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Abstract: Oral cancer (mainly oral squamous cell carcinoma or OSCC) is a dangerous
health problem and the sixth foremost cancer globally. Current oral cancer treatments
include surgery, chemoradiation therapy, targeted therapy, and immunotherapy. Despite
recent progress, resistance to classical chemotherapeutic drugs, radiation therapy, targeted
chemo-drug/monoclonal antibodies, and even the resistance to Immuno-Checkpoint
Inhibitors remains hurdle for OSCC treatment and cause disease relapses. Many therapeutic
agents induce drug resistance (DR), which varies among oral cancer patients. The DR can
be intrinsic or acquired; knowing the DR mechanisms is essential. The constantly evolving
OSCC cells with effective energy management, though, get adapted to drug pressure but
respond to many plant-based extracts and purified phytochemicals. Though DR appears to
be a never-ending process, improvising plant-based phytochemical/s with different cocktail
formulations, nano-based modifications, or modern technology has tremendous potential.
A better understanding of DR and chemoprevention can show the path to future
personalized therapy approaches.
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1. Introduction

Oral cancer is the leading cause of cancer-related death in
south-east Asia and India [1]. OSCC (oral squamous cell
carcinoma) is the most common among different types of
mouth cancers. Advancement of research in this field comes
with numerous drugs and therapeutic strategies, and many
of these work well in the primary/initial stages of treatment.
Current primary therapies for oral cancer include surgery,
chemo/radiation therapy, targeted therapy with small
molecular inhibitors (SMI), and monoclonal antibodies or
immunotherapy (MAbs) [2, 3]. Despite intense research and
successes in treating oral cancers, cisplatin is the primary
chemotherapeutic drug to treat OSCC.

Conversely, numerous oncogenes and signaling molecules
supported OSCC survival over the years and found
lucrative targets [4]. Chemotherapeutic anti-cancer agents
like cisplatin form DNA adducts, and 5BU (5-Bromouracil)
gets incorporated with rapidly growing tumor cells, causing
DNA damage, reducing proliferation, and promoting cell
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death. However, most of these chemo drugs have an off-

target effect on healthy normal cells causing high toxicity
and side effects [5]. Therapeutic resistance for nontargeted
chemo-drugs, for radiation treatment, targeted (SMIs)
chemo-inhibitors/TKIs (erlotinib, gefitinib, and lapatinib),
and monoclonal antibodies (cetuximab, panitumumab
against EGFR) and Immune Checkpoint Inhibitors
(nivolumab against PD1) have been reported.

These drugs are effective during early treatment, but
patients develop recurrent cancer as treatment of oral cancer
proceeds [6]. Later, most of these tumor cells adapt to
pharmaceutical treatment and become DR. Drug resistance
leads to most cancer-related deaths [7, 8]. Besides the
chemotherapeutic drugs, resistance to immune checkpoint
inhibitors (ICI) has also been reported for OSCC. These DR
mechanisms vary significantly among different patients,
tumor stage/grade, cancer cell types, and nature/dose of the
drug [9]. Hence, DR can be varied from patient to patient
and is difficult to classify. The cancer cells offer
intrinsic/inherent or acquired resistance. The intrinsic
resistance is inbuilt with the patient and present before drug
treatment; on the other hand, the acquired resistance is
induced by the cancer cells after therapy.

Intrinsic/innate resistance to particular drug/s has been
observed in many oral cancer patients. These patients do not
respond to drugs because of pre-existing factors. These
factors include specific genetic mutations, deletions,
amplifications, alternative splicing, or post-translational
protein modifications. A minor subpopulation of treatment-
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selected cells behaves like cancer stem cells (CSCs) and
causes tumor relapse [6, 10]. Upon cisplatin treatment,
many oral tumor cells showed PI3K-Akt, EGFR-MAPK,
JAK-Stat3, CD44, and Nanog overexpression [11-15]. The
high activation of EGFR, PI3K, and Akt pathways activate
TFs (transcription factors) like AP-1, NFxB, p53, Snail,
Slug, etc., causing EMT (epithelial-mesenchymal
transition) of OSCC [16, 17]. Other defensive CSC
strategies, like increased drug efflux (mediated by ABC
transporter), and detoxifying drug (via glutathione S-
transferase system), have been reported in OSCC.
Similarly, the overexpression of CD44, ALDH1A1/3A1,
and Nanog in a minor population of OSCC cells promotes
cisplatin-resistant [11, 12, 17]. Similarly, the minor
subpopulation with more self-renewal programs and
survival makes it more therapy-resistant [10, 13-15].
Intrinsic therapy resistance is a vital problem in OSCC.

In acquired resistance, the efficacy of an anti-cancer drug
gradually decreases after the drug treatment. In the acquired
resistance, the drug target gets modified or mutated over
time [10, 18, 19]. The DNA repair ability of OSCC cells
affects the therapeutic efficacy of platinum compounds and
poly ADP-ribose polymerase inhibitors. It causes acquired
resistance in OSCC [20]. The shifting of EGFR mutations
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mutations of BCR-ABL kinase within the target kinase
domain have been reported that cause acquired resistance in
cancer [25]. Resistance to immune therapy caused due to
the acquired defect of tumor-specific antigen expression
(PD1, PD-L1, or CTLA4) in OSCC [26]. Hence acquired
resistance is also widely observed in OSCC [27].

Other mediators can cause innate or acquired resistance in
OSCC. These include the activation of proto-oncogene/s,
miRNA, IncRNA, circ-RNA, mutations, drug target
alterations, tumor microenvironment (TME) changes, and
mobilization of these molecules through micro-vesicles or
exosomes after treatment. With all these molecular players
of diverse characters, the story of the DR in OSCC is
lengthy and complicated. These scenarios warrant a refined
understanding of the DR mechanism in OSCC for better
therapeutics.

2. Drug resistance mechanism in OSCC

Oral cancer patients are treated with chemotherapy
(including nontargeted cisplatin, carboplatin, docetaxel,
paclitaxel, adriamycin, doxorubicin, epirubicin, pirarubicin,
methotrexate and 5-FU, i.e., 5-fluorouracil or targeted SMI
like erlotinib, sunitinib, sorafenib, olaparib, etc.) or
radiotherapy (2D, 3D-CRT and IMRT) or both types. The

caused therapy resistance to first, second, and third- patients also receive immunotherapy  (targeted
generation TKIs (tyrosine kinase inhibitors) in cancer [21-  immunotherapy, ie, cetuximab, bevacizumab,
24], including OSCC. Likewise, the imatinib (TKI) induced
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Cemiplimab, Atezolizumab
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THERAPY RESISTANCE (THE FINAL OUTCOME) IN ORAL CANCER

Figure 1: Common treatment strategy for oral cancer: Oral cancer is mainly treated by surgery; surgery and radiation;
surgery, positive loco-regional lymph node removal (LRLNR) and radiation; surgery, LRLNR, radiation and
chemotherapy; or palliative care with only radiotherapy based on tumor site, type of tumor, stage/ grade and biopsy status
of nearby lymph nodes. The therapy resistance is mainly seen in the treatment of all three major classes: (A)
Chemotherapy, (B) Radiation therapy and (C) Immunotherapy. (A) It’s not a remedial modality alone; it’s administered
before surgery (induction) and/or with irradiation/ post-surgery chemoradiotherapy. The common use of adjuvant
chemoradiotherapy has been seen. The chemotherapy drugs (cisplatin, 5-FU, methotrexate, hydroxyurea, anthracyclines,
platinum derivatives, alkaloids, and toxoids) and targeted chemo-drugs against RTKs (erlotinib, gefitinib, sorafenib,
sunitinib etc.), and drugs that block GF receptors/ enzymes (sirolimus) were used. (B) Radiotherapy (RT) is used only if
the tumor is inoperable as a palliative choice for terminal cases and combined with chemo/ targeted therapy. The 3D-CRT
(3-dimensional conformal RT) and intensity-modulated RT (IMRT) are used to protect (e.g., optic nerve, brainstem, spinal
cord and parotid glands) vital organs. (C) The targeted immunotherapy drugs, including monoclonal antibodies
(cetuximab, panitumumab, bevacizumab, etc.), ICIs (nivolumab, pembrolizumab, cemiplimab, atezolizumab, avelumab
etc.) have been used. Many of these strategies work fine during the initial days but lead to DR.
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Figure 2: Mechanism of treatment failure in OSCC. Treatment failure is the primary concern and raises the
question of using single-molecule/ single targets on cancer. Here the common treatment failure mechanisms
(A-J) have been projected (A) Alteration of Drug Target; (B) Bioenergy dependency; (C) Change of drug
efflux; (D) DNA Damage Repair; (E) Epigenetic alteration; (F) Foul tumor microenvironment (G) General
senescence escape; (H) Heterogeneity of tumor; (I) Initiation of EMT; and (J) Jigsaw Extracellular

Vesicles/microsomes as discussed in the text.

panitumumab, etc., and immuno-checkpoint inhibition with
nivolumab, pembrolizumab, cemiplimab, atezolizumab,
etc.) [8, 28-31] for their treatment as depicted in figure 1.

