Pp53 
2-fold), as compared with the untreated con- 
trol (Figure 5A, Supplememtary Table 2). Other 
proteins also showed increased protein expres-
sion of cleaved caspase3 (1.49 fold). On the 
other hand, the protein expression of anti-
apoptotic proteins like Bcl2 survivin was signifi-
cantly decreased (Figure 5B).

TDEF regulate the expression of p53 in cispla-
tin resistance oral cancer cell line H357cisR 

As per the above result, TDEF treated H357cisR 
cells induced apoptosis. The result is further 
validated by immunoblotting of apoptosis-relat-
ed protein and analyzing its expression.We 
found that pAKT and MDM2 minimal expres-

sion while p53 got activated as MDM2 minimal 
expression unable to phosphorylate p53 for 
proteosomal degradation (Figure 6). Immuno- 
blotting data showed that when administrating 
TDEFH357cisR cells substantially increased 
cisplatin-induced cleaved poly (ADP-ribose) 
polymerase (PARP), Cleaved caspase 3, γ-H2AX 
expression and inactivation of anti-apoptotic 
proteins like Bcl2, survivin, and MCL1 which 
are proteins of p53 downstream pathway.

TDEF induces inactivation of the canonical 
Wnt pathway

TDEF treated cell protein lysate was isolated 
and used for immunoblotting study employing 
antibody of identified key players in the canoni-
cal Wnt pathway, including pGSK3B, cytosolic 
β-catenin, nuclear β-catenin, cyclin D1, and 
c-myc. When compared to controls, pGSK3b, 
phosphoβ-catenin, and cyclin D1 protein levels 
were lower after a 48-hour TDEF treatment. As 
AKT unable to inactivate GSK3β, β-catenin deg-
radation takes place which in turn prevents 
cMyc and cyclin D from being transcribed and 
boosts the production of p21 (Figure 7).

Discussion

Due to the widespread use of chemotherapeu-
tic medications, chemotherapy resistance is a 
significant limiting factor in the treatment of 
cancer. As a result, despite the market’s abun-
dance of cancer medications, treatment suc-
cess rates are still poor. Chemotherapy-
resistant cancer cells have large quantities of 
anti-apoptotic proteins. Therefore, it’s critical to 
reestablish apoptosis in chemotherapy-resis-
tant tumour cells. 

http://www.ajcr.us/files/ajcr0152359suppltab1.xlsx
http://www.ajcr.us/files/ajcr0152359suppltab1.xlsx
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Figure 3. A. Cell colony formation assay of 
H357cisR cell was performed with TDEF and 
control medium. Cell clones were counted under 
the microscope, and four separate experiments 
were performed for average. Randomly select 
five different fields to be counted in each well, 
and four separate experiments were performed 
for average. Data were obtained from at least 
three independent experiments. B. Representa-
tive images from in vitro scratch wound healing 
assays demonstrating that cell migration into the 
cell-free region (outlined) is significantly acceler-
ated when compared to controls. C. Summary 
bar graph illustrating percentage wound clo-
sure at indicated time points during the scratch 
wound assay.
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Figure 4. A. Oral cancer cell line H357 sensitive and H357cisR was seeded on 6 well plates and treated with differ-
ent concentrations 5, 10, and 15 ug mL-1. With respect to time, the cell morphology changes and becomes rounded 
in shape, and at higher concentration cell starts to detach from the surface. B. H357CisR cells were treated with 
indicated dose of TDEF for 48 hrs after which cell death was determined by annexin V/7AAD assay using flow cytom-
eter. The dot plots represent the percentage of early apoptotic (lower right) and late apoptotic cells (upper right). C. 
Bar diagrams indicate the percentage of cell death; black color portion indicates percentage of early apoptosis and 
grey color indicates percentage of late apoptosis occur with respective treated groups. D. TDEF treated H357cisR 
cell pellet was fixed with 70% ethanol and stained with propidium iodide and the cell distribution in different cell 
cycle phases was analyzed by FACS. Cell cycle arrest was shown highest at 10 ug mL-1 but the cell with the higher 
concentration of extract has experience apoptosis and necrosis. The percentage of the G1 population was found to 
be 65.1%, and the control G1 cell population was 47.8%.
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Table 2. List of the TDEF metabolites identified using LC MS 
a) Positive mode