However, the OSCC is challenging to treat by using these
drugs. So, at the end of each treatment, there is only one
outcome, i.e., drug resistance. Each oral tumor’s DR pattern
appears different [29, 32]. This can depend on several
genetic, epigenetic, and other factors [33]. There is a great
variation of DR on a patient-to-patients basis [9] which is
vital for treatment success [34]. Here, the oral cancer DR
mechanisms are summarized under these subheadings:
alteration of drug target, bioenergy dependency, change of
drug efflux, DNA damage repair, epigenetic alteration, foul
tumor microenvironment, and general senescence escape,
heterogeneity of tumor and initiation of EMT. Many of
these factors move through the extracellular vesicles and
make the sensitive oral cancer cells resistant have also been
discussed (figure 2).

2.1 Altering drug target

Alteration of drug targets (ADT) is where the drug target
molecule gets altered with drug selection pressure. ADT is
evident in DR or recurrent oral tumor patients. OSCC is
treated with many targeted therapies, which in many cases

leads to therapeutic resistance [35-37]. Prolonged exposure
of OSCC cells to the drugs like afatinib, MK2206, BEZ235,
olaparib, and cisplatin caused a nearly eight-fold rise in the
mutational rate [38]. This reduced several advantages of
targeted therapy over traditional chemotherapies, which are
often toxic to normal cells. The ADTs occur due to the
generation of a secondary mutation/s or epigenetic
modifications [36, 37] affecting the drug target.

Wild-type (wt) p53 senses cellular DNA damage and
activates the responses [39]. P53 mutation at the DNA
binding domain can predict the therapy resistance in OSCC
[40]. Upon selection pressure, the cancer cell with wt-p53
acquired p53 mutations [36, 37], which fails the DNA repair
[36], and offers treatment resistance [35]. Many EGFR
inhibitors are initially effective and subsequently cause
drug-induced mutations in OSCC [41-43]. The EGFR
T790M mutations were described among OSCC patients
[44], which endorses acquired resistance [22]. Similarly,
the resistance to ICI therapy in OSCC [45] could be due to
the loss of antigen presentation, and epigenetic
modification/s. The lack of memory T-cells, defects of
interferon pathways, and upregulation of other immune
checkpoints [46] could be other mechanisms. These drugs
induced mutations caused in therapy resistance of OSCC.
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2.2 BioEnergy dependency

All living cells, including cancer cells, need energy for their
survival. ATP, either in the extracellular tumor
microenvironment, supports metabolism and even
therapeutic resistance [47]. The inhibitors of GAPDH and
LDH (like 3-bromopyruvate or oxamate and FX11) reduce
ATP (intracellular) levels and sensitize them to therapy.
Cetuximab inhibits glucose uptake and lactate production
and reduces cellular ATP levels of OSCC [48]. The OSCC
cells with elevated AMPK activity were less sensitive to
cetuximab-induced growth inhibition [49]. The increased
intracellular ATP competes with the inhibitors of RTK
(receptor TKs)/TK (tyrosine kinases) or enhances drug
(ABC transporters) efflux, causing therapy resistance. The
purinergic receptors help import ATP [50] and support the
carcinogenesis and chemoresistance of cancer [51].
Purinergic receptors (P2X/Y, P2R) are involved in the
therapy resistance of OSCC [11, 14, 15, 52]. This purinergic
receptor-mediated signaling activates interleukins and TFs
(c-Jun/NFkB) in OSCC [53, 54]. Extracellular ATP
activates and increases glucose transporter-1 in cancer cells
via P2X7 [55], causing therapy resistance in OSCC [11-14].
ATP released from stressed cells degrade to AMP/
adenosine by CD39/73 and is observed in OSCC [56] linked
with resistance. Adenosine signaling affects extracellular
ATP and promotes immunosuppression and therapy
resistance in OSCC [57, 58].

2.3 Change of drug efflux (DE)

The efflux of anti-cancer drugs plays a vital role in
chemotherapy resistance. The intrinsic or acquired causes
can promote this ATP-driven DE [8]. The human genome
has 48 ABC transmembrane transporter DE genes that
belong to seven subfamilies (ABCA to G) [59]. The
expression of ABCB1/C1/G2 was found to be linked with
the DE of many drugs (anthracyclines, bisantrene,
camptothecins, epipodophyllotoxin, flavopiridol,
mitoxantrone, and TKIs-gefitinib/imatinib). These ABCA-
G molecules removed cisplatin, doxorubicin, etoposide,

paclitaxel, and vinblastine and were elevated in
chemotherapy-treated OSCC patients [60-62]. The

overexpression of ABC-B1/C1/G2 was involved with the
therapy resistance of OSCC [60, 63, 64]. ABCB1/C1/G2
upregulation was found in cisplatin-resistant OSCC [34, 65,
66]. Similarly, the patients with more MDR(P-gp), MRP,
and BCRP were associated with therapy resistance [34]. All
these drug efflux molecules cause therapy-resistant in
OSCC [66, 67]. Different signaling pathways like Hh (5-FU
and cisplatin-resistant OSCC)/ABC transporters [60], Nrf2-
induced expression of ABCG2 in CSCs [68], Notchl driven
ABC transporters [69], MAPK (JNK) propelled MDR (p
gp) [70] and p38 MAPK induced Hsp27/ABCG2/MDR-1
causing therapy resistance in OSCC [63]. All these
signaling pathways fuel many gene upregulations causing
therapy failure, DR, and tumor relapse in OSCC.

Phyto-optimism for therapy-resistant OSCC

2.4 DNA damage repair

DNA damage is induced by many chemotherapy drugs that
kill cancer cells. The higher DNA damage response (DDR)
to the anti-cancer drugs can reduce the drug efficacy (by
DNA lesion repairs), leading to resistant OSCC [71, 72].
The DDR also affects DNA repair, cell cycle, cell death
control, and senescence. The DNA damage induced by
chemotherapy and ionizing radiation activates/ stabilizes
the p53 pathway/protein. Different protein kinase sensors
like ATM/ATR and other (effector) kinases, such as Chk1/2
and Weel, participate in therapy resistance in OSCC [73].
Mutation/inactivation of the p53 offers therapy resistance in
OSCC [74]. The increased expression/activity of nucleotide
excision repair (NER) genes (ERCC1/2, XPA/C/D), base
excision repair (BER) genes (like APEX1, XRCC1), the
(DSB) double-strand breaks repair genes (MRE11A,
RAD50/51, XRCC2), and (MMR) mismatch repair genes
(MLH1, MSH2/3) were associated with OSCC resistance
[20, 75-77]. The proteins that guard DNA replications/
repair (BRCA1/2, LIG1, DNA2, POLD1, MCM2, and
RAD54B) offer DNA stability (ATR/CHKZ1), homologous
recombination (Rad51, CDK1/Chkl), and DNA
safeguarding (PARP), causing therapy resistance OSCC
[38, 78-80].

2.5 Epigenetic alterations

Epigenetic alterations play a role in eukaryotic gene
regulation and therapy resistance in OSCC. Epigenetic
changes like the remodeling of chromatin, histone
modifications, DNA methylations, and non-coding RNA
alterations contribute to the regulation of CSC features,
drug efflux, DNA repair, apoptosis failure, and treatment
resistance in OSCC [81]. Induced DNA methylation has
been observed in therapy-resistant OSCC, HNSCC
specimens, and cells [82]. The radiation (OSCC) resistant
rSCC-61 cells showed increased DNA methylation over the
radiation-sensitive counterpart [83]. Conversely, ten-eleven
translocation 1 (TET1) regulates 06-methylguanine-DNA
methyltransferase (MGMT) in chemotherapy resistance
OSCC [84]. DNA methylation of DPD (dihydro pyrimidine
dehydrogenase) has been reported in the 5-FU resistance of
OSCC [85]. ALDH1 (Aldehyde dehydrogenase-1) and PD-
L1 promote therapy resistance in OSCC, and the treatment
of DNA hypomethylating agents reverses this condition

[86].

Recently, histone acetylation [87], epigenetic alterations
[82], chromatin remodeling [82], and the non-coding RNAs
(IncRNAs) participate in epigenetic alterations and
resistance to therapy in OSCC [82]. Targeting epigenetic
pathways reduced ZSCAN4 (Zinc finger and SCAN
domain containing 4) and reduced stemness/ therapy
resistance [88]. Several microRNAs (miRNAS) play a role
in the DR of OSCC [89, 90]. Many miRNAs were identified
in developing cisplatin resistance in OSCC [65]. The miR-
30a promotes 5-FU-resistant [91], miR-29a-3p enhances
radioresistance [92], miR-224-5p promotes docetaxel
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resistance [93], and miR-155/ miR-619-5p/ miR-30a
promotes cisplatin resistance [94-96], and miR-371/-372/-
373/-1246 enhances the therapy resistance [97-99] of
OSCC. The IncRNAs like LHFPL3-AS1 and IncRNA
PVT1 were involved in oral cancer development and
cisplatin resistance [89, 100, 101]. Further, Incp23154
[101], IncRNA (HOXA11-AS), and IncRNA ANRIL also
regulate the cisplatin resistance of OSCC [102, 103]. All
this evidence suggests that both miRNA and IncRNA
contribute to the therapy resistance of oral cancer.

2.6 Foul tumor microenvironment

Tumors contain different types of cells and extracellular
(ECM) matrix. The TME includes physical, chemical (the
acidic/ hypoxic environment), and biological environment
(ECM components, fibroblast, blood cells/ vessels, immune
and inflammatory cells, nutrients/ GFs, and signaling
molecules) to resist anti-cancer treatment. The acidic (pH
6.5-7.1) extracellular TME contributes (‘ion trapping’ of
weak base anti-cancer drugs at extracellular TME), causing
the therapy resistance. Therapeutic approaches to reducing
acidic TME with PPIs (proton pump inhibitors) overcome
treatment resistance [104, 105], including OSCC [106,
107]. The inhibition of V-ATPase was effective against
multidrug resistance in OSCC [108-110), esophageal
carcinoma [111], and oral epidermoid carcinoma [112,
113].

A hypoxic TME triggers hypoxia-inducible factors (HIFs)
that promote chemoradiation resistance in OSCC [114].
Post-treatment changes in TME contribute to the success of
chemotherapy in OSCC, and TAM (tumor-associated
macrophase)-targeted therapy [115-117]. Targeting toll-
like receptor-3 in OSCC decreased TAM and sensitized
cisplatin resistance, causing tumor regression [118, 119].
Over secretion of CSF1 (colony-stimulating factor-1) by
macrophages promotes aggressiveness [120-123], while
blocking CSF1 overcomes OSCC therapy resistance [124].
Many other growth factors induce EGFR-TKISs resistance in
OSCC [125-128].

TME heterogeneity also contributes to therapy resistance.
The variations of TME vasculature inside tumors change
the hypoxia level. This leads to fluctuations in O2 levels
causing oxidative stress-mediated DNA damage, genetic
instability, clonal subpopulations, and back therapy
resistance. TAMs of the TME release miRNA-containing
exosomes, which add to OSCC DR [129]. The other TME
molecules include H*-ion pumps, anti-apoptotic, DNA
damage repair, immunomodulatory, and EMT molecules
that contribute DR to OSCC [96, 99, 129, 130]. Thus, the
TME plays an influential role in the therapeutic resistance
of OSCC.

2.7 General senescence escape

Senescence is an irreversible process of life. The cells
gradually lose active cell division/ repair over time.
Senescence cells activate tumor-suppressor p53 and

pl6INK4a molecules and pathways [131]. Many OSCC
drugs trigger DNA damage/ breakage, oncogenic signaling,
and telomere shortening [132]; hence aging becomes faster
in cancer patients. Escape from therapy-induced senescence
was known for tumor recurrence, CSCs, and therapy
resistance [133]. The inhibitors of telomerase enzyme had
sensitized the OSCCs with short telomeres to radiotherapy
[134]. Resistance to radiotherapy was higher in the OSCC
cells with a higher anaphase bridge index [134]. Sustained
inhibition of PARP-1 affected therapy resistance in OSCC
cells [133, 135]. p62-overexpressed cells showed increased
senescence and autophagy in HNSCC [136]. The senescent
cells observed with augmented Cdc2/Cdk1 activity promote
survivin expression. Survivin inhibits apoptosis following
chemotherapy and causes therapy resistance in OSCC [137-
139]. Thus, the senescence escape contributes to therapy
resistance in OSCC.

2.8 Heterogeneity of tumor

The oral tumor comprises a heterogeneous population of
cells [140]. Types of heterogeneity include genetic,
epigenetic, cell type [cancer cells, stromal cells, immune
cells, etc.), metabolic (distribution of oxygen, nutrient,
etc.), and temporal heterogeneity reported in dynamic
tumor progression [141]. Oral tumor heterogeneity is a
threat to treatment success [142]. After initial treatment, the
clonal variants show different sensitivity levels to a
particular targeted therapy. The new subpopulations evolve
similarly to Darwinian selection with additional drug
selection pressure. The drug-resistant tumor cells, with
more heterogeneity, behave like CSCs [143]. Recently,
multiple CD44 variants have added to heterogeneity,
causing DR in OSCC [11, 144]. The heterogeneous tumor
cells and surrounding TAF/TAM exchange exosomes,
transfer miRNAs/circRNA/IncRNA, and induce DR [145,
146]. Heterogeneity increasing varying hypoxia and
nutrition [147] have been associated with DR in OSCC.
Finally, the OSCC heterogeneity support therapy failure.

2.9 Induction of EMT

EMT is a process when an epithelial cell progressively
acquires a mesenchymal cell feature. These transformed
cells acquire invasive, metastatic properties and are
common to OSCC. The EMT and CSC share overlapping
features. The DR oral cancer cells behave like oral CSC
(OCSC) by activating the EMT program [11, 12]. Higher
EGFR (epidermal growth factor receptor) signaling can
back EMT, and therapy resistance in OSCC [148, 149].
Many EMT-targeting drugs contribute to therapeutic
efficacy [150]. Further, the fibroblast growth factor-8 (i.e.,
FGF8), IncRNA MALAT1, miRs (miR-1252-5p/miR-
3148, and miR-429) regulate EMT and DR in OSCC
patients [151-154]. The therapy resistance and EMT-linked
molecules (TGF-B, Wnt, and Snail/ Slug) are upregulated in
resistant OSCC cells [62, 155-158]. Various EMT-linked
TFs [159], like B-catenin, Snail, Slug, Twist, ZEB, and SRY
box 4 [SOX4) [16, 65, 155, 160-164] persuade DR to
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OSCC. The three Snail family members are Snail1/2/3 (or
Snail, Slug, and Smuc) [155, 165], Twist [166-168],
ZEB1/2 [169-171], p53 homolog p63 (ANp63) [172, 173]
are involved in EMT, and DR in OSCC. The embryonic
stem cells TFs Oct4, Sox2, and Nanog promote EMT and
DR in OSCC [12, 174-178]. The miRNAs participate in
EMT, and cancer DR [179-181]. miR-30a, miR-224-5p,
miR-155, miRNA-619-5p, miR-371/372/372, miR-31-5p
participate in different EMT and DR in OSCC [91, 93-97,
182]. Similarly, the miR-149-5p, miR-214-3p, and miR-
1246 mediate chemoresistance [98, 102, 183, 184], whereas
the miR-340-5p (of hypoxic tumor cell) offers radio-
resistance [185], and miR-30a confers cisplatin-resistance
in OSCC [96, 99]. Higher basal intracellular ATP [186,
187] and lactate dehydrogenase-A (LDH-A) [47, 188-190]
promote EMT and offer DR. Hence understanding
EMT/CSC can boost future anti-DR OSCC therapeutics.

2.10 Jigsaw extracellular vesicles/ microsomes

The extracellular (EVs) vesicles carry bio-signals (protein,
nucleic acid, and lipids) that are utilized for cell-to-cell
communication [191]. These lipid-bilayer-enclosed EVs
are released naturally, contain biomolecular cargo,
participate in intercellular communications, and endorse
DR [192]. EVs can be exosomes (30-100 nm),
microvesicles (100-1,000 nm), and oncosomes (1-10 um)
[129]. Recently, the DR mechanisms of exosomes and
microvesicles were reviewed in OSCC [129]. These EVs
carry miRNAs that promote therapy resistance [193]. The
chemo-sensitive OSCC cells develop DR once they contact
the exosomes released from DR cells [194]. EVs carry
mMiRNAs (miR-338-3p-LIN28B, miR-196a, and miR-30a,
like miR-21, miR-21-5p) causing cisplatin-resistance [13,
96, 195, 196], radio-resistance (miR-340-5p) [185] in
OSCC. Further, the EVs released by CSC activate signal
transduction (B-catenin, PI3K, Stat3, mTOR, TGF, and
CAF) pathways of OSCC [146].