Sl.no. Name Mass RT Height Area Score Formula m/z Diff (Tgt, 
ppm)

1 Canthaxanthin 564.396 26.64 1811983 39898460 98.95 C40 H52 O2 565.404 -0.59

2 6-Methoxymellein 208.073 20.08 10978 76580 82.96 C11 H12 O4 209.08 -3.73

3 4H-Cyclopenta[def]chrysene 240.095 15.42 1166 14650 75.27 C19 H12 241.103 3.92

4 Azithromycin 748.509 31.68 359947 4024774 99.52 C38 H72 N2 O12 749.516 0.68

5 Hydroxytyrosol 1-O-glucoside 316.116 17.88 1265 16452 77.67 C14 H20 O8 317.123 -0.45

6 Carvone oxide 166.099 22.08 2431 110462 77.57 C10 H14 O2 167.106 -5.55

7 Gamma Glutamylglutamic acid 276.097 22.36 6346 49843 81.11 C10 H16 N2 O7 277.104 4.17

8 Citalopram 324.165 17.23 3918 44325 77.37 C20 H21 F N2 O 325.173 4.81

9 Demethoxyfumitremorgin C 349.179 15.92 90297 652159 91.17 C21 H23 N3 O2 350.186 -0.83

10 Dezocine 245.179 17.42 2096 4005 76.01 C16 H23 N O 246.185 2.22

11 HMT-toxin 768.47 21.71 6599 108941 78.98 C41 H68 O13 769.478 5.46

12 Hydroxytyrosol 1-O-glucoside 316.116 17.88 1265 16452 77.67 C14 H20 O8 317.123 -0.45

13 Ivermectin B1b 860.491 22.13 1508 6212 77.12 C47 H72 O14 861.495 -1.79

14 Methotrexate 454.173 16.55 1816 13584 75.59 C20 H22 N8 O5 455.18 2.53

15 Neurosporaxanthin 564.396 26.66 1851791 39269957 99.35 C40 H52 O2 565.404 -0.77

16 Phloroglucinol 126.032 3.78 6382 55041 86.67 C6 H6 O3 125.024 0.16

17 Phytosphingosine 317.293 24.38 4652 49396 82.58 C18 H39 N O3 318.3 -1.71

18 Scutellarein 286.048 17.22 2327 43163 82.12 C15 H10 O6 287.055 0.48

19 Tacrolimus 803.481 27.99 15571 325418 95.89 C44 H69 N O12 804.488 -1.86

20 Macrocarpal I 490.291 22.59 80371 474575 78.98 C28 H42 O7 491.299 -3.76

21 Thioridazine 370.156 28.97 1605 18069 77.16 C21 H26 N2 S2 371.163 7.23

22 Xanthyletine 228.079 26.49 13619 215260 85.64 C14 H12 O3 229.087 2.12

23 Fortimicin KK1 366.211 21.54 74543 351950 92.05 C14 H30 N4 O7 367.219 -0.62

24 PC (14:0/14:0) 678.504 22.54 561415 11781329 86.58 C36 H73 N O8 P 679.512 -4.78

25 8-Epiiridodial 168.115 22.99 22884 1085954 85.89 C10 H16 O2 169.122 -1.82

26 C16 Sphinganine 273.267 22.18 106870 2101841 99.65 C16 H35 N O2 274.274 -0.91

27 Kanzonol K 436.186 25.57 496725 4172304 84.23 C26 H28 O6 437.193 -6.1

28 Dragonamide D 605.417 28.62 4561 83285 77.23 C32 H55 N5 O6 606.425 3.19

29 Naphthalene dihydrodiol 162.068 27.19 326541 2670798 87.63 C10 H10 O2 163.076 0.6

30 3-O-Methylgallate 184.0368 3.64 18361 271893 98.33 C8 H8 O5 183.0296 -2.1

31 6-Paradol 278.1882 26.75 3307 27507 79.19 C17 H26 O3 277.181 0.02

b) Negative mode

Sl.no. Name Mass RT Height Area Score Formula m/z Diff (Tgt, 
ppm)