Exosomes released from DR tumor cells transform the
sensitive tumor cells into DR [197]. Cisplatin levels can
recruit copper efflux (ATP7A/B via ILV) transporters at the
cell membrane [198], which offers DR in OSCC [198, 199].
The V-ATPases, expressed at a higher level in OSCC,
change in/extracellular pH and participate in DR [108, 110,
200], and their inhibitors sensitize the DR OSCC cells
[201]. Hence, vesicular acidification is a survival strategy
for OSCC cells [201]. The extracellular pH of oral tumors
is lower than in normal tissue [110] and supports DR in oral
cancer [202]. Exosomes favor anti-apoptosis and support
DR in OSCC [13, 15]. The release of caspase-3 [203, 204],
the exosomes derived CAF [196], CAF-CM [196], and
various miRNAs [13, 96] from EV confer chemoresistance
in OSCC.

Tumor-derived exosomes interfere with the DNA repair
pathways, causing DR. Many cancer drugs, including
cisplatin, can form DSBs (DNA double-stranded breaks)
[205, 206]. These DNA lesions get repaired via NER

Phyto-optimism for therapy-resistant OSCC

(nucleotide excision repair) pathway [206] or BER pathway
(base excision repair) in OSCC [207, 208] released by the
exosomes [209]. The exosomes carrying DNA repair
enzymes promote chemoresistance [209] and radio-
resistance in OSCC [210]. The immunomodulatory effects
of EV (from monocytes/macrophages) advanced DR in
OSCC [211, 212]. DNA synthesis interfering drug
(cisplatin and doxorubicin) prevents the dividing of
immune cells and weakens the patient’s anti-tumor
immunity. These exosomes carry miRNAs and regulate
innate, adaptive immune responses in OSCC [13, 211, 212].
Immunomodulation by exosomes is critical for DR in
OSCC [114, 213-215]. Exosomes confer DR in OSCC
[216] and offer future solutions.

3. Strategies for fighting against therapy resistance
osccC

Therapeutic strategies to treat DR oral tumors need to be
amended. Continuous failure in tackling DR OSCC
suggests that the ongoing system to deal with resistant or
recurrent tumors is erroneous. Using a single chemo-drug
or targeting one pathway is not sufficient. Inventions of
novel drugs take lots of time and energy. ldentifying its
application in mouth cancer clinical trials is more tedious.
And finally, when the drug is implemented, it Kills only the
sensitive oral cancer cells. But the resistant minor
population of malignant cells survives and proliferates to
form a recurrent tumor [11, 12, 15]. Most chemo
drugs/radiation therapies are toxic to healthy cells or
destabilize the genome. The tumor cells develop efficient
DNA repair mechanisms to avoid cell death. Hence
searching and fighting against therapy resistance looks like
a never-ending game.

The heterogeneity and complexity of OSCC, are
extraordinarily high. Identifying each molecule/player and
finding a strategy to combat DR appears extremely difficult.
The lessons learned from these steps suggest that
combinational therapies with multiple low-concentration
drugs are wise choices. On the other hand, plant-based
natural compounds can also open other options and provide
a permanent solution. The ancient system of Indian
medicine, or “OUSADHEYA”, is based mainly on these
plants or “VANASPATI”. These were written in Ayurvedic
texts, “Atharva Veda”, and different Sambhitas (like “Charak
Sambhita”, “Sushruta Samhita”, and “Vagbhata Samhita”
[217, 218], could be tried to win over DR OSCC.

4. Natural compounds against drug-resistance OSCC

The plant-based natural compounds have been used for
curing diseases for ages. Though single compound/s are
widely used in research, crude extracts are more balanced.
The synergistic effects of different compounds present in
several plant extracts can regulate other enzymes,
transporters, and signaling pathways. It can overcome DR,
enhance pharmacological potency through drug-drug
interaction, and improve bioavailability [219]. These whole
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extracts of root, stem, and leaf are stable, and plants co-
evolve with humans. Using the extracts/ formulations of
different plants and animals will be wise to tackle DR
OSCC. Here some critical observations of the various crude
extract have been summarized in table 1. More research is
needed to wisely use these for treating DR OSCC.

properties.

Table 1: Plant extracts and their successful application in drug-resistant oral cancer.

Besides the crude extracts, some natural/ natural-derived
compounds have less toxic side effects than many cancer
chemotherapy drugs. Plants produce secondary metabolites
that have been well-recognized for their anti-cancer
These naturally occurring compounds are
manufactured in nature’s laboratory and are mostly non-

SINo | Plant extract Effect on oral cancer and drug-resistant oral cancer References
1 Azadirachta indica A. The extract contains limonoids nimbolide, azadirachtin, and neem | [220, 221]
Juss extract leaf glycoprotein. It has anti-tumor and DR properties against
0OSCC
2 Areca nut extract Though chewing areca nut (AN) triggers OSCC, AN extract (ANE) | [222
decreases cisplatin toxicity by inducing autophagy
3 Bitter melon (BM) It inhibits the metabolism of lipids and glucose. Induces ER/ | [223
extract oxidative stress causing apoptosis in OSCC
4 BMEVs Extracellular vesicles derived from BM (BMEVSs) decrease the | [224]
5FU resistance of OSCC
5 Centella asiatica extract | Found to have anti-cancer activity in cisplatin-resistant HNSCC [225]
(with Asiatic acid)
6 Celastrol (a pentacyclic | Celastrol (Chinese herbal medicine Trypterygium wilfordii) was | [226
triterpenoid) treatment found helpful in treating MDR oral cancers
7 Danshen extract Danshen extract identified be a potential anti-cancer agent in DR | [227]
oral cancer treatment
8 Eruca vesicaria extract | Its intake affects ABC transporters in liver cells. This could be | [228
beneficial in DR OSCC.
9 Glycyrrhiza glabra It contains secondary metabolites. It is used in foods, cosmetics, | [229
(Liquorice extract) and medicines (anti-ulcerative, anti-carcinogenic, anti-microbial,
and anti-DR in OSCC)
10 Juniperus indica extract | The extract synergizes with cisplatin to halt cell cycle progression | [230
and caspase activation
11 Mangosteen pericarp Shown cytotoxic effects on oral cancer [231
extracts
12 Ocimum sanctum extract | Reported causing a cytotoxic effect in oral and HNSCC. Inhibited | [232]
MMP2/9 activity and can be used against DR OSCC
13 Polygonum cuspidatum Induces apoptosis and autophagy in cisplatin-resistant human | [233
extract 0OSCC
14 Plumbago zeylanica Effective against DR tongue SCC [234]
L. (Plumbagin) extract
15 Red Ginseng extract (a Inhibits Pgp-mediated drug efflux and sensitizes chemotherapy | [235]
Korean herbal medicine) | resistance OSCC cells
16 Scutellariae radix (a Acts against chemoresistant human tongue SCC and promotes | [236
Chinese herbal apoptosis
medicine)
17 Solanum nigrum ripen The unripe fruit is a chemo-sensitizing agent against Adriamycin- | [237]
fruit extract resistant cancers and downregulates JAK1, p/Stat3, and Mdrl. It
shows anti-tumor properties.
18 Vernonia cinerea Less It inhibits multidrug resistance transporter in epithelial cancer | [238
(VC) extract cells.
19 Vaccinium Reserved the OSCC growth acted against PI3K/Akt, TGF-B, and | [239
corymbosum L. extract NF-xB pathways.
20 V. macrocarpon Upregulated the apoptosis, p53, and c-myc level in OSCC [240
(cranberry) extract
21 Withania somnifera It has anti-inflammatory properties (Ayurveda practice) and is also | [241, 242]
extract effective in treating DR cancers. Known for immune-modulatory
and MDR and can reverse chemotherapy-induced effects.
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toxic to normal cells. These molecules are hard to design in
a chemical laboratory, maintaining their specificity only for
cancer cells. Natural compounds are highly demanded
(WHO) in cancer treatment. These phytochemicals
generally inhibit/disrupt methyltransferases, histone
deacetylases, antioxidants, DNA damage, and mitosis
promoters. Recently, these plant compounds with anti-DR
oral cancer properties have been identified. These largely
comprise brassinosteroids, polyphenols, and taxols.
Polyphenolic compounds comprise curcumin, flavonoids,
gallocatechin, resveratrol, and tannins. The different
polyphenolic compound inhibits stemness [243] and drug
transporter (ABCG2) in OSCC [244]. Many of them were
used against OSCC to eliminate MDR cells [245], cisplatin-
resistant [246], and oral CSC populations [247, 248]. The
modifications of this nanotechnology cisplatin-resistant
OSCC [249, 250]. Some other was useful against cetuximab
resistance in HNSCC [251].

Similarly, the flavonoids have also shown DR properties
and were more effective against OCSCs than normal cells
[61]. Some flavonoids also inhibited cell growth and
invasion/migration [252] and suppressed the formation of
the DR sphere [63], down-regulated stemness signature/
self-renewal, and chemoresistance [253] in OSCC/HNSCC.
The flavonoids sensitized HNSCC cells to cisplatin [254]
and promoted anti-tongue tumor activity [255, 256].

In contrast, Brassinosteroids are steroid plant hormones and
have anti-cancer properties in hormone-sensitive (breast
and prostate) cancers [257, 258]. Recently the role of the
female hormone on HNSCC [259], expression of ER-alpha
in OSCC [260-262], and androgen/progesterone receptors
with poor prognosis of OSCC [263] have been reported.
Hence, Brassinosteroids could be effective against DR
OSCC but needs investigation. Here some essential phyto-
compounds and their effect on DR OSCC have been
summarized in table 2.

Table 2: List of selected phytochemicals and their success story in drug-resistant oral cancer
SI No | Phytochemicalls Effect on Oral Cancer References
A Reduce CSC marker expression in HNSCC cells under hypoxia.
! Apigenin Cetuximab-resistant HNSCC cells (with EMT) responded to apigenin [264, 26]
treatment
: ; The role of the female hormone ER-alpha androgen and progesterone | [257-259, 260-
2 Brassinosteroids receptors on DR OSCC was reported to open possibilities for many | 263]
Brassinosteroids compounds.
3 Curcumin Curcumin inhibited OSCC tumorigenesis, including DR. Curcumin | [250, 266]
nanoparticles triggered apoptosis in CR-OSCC.
4 Doxorubicin Treated as chemotherapy, electrical impulse chemotherapy (EIC) | [255, 267-269]
against and found effective in chemotherapy resistance OSCC. Nano
micelles carrying Doxorubicin eliminate multidrug resistance (MDR)
cells in OSCC.
5 Epigallocatechin EGCG inhibits drug transporter ABCG2 in OSCC. EGCG also | [244-247]
gallate (EGCG) sensitized MDR OSCC cells and cisplatin-resistant OSCC cells and
eliminated OCSC.
6 Genistein A combination of genistein (protein tyrosine kinase inhibitor), along | [270]
with other anti-cancer agents, had augmented cytotoxic effects in CSC/
drug-resistant OSCC cells
7 Honokiol Honokiol ‘was found_ to overcome cetuximab resistance and | [251, 271]
chemosensitizing effect in OSCC.
Isoliquiritigenin Isoliquiritigenin was more potent against OCSCs than normal cells. [61]
Isothiocyanate Isothiocyanate inhibited cellular proliferation and induced apoptotic | [272]
(mustard oil) pathways in human cisplatin-resistant oral cancer cells.
10 Kaempferol Kaempferol sensitized HNSCC cells to cisplatin drugs [254]
11 Magnolol Magnolol inhibits the stemness property of OSCC [243]
12 Nimbolide Nimbolide was beneficial in eliminating DR OSCC cells. It irradicated | [14, 15]
cisplatin-resistant human OSCC when treated with Bcl-xL/Akt
antagonists.
13 Pterostilbene The pterostilbene inhibited MDR1 expression in OSCC and can be used | [248]
against DR cancer.
14 Podophyllotoxin Eradicate therapy-resistant HNSCC cells [273]
15 Quercetin Quercetin inhibited cell growth, invasion/migration, colony-formation, | [63, 252, 274]
and sphere-forming potential in DR OSCC. The combined effect of
guercetin and cisplatin promotes apoptosis in OSCC.
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16 Resveratrol The resveratrol acts against cisplatin-resistant and Cetuximab-resistant | [249, 275,
OSCC cells. It reduced the invasiveness of cisplatin-resistant OSCC. 276]

17 Silibinin (milk | Silibinin down-regulated the chemoresistant, stemness, and self-renewal | [253]

thistle seeds) in HNSCC.

18 Sulforaphane (SF) | SF phytochemicals from broccoli possessed anti-stemness/DR OSCC | [12, 277]
properties targeting SOX2/0OCT4.

19 Ursolic acid U_rsoli(_: acid_ decreases Akt/BAD signaling and promotes cell death in | [278]
cisplatin-resistant oral cancer cells

20 Vicenin-2 Vicenin-2 (a bioactive compound in O. sanctum) application improved | [279]
antioxidant levels, lipid peroxidation, and pro-inflammatory cytokines
and halted DMBA-induced hamster oral carcinogenesis

Table 3: Commonly affected pathways after treatment with plant-based phytochemicals in drug-resistant oral

cancer cells
Effects of Plant | Cellular pathways/ molecules targeted in drug-resistant oral cancer cells References
Extracts
Antioxidant The plant products have a scavenging effect on free radicals generated by ROS/ RNS. | [280-283]
effects Many enzymes (nitric oxide synthases, xanthine oxidase, peroxidase) involved in the
production of ROS/ RNS are inhibited by plant products. Plant phytochemical/
extract with metals promotes the metal-mediated reduction of peroxides in cancer/
DR cancer.
Effects Plant-based molecules induced cell death in DR cancer cells. The ROS level, post- | [13-15, 277]
on apoptosis translational modification/s, and impaired glycolysis promoted apoptosis via the
activation of p53/Bcl-2/Bax/caspase-3.
Inhibition The oral cancer DR forms a DNA adduct and thus blocks DNA replication causing | [12, 256,
of proliferation | cell cycle arrest. Cisplatin-resistant cells overcome this. Increased nucleotide | 284-287]
excision repair (NER) such as ERCC1, epigenetic changes such as DNA methylation,
and cancer stemness were reported in CR-OSCC. Recently, several plant compounds
promoted cell cycle arrest in DR OSCC cells.
Retards the Plant compounds (PC) suppressed the invasion/metastasis process. Deregulating | [16, 17, 288]
invasion and several EMT-associated molecules (like B-catenin, E-cadherin, fibronectin, and
metastatic vimentin), along with CSC genes, the PC decreases the metastatic potential. PC
reversed EMT through signaling pathways (Akt/GSK3p/Snail and MAPK-ERK) and
reduced the levels/ activity of MMP-9/-2 in DR OSCC.
Epigenetic Phytochemicals can affect chromatin remodeling, DNA methylation, histone [17, 289
effects modifications, and miRNA regulation. Phytochemicals/ PCs also regulate HDACs, | = =
HATSs (histone acetyltransferases), and DNMT1 (DNA methyltransferase-1) in DR | 290]
OSCC cancer cells.
Eradicating Drug resistance and CSCs have overlapping functions. Many CSC genes are | [11-14]
CSCs expressed in DR cells, such as Oct4, Nanog, Sox2, and CD44. Plant-based
phytochemicals reduce stemness, as reported in DR OSCC/ OCSC.

5. Effects of plant-based products on drug-resistant
OSCC cells

Plant-based products/formulations for treating cancer
patients have been used for a long. The anti-cancer effects
of many plant-based extracts/molecules were discussed in
the previous sections (tables 1 and 2) on DR OSCC cells.
All these products act as an antioxidant, triggers apoptosis,
inhibits proliferation, retards invasion/ metastatic, affects
epigenetics, or destroy CSCs, and can eradicate DR OSCC
cells. These agents affect several pathway/s and benefit DR
OSCC, as summarized in table 3.

6. Management of drug-resistance OSCC patients

The DR OSCC showed high heterogeneity, and various
non-/genomic changes make these cells challenging to treat.

Hence it is high time to identify these regulators of DR of
OSCC. Recent advancements in high throughput cancer
genomics, proteomics, and metabolomics have identified
many of these regulators at the individual patient level.

Since the causes of DR causes vary from patient to patient,
personalized treatment strategies can benefit individual
patients [291]. A continuous follow-up of the resistance
tumor and patients’ health is important. The tumors, not the
patients [except metastatic cases), should be treated locally.
A cocktail of low-dose chemotherapeutic/targeted drugs
can target multiple proteins, enzymes, receptors, RNAs
(miRNA, IncRNA, or circRNA), and pathways that
eliminate DR cells. These low-dose and/or fluctuating drug
concentration combinations could benefit OSCC patients.
The highest drug dose was tolerated (adaption and
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Figure 3. Management of drug-resistant OSCC patients. Treatment of DR patients can be improvised. The
personalized drug can be designed based on the high throughput cancer genomics, proteomics, and metabolomics
study at the individual patient level. These targeted drugs aim at numerous proteins, enzymes, receptors, and RNAs
of the DR pathways. The plant-based anti-cancer formulations combining different plant extracts, a patient-specific
formulation/ cocktail of multiple phytochemicals, polyphenol/s, and antioxidant/s, can be used along with a cocktail

of low doses of targeted drugs to kill DR OSCC.

mutations) by cancer cells developing DR. Novel treatment
strategies of high drug dose (DD) followed by low-DD/ no-
DD followed by moderate-DD can bring delayed DR [292].
One of the critical strategies for overcoming DR could be
to block the energy supply of OSCC cells. All living cells,
including tumor cells, need the energy to survive. To
support the actively dividing cell, the energy demand of a
tumor cell is maximum [293]. Healthy cells are more
flexible in selecting their energy source but not the DR-
OSCC. Hence the deprivation of glucose with glucose
transport/ glycolysis enzyme inhibitor/s and cocktail drug
may be effective. In/extra-tumoral ATP is a crucial TME
molecule that impacts OSCC cells for DR [293]. Specific
inhibition of ATP synthesis and degradation of extracellular
ATP can boost DR tumor therapy. Other strategies among
the ten DR-OSCC plans proposed earlier could also be
promising.