1 Stearic acid 284.271 30.56 61761 403125 92.22 C18 H36 O2 283.2638 -1.85

2 D-Mannitol 182.0786 3.6 6787 61913 85.65 C6 H14 O6 181.0713 -2.54

3 Gallic acid 170.0213 3.8 13253 118030 86.3 C7 H6 O5 169.014 -1.59

4 Phloroglucinol 126.0317 3.78 6382 55041 86.67 C6 H6 O3 125.0244 0.16

5 Tetraconazole 371.0217 26.84 1441 28283 84.41 C13 H11 Cl2 F4 N3 O 370.0142 0.37

6 Lithocholic acid 376.2994 27.83 26024 1743140 83.43 C24 H40 O3 375.2924 4.47

7 Tocoretinate 712.583 29.61 10794 80051 81.46 C49 H76 O3 711.5763 4.96

8 3-O-Methylgallate 184.0372 15.21 4218 277730 77.6 C8 H8 O5 183.0299 0.09

9 6-Paradol 278.1882 26.75 3307 27507 79.19 C17 H26 O3 277.181 0.02

However, in our study, TDEF treated H357cisR 
cell showing upregulation of proapoptotic pro-
tein and downregulation of anti-apoptotic pro-
tein. Similar to L. Yang et al., report that Cur 
treated H69AR cells showed high protein 
expression of pro-apoptotic proteins such as 
Bad, Bax, Caspase-3, TRAIL R1, TRAIL R2, 

FADD, Fas, SMAC/DIABLO, HMOX2 whereas 
Bcl-2, cIAP-1, CLU, and HIF1A; anti-apoptotic 
proteins were significantly decreased [42].  
They also report the increase of cytochrome c 
release and cleaved caspase3 which are the 
crucial sign of mitochondrial mediated apopto-
sis [43]. Additionally, cytochrome C interacts to 
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Figure 5. A. The Pp53 and P21 signalling pathways are strongly activated 
by TDEF treatment. The human apoptosis proteome profiler array used a 
protein extract (400 µg). The intensities of each array spot were visualized 
and further quantified using an image. B. The graph shows the relative fold 
change of proteins with significant differences upon TDEF treatment, setting 
1 for control (no treatment of TDEF). Protein levels with higher than ± 2 folds 
are considered candidates for TDEF-induced cell death.

Apaf-1 during mitochondrial-mediated apopto-
sis to create the apoptosome complex. Further 
caspase 3 and other downstream caspases  
are activated when procaspase 9 binds to the 
apoptosome [44]. In harmony to the above 
report, TDEF induces loss of mitochondrial 
potential, supports that the overexpression  
of BAX and release of CYCS caused the mito-
chondrial malfunction to generate energy to the 
cell. This, in turn, stimulated the cleavage of 
CASP9/3 and PARP1. On the other hand, G1/S, 
G2/M cell cycle checkpoint proteins like Pp53, 
p21, and p27 are all overexpressed and cause 
cell cycle arrest. Immunoblotting results were 
analysed p21, pP53, Bax were found increases 
and antiapoptotic proteins like Bcl2, survivin, 
cyclin E found decreases. The intrinsic mito-
chondrial route is likely used to carry out the 
TDEF induced apoptosis, given the induction/
cleavage of BAX/CYCS/CASP9/CASP3/PARP1. 
And the Tacrolimus metabolites detected from 
LC-MS/MS reported the inhibition of oral carci-

nogenesis through cell cycle 
control [45]. 

According to the findings of 
the apoptosis array profiling, 
p21 and p53 were the pro-
teins with the highest fold 
changes. It has been reported 
that MDM2 can be phosphory-
lated at Ser166 and Ser186 
by insulin-induced activated 
AKT (Ser473), which can lead 
to p53 being degraded by pro-
teasomes both in the cyto-
plasm and the nucleus via 
MDM2 [46-48]. Therefore, the 
crucial p53 pathway proteins 
were examined using an imm- 
unoblotting evaluation, where 
pAKT and pMdm2 were found 
downregulated. Therefore, it 
can be deduced that inactive 
AKT is unable to phosphory-
late MDM2 or p53 for pro- 
teosomal degradation, which 
causes p53 activation and 
transcript genes involved in 
apoptosis, including Bcl2, Bax, 
survivin, and bad cell cycle 
regulators like p21 and p27. 