Finally, there should be more focus on plant-based anti-
cancer formulations. Often the whole plant extract or a part
of the plant extract (table 1) works better. Thus, either
individual (single) plant extract or a combination of
different plant-based formulations can be tried on DR
OSCC  cells/ patients.  Furthermore, individual
phytochemicals can act and sensitize the DR oral tumor
cells [11, 12, 14, 15, 294, 295]. A cocktail of different

phytochemicals (table. 2) can be formulated and tried with
routine treatment procedures. The efficacy of all these
plant-based treatments can be monitored based on the cell
biomarkers explained in Table 3 and based on the result/s,
treatment amendment can be adopted. All these approaches
can act on multiple pathways (figure 3) and have a higher
chance of eliminating DR OSCC.

7. Conclusion

In conclusion, the recent picture of therapy resistance to
OSCC seems grim. These highly evolved OSCC tumor cells
get unlimited support from their TME and show high levels
of heterogeneity, support each other, and desert almost
every treatment plan. They are adaptive and flexible in
changing their drug target, bioenergy, drug efflux, DNA
repair, epigenetics, TME, senescence, heterogeneity, EMT,
and cell-to-cell communication. These parameters could be
looked at carefully in designing personalized therapy for
OSCC. Hence no generalized synthesized drug treatment
can be very effective in the long run. Instead, the plant-
based formulations seem to be more promising and show
hope. These drugs/ phytochemicals should be improvised
with recent technology [296] to improve their efficacy.
Lastly, understanding the tumor/ patient-specific need to
overcome drug resistance is key to success.

Declarations

Citation: Mishra R (2023). Treatment failure shortcomings, possible causes and upcoming phyto-optimism in oral cancer.
T Appl Biol Chem J; 4(1):4-27. https:/ / doi.org/10.52679/ tabcj.2023.0002



Mishra

Author Contribution: RM carried out the literature search, analyzed the

subject, and wrote and approved the manuscript.

Acknowledgments: RM wishes to acknowledge his family, teachers, and

the Central University of Jharkhand.

Funding: Not applicable

Conflict of Interest: None

Compliance with ethical standards: All publication ethics followed.

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

Sung H, Ferlay J, Siegel RL, Laversanne M,
Soerjomataram 1, Jemal A, et al. (2021). Global
Cancer Statistics 2020: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in
185 countries. CA Cancer J Clin; 71(3):209-49.
[CrossRef] [PubMed]

Blatt S, Kruger M, Ziebart T, Sagheb K, Schiegnitz
E, Goetze E, et al. (2017). Biomarkers in diagnosis
and therapy of oral squamous cell carcinoma: A
review of the literature. J Craniomaxillofac Surg;
45(5):722-30. [CrossRef] [PubMed]

Gharat SA, Momin M, Bhavsar C (2016). Oral
squamous cell carcinoma: Current treatment
strategies and nanotechnology-based approaches
for prevention and therapy. Crit Rev Ther Drug
Carrier Syst; 33(4):363-400. [CrossRef] [PubMed]

Luo J, Solimini NL, Elledge SJ (2009). Principles
of cancer therapy: oncogene and non-oncogene

addiction.  Cell;  136(5):823-37. [CrossRef]
[PubMed]

Lin A, Giuliano CJ, Palladino A, John KM,
Abramowicz C, Yuan ML, et al. (2019). Off-target
toxicity is a common mechanism of action of cancer
drugs undergoing clinical trials. Sci Transl Med;
11(509):eaaw8412. [CrossRef] [PubMed]

da Silva SD, Hier M, Mlynarek A, Kowalski LP,
Alaoui-Jamali MA (2012). Recurrent oral cancer:
current and emerging therapeutic approaches. Front
Pharmacol; 3:149. [CrossRef] [PubMed]

Housman G, Byler S, Heerboth S, Lapinska K,
Longacre M, Snyder N, et al. (2014). Drug
resistance in cancer: an overview. Cancers (Basel);
6(3):1769-92. [CrossRef] [PubMed]

Vasan N, Baselga J, Hyman DM (2019). A view on
drug resistance in cancer. Nature; 575(7782):299-
309. [CrossRef] [PubMed]

Mansoori B, Mohammadi A, Davudian S, Shirjang
S, Baradaran B (2017). The different mechanisms
of cancer drug resistance: A brief review. Adv
Pharm Bull; 7(3):339-48. [CrossRef] [PubMed]

Picon H, Guddati AK (2020). Mechanisms of
resistance in head and neck cancer. Am J Cancer
Res; 10(9):2742-51. [PubMed]

Kashyap T, Pramanik KK, Nath N, Mishra P, Singh
AK, Nagini S, et al. (2018). Crosstalk between Raf-
MEK-ERK and PI3K-Akt-GSK3beta signaling
networks promotes chemoresistance,

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

14

invasion/migration and stemness via expression of
CD44 variants (v4 and v6) in oral cancer. Oral
Oncol; 86:234-43. [CrossRef] [PubMed]

Kashyap T, Nath N, Mishra P, Jha A, Nagini S,
Mishra R (2020). Pluripotency transcription factor
Nanog and its association with overall oral
squamous cell carcinoma progression, cisplatin-
resistance, invasion and stemness acquisition. Head
Neck; 42(11):3282-94. [CrossRef] [PubMed]

Alam M, Kashyap T, Pramanik KK, Singh AK,
Nagini S, Mishra R (2017). The elevated activation
of NFkappaB and AP-1 is correlated with
differential regulation of Bcl-2 and associated with
oral squamous cell carcinoma progression and
resistance. Clin Oral Investig; 21(9):2721-31.
[CrossRef] [PubMed]

Alam M, Kashyap T, Mishra P, Panda AK, Nagini
S, Mishra R (2019). Role and regulation of
proapoptotic Bax in oral squamous cell carcinoma
and drug resistance. Head Neck; 41(1):185-97.
[CrossRef] [PubMed]

Alam M, Mishra R (2021). Bcl-xL expression and
regulation in the progression, recurrence, and
cisplatin resistance of oral cancer. Life Sci;
280:119705. [CrossRef] [PubMed]

Pramanik KK, Nagini S, Singh AK, Mishra P,
Kashyap T, Nath N, et al. (2018). Glycogen
synthase kinase-3beta mediated regulation of
matrix metalloproteinase-9 and its involvement in
oral squamous cell carcinoma progression and
invasion. Cell Oncol (Dordr); 41(1):47-60.
[CrossRef] [PubMed]

Pramanik KK, Singh AK, Alam M, Kashyap T,
Mishra P, Panda AK, et al (2016). Reversion-
inducing cysteine-rich protein with Kazal motifs
and its regulation by glycogen synthase kinase 3
signaling in oral cancer. Tumour Biol;
37(11):15253-64. [CrossRef] [PubMed]

Engelman JA, Settleman J (2008). Acquired
resistance to tyrosine kinase inhibitors during
cancer therapy. Curr Opin Genet Dev; 18(1):73-9.
[CrossRef] [PubMed]

Jiao Q, Bi L, Ren Y, Song S, Wang Q, Wang YS
(2018). Advances in studies of tyrosine kinase
inhibitors and their acquired resistance. Mol
Cancer; 17(1):36. [CrossRef] [PubMed]

Moutafi M, Economopoulou P, Rimm D, Psyrri A
(2021). PARP inhibitors in head and neck cancer:
Molecular mechanisms, preclinical and clinical
data. Oral Oncol; 117:105292. [CrossRef]
[PubMed]

Mok TS, Wu YL, Ahn MJ, Garassino MC, Kim HR,
Ramalingam SS, et al. (2017). Osimertinib or
platinum-pemetrexed in EGFR T790M-positive
lung cancer. N Engl J Med; 376(7):629-40.
[CrossRef] [PubMed]