Similar to this, it has been shown that PI3K-Akt 
inhibition results in increased expression of 
p21 and p27 [49]. Therefore, the result empha-
sized that the upregulation of p53 as well as 
the cell proliferation repressor proteins, p27 
and p21 proved to be the consequences of 
PI3K-Akt inhibition. According to our result, 
TDEF treatment caused p53-mediated cell 
death in H357cisR cells. 

We further study more on chemoresistance 
reprogramming pathway so as cell death mech-
anism of TDEF-treated H357cisR cell. Literature 
search revealed that β-catenin is abnormally 
active in the majority of CRC patients [50, 51] 
and is crucial for maintaining CCS-like cells 
[52]. Hence, β-catenin become a crucial thera-
peutic target for cancer chemoresistance. 

Additionally, EZH2 protein suppression results 
in an increase in p21cip1 expression, which 
ultimately induces cell cycle arrest in the G1/S 
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Figure 6. p53 expression is up-regulated in TDEF treated H357cisR cell against cisplatin chemoresistance oral can-
cer cell line H357cisR. Cell lysates were isolated and subjected to immunoblotting against indicated p53 regulated 
proteins and β-actin antibodies.

Figure 7. Activation of GSK3β followed by reduced 
expression of active β-catenin in cisplatin-resistant 
lines H357cisR were found in immunoblotting stud-
ies with indicated antibodies. 

phase and inactivates the Wnt/β-catenin sig-
nalling pathway [53].

Our result is supported by the LC-MS/MS 
results which detected the presence of sphin-
gosine [54] and γ-Glutamyl hydrolase [55] sen-
sitized chemosensitivity of cancer cells.

Similarly, our proteome profiling and immunob-
lotting results showed the increase expression 
of P21 while β-catenin expression found 
decreases and cell cycle arrest also observed 

at the G1 phase of cell cycle. We further look 
into the signalling pathway of PI3K/AKT/Beta 
catenin pathway. AKT has a crucial role in con-
trolling both cell survival and apoptosis which  
is phosphorylated by Phosphoinositide-3 kin- 
ase (PI3K)-phosphoinositide-dependent pro-
tein kinase-1 (PDK1). Numerous cellular activi-
ties, including cell metabolism, cell death, and 
cell survival, rely on GSK3β because it is a cru-
cial effector of PI3K/AKT cellular signalling 
[56]. The PI3K-Akt pathway in oral cancer is 
known to promote β-catenin’s nuclear translo-
cation in OSCC through the Akt-mediated phos-
phorylation of GSK3β, according to the findings 
[57-59]. According to earlier research, GSK3β 
inactivation by LiCl caused β-catenin to become 
activated and then go into the nucleus [60]. 

Glycogen synthase kinase 3 β (GSK3β), casein 
kinase 1 (CK1), the tumor-suppressor protein 
adenomatous polyposis coli (APC), and axin 
form a multiprotein complex known as a 
“destruction complex” that phosphorylates 
β-catenin on residues Ser33/Ser37/Thr41 in 
the absence of Wnt ligands [21, 61]. By being 
phosphorylated, β-catenin is subjected to pro-
teasome-mediated destruction, which lowers 
its concentration in the cytoplasm. Inhibition of 
β-catenin unable to transcript c-Myc, survivin, 
and cyclin D1 and controls the progression of 
the cell cycle and ultimately results in P21 
upregulation which results to cell cycle arrest 
[62, 63]. 

Overall, the mechanistic pathway of cell death 
was found to proceed through inactivating AKT, 
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inducing activation of p53 results in to increase 
of P21 and, ultimately, cell cycle arrest. It also 
suppressed β-catenin pathway by inhibiting  
the phosphorylation of GSK3β. Inhibitionof 
β-catenin which in turn prevented the expres-
sion of cyclin D, survivin, and c-Myc (Figure 8).

TDEF treated H357cisR cell death undergoes  
in two different pathways of AKT: PI3K/AKT  
and AKT/beta catenin pathway. Inactivation of 
PI3K/AKT pathway results to activation of p53 
pathway inducing apoptosis. While, inactivate 
of AKT blocked β-catenin translocation in 
nucleus thereby inactivate cell proliferation and 
ultimately blocked cell cycle arrest.