Citation: Mishra R (2023). Treatment failure shortcomings, possible causes and upcoming phyto-optimism in oral cancer.
T Appl Biol Chem J; 4(1):4-27. https:/ / doi.org/10.52679/ tabcj.2023.0002


https://doi.org/10.3322/caac.21660
https://pubmed.ncbi.nlm.nih.gov/33538338
https://doi.org/10.1016/j.jcms.2017.01.033
https://pubmed.ncbi.nlm.nih.gov/28318929
https://doi.org/10.1615/critrevtherdrugcarriersyst.2016016272
https://pubmed.ncbi.nlm.nih.gov/27910740
https://doi.org/10.1016/j.cell.2009.02.024
https://pubmed.ncbi.nlm.nih.gov/19269363
https://doi.org/10.1126/scitranslmed.aaw8412
https://pubmed.ncbi.nlm.nih.gov/31511426/
https://doi.org/10.3389/fphar.2012.00149
https://pubmed.ncbi.nlm.nih.gov/23060791/
https://doi.org/10.3390/cancers6031769
https://pubmed.ncbi.nlm.nih.gov/25198391
https://doi.org/10.1038/s41586-019-1730-1
https://pubmed.ncbi.nlm.nih.gov/31723286/
https://doi.org/10.15171/apb.2017.041
https://pubmed.ncbi.nlm.nih.gov/29071215
https://pubmed.ncbi.nlm.nih.gov/33042614
https://doi.org/10.1016/j.oraloncology.2018.09.028
https://pubmed.ncbi.nlm.nih.gov/30409306/
https://doi.org/10.1002/hed.26373
https://pubmed.ncbi.nlm.nih.gov/32710593/
https://doi.org/10.1007/s00784-017-2074-6
https://pubmed.ncbi.nlm.nih.gov/28233171/
https://doi.org/10.1002/hed.25471
https://pubmed.ncbi.nlm.nih.gov/30549344/
https://doi.org/10.1016/j.lfs.2021.119705
https://pubmed.ncbi.nlm.nih.gov/34111459/
https://doi.org/10.1007/s13402-017-0358-0
https://pubmed.ncbi.nlm.nih.gov/29134466/
https://doi.org/10.1007/s13277-016-5362-x
https://pubmed.ncbi.nlm.nih.gov/27696293/
https://doi.org/10.1016/j.gde.2008.01.004
https://pubmed.ncbi.nlm.nih.gov/18325754/
file:///G:/My%20Drive/TABCJ%20Publication/1-Manuscript/3-Final/TABCJ-2023-00002/%5d%20https:/doi.org/10.1186/s12943-018-0801-5
https://pubmed.ncbi.nlm.nih.gov/29455664/
https://doi.org/10.1016/j.oraloncology.2021.105292
https://pubmed.ncbi.nlm.nih.gov/33862558/
https://doi.org/10.1056/nejmoa1612674
https://pubmed.ncbi.nlm.nih.gov/27959700/

15

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Pao W, Miller VA, Politi KA, et al. (2005).
Acquired resistance of lung adenocarcinomas to
gefitinib or erlotinib is associated with a second
mutation in the EGFR kinase domain. PLoS Med;
2(3):e73. [CrossRef] [PubMed]

Piotrowska Z, Isozaki H, et al. (2018). Landscape of
acquired resistance to osimertinib in EGFR-mutant
NSCLC and clinical validation of combined EGFR
and RET Inhibition with osimertinib and BLU-667
for acquired RET fusion. Cancer Discov;
8(12):1529-39. [CrossRef] [PubMed]

Schoenfeld AJ, Chan JM, Kubota D, Sato H, Rizvi
H, Daneshbod Y, et al. (2020). Tumor analyses
reveal squamous transformation and off-target
alterations as early resistance mechanisms to first-
line osimertinib in EGFR-mutant lung cancer. Clin
Cancer Res; 26(11):2654-63. [CrossRef] [PubMed]

Hoemberger M, Pitsawong W, Kern D (2020).
Cumulative mechanism of several major imatinib-
resistant mutations in Abl kinase. Proc Natl Acad
Sci USA; 117(32):19221-27. [CrossRef] [PubMed]

Dos Santos LV, Abrahao CM, William WN, Jr
(2021). Overcoming resistance to immune
checkpoint inhibitors in head and neck squamous
cell carcinomas. Front Oncol; 11:596290.
[CrossRef] [PubMed]

Schoenfeld AJ, Hellmann MD (2020). Acquired
resistance to immune checkpoint inhibitors. Cancer
Cell; 37(4):443-55. [CrossRef] [PubMed]

Madera M, Amador LT, Acosta CL (2021).
Therapeutic options in unresectable oral squamous
cell carcinoma: A systematic review. Cancer
Manag Res; 13:6705-19. [CrossRef] [PubMed]

Ortiz-Cuaran S, Bouaoud J, Karabajakian A,
Fayette J, Saintigny P (2021). Precision medicine
approaches to overcome resistance to therapy in
head and neck cancers. Front Oncol; 11:614332.

[CrossRef] [PubMed]

Huang SH, O'Sullivan B (2013). Oral cancer:
Current role of radiotherapy and chemotherapy.
Med Oral Patol Oral Cir Bucal; 18(2):233-40.

[CrossRef] [PubMed]

Alsahafi E, Begg K, Amelio I, Raulf N, et al.
(2019). Clinical update on head and neck cancer:
molecular biology and ongoing challenges. Cell
Death Dis; 10(8):540. [CrossRef] [PubMed]

Wu HT, Chen WT, Li GW, Shen JX, Ye QQ, Zhang
ML, et al. (2019). Analysis of the differentially
expressed genes induced by cisplatin resistance in
oral squamous cell carcinomas and their interaction.
Front Genet; 10:1328. [CrossRef]  [PubMed]

Gong W, Xiao Y, Wei Z, et al. (2017). Toward the
use of precision medicine for the treatment of head
and neck squamous cell carcinoma. Oncotarget;
8(2):2141-52. [CrossRef]  [PubMed]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

Phyto-optimism for therapy-resistant OSCC

Robert BM, Dakshinamoorthy M, al. (2018).
Predicting tumor sensitivity to chemotherapeutic
drugs in oral squamous cell carcinoma patients. Sci
Rep; 8(1):15545. [CrossRef]

Castanheiro RA, Pinto MM, Silva AM, Cravo SM,

Gales L, Damas AM, et al. (2007).
Dihydroxyxanthones  prenylated  derivatives:
synthesis, structure elucidation, and growth

inhibitory activity on human tumor cell lines with
improvement of selectivity for MCF-7. Bioorg Med
Chem; 15(18):6080-8. [CrossRef]  [PubMed]

Leao M, Pereira C, Bisio A, Ciribilli Y, Paiva AM,
Machado N, et al. (2013). Discovery of a new small-
molecule inhibitor of p53-MDM2 interaction using
a yeast-based approach. Biochem Pharmacol;
85(9):1234-45. [CrossRef] [PubMed]

Aziz MH, Shen H, Maki CG (2011). Acquisition of
p53 mutations in response to the non-genotoxic p53
activator Nutlin-3. Oncogene; 30(46):4678-86.
[CrossRef] [PubMed]

Schulz D, Wirth M, Piontek G, Buchberger AM,
Schlegel J, Reiter R, et al. (2016). HNSCC cells
resistant to EGFR pathway inhibitors are
hypermutated and sensitive to DNA damaging
substances. Am J Cancer Res; 6(9):1963-75.

[PubMed]

Vazquez A, Bond EE, Levine AJ, Bond GL (2008).
The genetics of the p53 pathway, apoptosis and
cancer therapy. Nat Rev Drug Discov; 7(12):979-
87. [CrossRef] [PubMed]

Yamazaki Y, Chiba I, Hirai A, Sugiura C, Notani
K, Kashiwazaki H, et al. (2003). Specific p53
mutations predict poor prognosis in oral squamous
cell carcinoma. Oral Oncol; 39(2):163-9.
[CrossRef] [PubMed]

Lin C, Ren Z, Yang X, Yang R, Chen Y, Liu Z, et
al. (2020). Nerve growth factor (NGF)-TrkA axis in
head and neck squamous cell carcinoma triggers
EMT and confers resistance to the EGFR inhibitor
erlotinib. Cancer Lett; 472:81-96. [CrossRef]

[PubMed]

Lee HM, Kelly GM, Zainal NS, Yee PS, Fadlullah
MZH, Lee BKB, et al. (2019). The 4717C > G
polymorphism in periplakin modulates sensitivity
to EGFR inhibitors. Sci Rep; 9(1):2357. [CrossRef]

Nagalakshmi K, Jamil K, Pingali U, Reddy MV,
Attili SS (2014). Epidermal growth factor receptor
(EGFR) mutations as biomarker for head and neck
squamous cell carcinomas (HNSCC). Biomarkers;
19(3):198-206. [CrossRef] [PubMed]

Vatte C, Al Amri AM, Cyrus C, Chathoth S,
Acharya S, Hashim TM, et al. (2017). Tyrosine
kinase domain mutations of EGFR gene in head and
neck squamous cell carcinoma. Onco Targets Ther;
10:1527-33. [CrossRef] [PubMed]