Conclusion 

The present study proved that the Tolypothrix 
Dichloromethane Ethylacetate fraction (TDEF) 
showed effective cell death against H357cisR 
with an IC50 of 14.13±1.18 µg mL-1 which is 
more effective than H357. The extract shows 
anti-proliferative, anti-metastatic activity and 
also induces cell cycle arrest in the G1/S pha- 
se. The Proteome profiler array result depicts 
the high fold change in P21, cytochrome C and 
Pp53. Immunoblotting results shows an impact-
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ful role of p53 and AKT in 
TDEF induced apoptosis, cell 
cycle arrest and inhibition of 
β-catenin pathway in H357- 
cisR. The overall analysis of 
the result concluded that 
TDEFinduced cell death in 
H357cisR cells via the PI3K/
AKT/Beta-catenin pathway. 
TDEF had the potential to sen-
sitize chemoresistance oral 
cancer H357cisR. The promis-
ing results, together with the 
simple and cost-effective cul-
turing and extraction tech-
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potential sources for chemo-
therapeutic anticancer drugs 
for the future. This fraction 
may be relevant for cancer 
therapeutic target for H357- 
cisR. Further study would pro-
vide more specific and less 
toxic drugs which would need 
preclinical animal model.
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Supplementary Table 2. Spreadsheet data of  TDEF protein profiler array for the calculation of Protein expression fold changed as compare to 
the expression of PBS 

Targets Array quantification 
values (Treatment) 

Negative  
control (PBS)

Treatment  
normalized to PBS Average Array quantification 

values (Control) 
Negative  

control (PBS)
Control  

normalized to PBS Average Fold change (Treatment 
avg/Control avg)

Reference spot 1 204.795 99.727 105.068 209.246 97.39 111.856

211.812 99.086 112.726 108.897 209.067 96.644 112.423 112.1395 0.971085122

Reference spot 2 213.697 99.727 113.97 214.448 97.39 117.058

216.271 99.086 117.185 115.5775 212.725 96.644 116.081 116.5695 0.991490055

Bad 119.68 99.727 19.953 118.228 97.39 20.838

120.598 99.086 21.512 20.7325 118.7 96.644 22.056 21.447 0.966685317

Bax 115.23 99.727 15.503 110.914 97.39 13.524

112.747 99.086 13.661 14.582 109.109 96.644 12.465 12.9945 1.122167071

Bcl2 103.111 99.727 3.384 102.743 97.39 5.353

103.62 99.086 4.534 3.959 101.675 96.644 5.031 5.192 0.76251926

Bcl-x 105.177 99.727 5.45 101.897 97.39 4.507

106.823 99.086 7.737 6.5935 102.977 96.644 6.333 5.42 1.216512915

Procaspase3 212.264 99.727 112.537 210.148 97.39 112.758

213.882 99.086 114.796 113.6665 213.551 96.644 116.907 114.8325 0.98984608

Cleaved caspase3 180.872 99.727 81.145 154.895 97.39 57.505

165.162 99.086 66.076 73.6105 137.413 96.644 40.769 49.137 1.49806663

catalase 147.472 99.727 47.745 129.535 97.39 32.145

144.953 99.086 45.867 46.806 131.205 96.644 34.561 33.353 1.403352022

cIAP1 162.231 99.727 62.504 136.504 97.39 39.114

160.498 99.086 61.412 61.958 139.023 96.644 42.379 40.7465 1.520572319

cIAP2 140.341 99.727 40.614 112.772 97.39 15.382

132.25 99.086 33.164 36.889 113.947 96.644 17.303 16.3425 2.257243384

claspin 144.25 99.727 44.523 155.091 97.39 57.701

140.87 99.086 41.784 43.1535 152.497 96.644 55.853 56.777 0.760052486

clusterin 105.105 99.727 5.378 100.402 97.39 3.012

108.322 99.086 9.236 7.307 101.79 96.644 5.146 4.079 1.791370434

cytochrome C 112.942 99.727 13.215 103.554 97.39 6.164

114.048 99.086 14.962 14.0885 102.869 96.644 6.225 6.1945 2.274356284

TRAIL R1/DR4 151.002 99.727 51.275 145.686 97.39 48.296

149.535 99.086 50.449 50.862 143.941 96.644 47.297 47.7965 1.064136495

TRAIL R2/DR5 158.281 99.727 58.554 148.467 97.39 51.077

157.079 99.086 57.993 58.2735 147.233 96.644 50.589 50.833 1.146371452

FADD 142.459 99.727 42.732 138.785 97.39 41.395

143.644 99.086 44.558 43.645 135.302 96.644 38.658 40.0265 1.090402608

Fas/TNFRSF6/CD95 178.489 99.727 78.762 154.275 97.39 56.885

176.267 99.086 77.181 77.9715 156.87 96.644 60.226 58.5555 1.331582857

HIF-1a 166.6 99.727 66.873 152.097 97.39 54.707

161.592 99.086 62.506 64.6895 149.435 96.644 52.791 53.749 1.203547973
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HO-1/HMOX1/HSP32 128.117 99.727 28.39 123.566 97.39 26.176

123.806 99.086 24.72 26.555 120.379 96.644 23.735 24.9555 1.064094087

HO-2/HMOX2 141.869 99.727 42.142 137.216 97.39 39.826

142.062 99.086 42.976 42.559 140.829 96.644 44.185 42.0055 1.013176846

HSP27 163.228 99.727 63.501 157.915 97.39 60.525

157.671 99.086 58.585 61.043 160.536 96.644 63.892 62.2085 0.981264618

HSP60 118.945 99.727 19.218 131.986 97.39 34.596

115.111 99.086 16.025 17.6215 125.494 96.644 28.85 31.723 0.555480251

HSP70 123.008 99.727 23.281 116.655 97.39 19.265

120.445 99.086 21.359 22.32 112.53 96.644 15.886 17.5755 1.269949646

HTRA/0mi 153.326 99.727 53.599 136.365 97.39 38.975

156.789 99.086 57.703 55.651 140.483 96.644 43.839 41.407 1.343999807

Livin 106.548 99.727 6.821 100.615 97.39 3.225

105.958 99.086 6.872 6.8465 99.184 96.644 2.54 2.8825 2.375195143

PON2 168.96 99.727 69.233 149.215 97.39 51.825

161.356 99.086 62.27 65.7515 148.347 96.644 51.703 51.764 1.270216753

p21/CIP/CDKN1 A 133.932 99.727 34.205 103.499 97.39 6.109

130.727 99.086 31.641 32.923 104.046 96.644 7.402 6.7555 4.873510473

p27/Kip1 110.108 99.727 10.381 104.939 97.39 7.549

109.168 99.086 10.082 10.2315 105.471 96.644 8.827 8.188 1.249572545

phospho-p53 (S15) 119.892 99.727 20.165 107.247 97.39 9.857

119.711 99.086 20.625 20.395 107.169 96.644 10.525 10.191 2.001275635

Phospho-p53 (S46) 160.032 99.727 60.305 135.575 97.39 38.185

156.857 99.086 57.771 59.038 134.282 96.644 37.638 37.9115 1.557258352

Phospho-p53 (S392) 144.496 99.727 44.769 127.845 97.39 30.455

142.374 99.086 43.288 44.0285 125.736 96.644 29.092 29.7735 1.478781467

Phospho-Rad 17 (S635) 116.181 99.727 16.454 108.025 97.39 10.635

116.696 99.086 17.61 17.032 108.228 96.644 11.584 11.1095 1.5331023

SMAC/Diablo 140.067 99.727 40.34 128.155 97.39 30.765

140.159 99.086 41.073 40.7065 128.314 96.644 31.67 31.2175 1.303964123

Survivin 132.394 99.727 32.667 148.477 97.39 51.087

131.259 99.086 32.173 32.42 148.962 96.644 52.318 51.7025 0.627048982

TNF RI/TNFRSF1A 112.182 99.727 12.455 109.902 97.39 12.512

110.143 99.086 11.057 11.756 108.523 96.644 11.879 12.1955 0.963962117

XIAP 167.962 99.727 68.235 152.703 97.39 55.313

171.599 99.086 72.513 70.374 158.027 96.644 61.383 58.348 1.206108179

PBS (negative control) 99.727 99.727 0 97.39 97.39 0

99.086 99.086 0 0 96.644 96.644 0 0 0

Reference spot 207.064 99.727 107.337 206.081 97.39 108.691

209.752 99.086 110.666 109.0015 206.681 96.644 110.037 109.364 0.996685381