Citation: Mishra R (2023). Treatment failure shortcomings, possible causes and upcoming phyto-optimism in oral cancer.
T Appl Biol Chem J; 4(1):4-27. https:/ / doi.org/10.52679/ tabcj.2023.0002


https://doi.org/10.1371/journal.pmed.0020073
https://pubmed.ncbi.nlm.nih.gov/15737014/
https://doi.org/10.1158/2159-8290.cd-18-1022
https://pubmed.ncbi.nlm.nih.gov/30257958/
https://doi.org/10.1158/1078-0432.ccr-19-3563
https://pubmed.ncbi.nlm.nih.gov/31911548/
https://doi.org/10.1073/pnas.1919221117
https://pubmed.ncbi.nlm.nih.gov/32719139/
https://doi.org/10.3389/fonc.2021.596290
https://pubmed.ncbi.nlm.nih.gov/33747915/
https://doi.org/10.1016/j.ccell.2020.03.017
https://pubmed.ncbi.nlm.nih.gov/32289269/
https://doi.org/10.2147/cmar.s283204
https://pubmed.ncbi.nlm.nih.gov/34471384/
https://doi.org/10.3389/fonc.2021.614332
https://pubmed.ncbi.nlm.nih.gov/33718169/
https://doi.org/10.4317/medoral.18772
https://pubmed.ncbi.nlm.nih.gov/23385513
https://doi.org/10.1038/s41419-019-1769-9
https://pubmed.ncbi.nlm.nih.gov/31308358/
https://doi.org/10.3389/fgene.2019.01328
https://pubmed.ncbi.nlm.nih.gov/32038705
https://doi.org/10.18632/oncotarget.13798
https://pubmed.ncbi.nlm.nih.gov/27924064
https://doi.org/10.1038/s41598-018-33998-4
https://doi.org/10.1016/j.bmc.2007.06.037
https://pubmed.ncbi.nlm.nih.gov/17614292/
https://doi.org/10.1016/j.bcp.2013.01.032
https://pubmed.ncbi.nlm.nih.gov/23428467/
https://doi.org/10.1038/onc.2011.185
https://pubmed.ncbi.nlm.nih.gov/21643018/
https://pubmed.ncbi.nlm.nih.gov/27725902
https://doi.org/10.1038/nrd2656
https://pubmed.ncbi.nlm.nih.gov/19043449/
https://doi.org/10.1016/s1368-8375(02)00064-7
https://pubmed.ncbi.nlm.nih.gov/12509970/
https://doi.org/10.1016/j.canlet.2019.12.015
https://pubmed.ncbi.nlm.nih.gov/31838083/
https://doi.org/10.1038/s41598-019-38742-0
https://doi.org/10.3109/1354750x.2014.895852
https://pubmed.ncbi.nlm.nih.gov/24712396/
https://doi.org/10.2147/OTT.S132187
https://pubmed.ncbi.nlm.nih.gov/28352186

Mishra

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

Moy JD, Moskovitz JM, Ferris RL (2017).
Biological mechanisms of immune escape and
implications for immunotherapy in head and neck
squamous cell carcinoma. Eur J Cancer; 76:152-66.

[CrossRef] [PubMed]

Pathak R, Pharaon RR, Mohanty A, Villaflor VM,
Salgia R, Massarelli E (2020). Acquired resistance
to PD-1/PD-L1 blockade in lung cancer:
Mechanisms and patterns of failure. Cancers
(Basel); 12(12):3851. [CrossRef] [PubMed]

Di Virgilio F, Sarti AC, Falzoni S, De Marchi E,
Adinolfi E (2018). Extracellular ATP and P2
purinergic signalling in the tumour
microenvironment. Nat Rev Cancer; 18(10):601-
18. [CrossRef] [PubMed]

Lu H, Li X, Luo Z, Liu J, Fan Z (2013). Cetuximab
reverses the Warburg effect by inhibiting HIF-1-
regulated LDH-A. Mol Cancer Ther; 12(10):2187-
99. [CrossRef] [PubMed]

Li X, Lu Y, Lu H, Luo J, Hong Y, Fan Z (2015).
AMPK-mediated energy  homeostasis  and
associated metabolic effects on cancer cell response
and resistance to cetuximab. Oncotarget;
6(13):11507-18. [CrossRef] [PubMed]

Burnstock G (2017). Purinergic
Therapeutic developments. Front
8:661. [CrossRef] [PubMed]

Arnaud-Sampaio VF, Rabelo ILA, Ulrich H, Lameu
C (2020). The P2X7 receptor in the maintenance of
cancer stem cells, chemoresistance and metastasis.
Stem Cell Rev Rep; 16(2):288-300. [CrossRef]

[PubMed]

Shishido K, Kuroishi T, Sugawara S (2021). P2
purinergic receptor signaling and interleukin-1
synergistically induce interleukin-6 production in a
human oral squamous carcinoma cell line. J Oral
Biosci; 63(1):80-90. [CrossRef] [PubMed]

Woods LT, Jasmer KJ, Munoz Forti K, Shanbhag
VC, Camden JM, Erb L, et al. (2020). P2Y2
receptors mediate nucleotide-induced EGFR
phosphorylation and stimulate proliferation and
tumorigenesis of head and neck squamous cell
carcinoma cell lines. Oral Oncol; 109:104808.

[CrossRef] [PubMed]
Bae JY, Lee SW, Shin YH, Lee JH, Jahng JW, Park

K (2017). P2X7 receptor and NLRP3
inflammasome activation in head and neck cancer.

signalling:
Pharmacol;

Oncotarget; 8(30):48972-82. [CrossRef]
[PubMed]

Chandrashekaran V, Das S, Seth RK, Dattaroy D,
Alhasson F, Michelotti G, et al. (2016). Purinergic
receptor X7 mediates leptin induced GLUT4
function in stellate cells in nonalcoholic
steatohepatitis. Biochim Biophys Acta; 1862(1):32-
45. [CrossRef] [PubMed]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

16

Mandapathil M, Boduc M, Roessler M, Guldner C,
Walliczek-Dworschak U, Mandic R (2018).
Ectonucleotidase CD39 expression in regional

metastases in head and neck cancer. Acta
Otolaryngol; 138(4):428-32. [CrossRef]
[PubMed]

Grassi F, De Ponte Conti B (2021). The P2X7
receptor in tumor immunity. Front Cell Dev Biol;
9:694831. [CrossRef] [PubMed]

Kamai T, Kijima T, Tsuzuki T, Nukui A, Abe H,
Arai K, et al. (2021). Increased expression of
adenosine 2A receptors in metastatic renal cell
carcinoma is associated with poorer response to
anti-vascular endothelial growth factor agents and
anti-PD-1/Anti-CTLA4 antibodies and shorter
survival. Cancer Immunol Immunother;
70(7):2009-21. [CrossRef] [PubMed]

Dvorak P, Pesta M, Soucek P (2017). ABC gene
expression profiles have clinical importance and
possibly form a new hallmark of cancer. Tumour
Biol;  39(5):1010428317699800. [CrossRef]

[PubMed]

Lu X, Wang Z, Huang H, Wang H (2020).
Hedgehog signaling promotes multidrug resistance
by regulation of ABC transporters in oral squamous
cell carcinoma. J Oral Pathol Med; 49(9):897-906.
[CrossRef] [PubMed]

Hu FW, Yu CC, Hsieh PL, Liao YW, Lu MY, Chu
PM (2017). Targeting oral cancer stemness and
chemoresistance by isoliquiritigenin-mediated
GRP78 regulation. Oncotarget; 8(55):93912-23.
[CrossRef] [PubMed]

Choi HS, Kim YK, Yun PY (2019). Upregulation
of MDR- and EMT-related molecules in cisplatin-
resistant human oral squamous cell carcinoma cell
lines. Int J Mol Sci; 20(12):3034. [CrossRef]

[PubMed]

Chen SF, Nieh S, Jao SW, Liu CL, Wu CH, Chang
YC, et al. (2012). Quercetin suppresses drug-
resistant spheres via the p38 MAPK-Hsp27
apoptotic pathway in oral cancer cells. PLoS One;
7(11):e49275. [CrossRef]  [PubMed]

Naik PP, Mukhopadhyay S, Panda PK, et al. (2018).
Autophagy regulates cisplatin-induced stemness
and chemoresistance via the upregulation of CD44,
ABCB1 and ADAM17 in oral squamous cell
carcinoma. Cell Prolif; 51(1):e12411. [CrossRef]

[PubMed]

Ghosh RD, Ghuwalewala S, Das P, et al. (2016).
MicroRNA profiling of cisplatin-resistant oral
squamous cell carcinoma cell lines enriched with
cancer-stem-cell-like and epithelial-mesenchymal
transition-type features. Sci Rep; 6:23932.
[CrossRef] [PubMed]

Nikitakis NG, Gkouveris 1, Aseervatham J,
Barahona K, Ogbureke KUE (2018). DSPP-
MMP20 gene silencing downregulates cancer stem

Citation: Mishra R (2023). Treatment failure shortcomings, possible causes and upcoming phyto-optimism in oral cancer.
T Appl Biol Chem J; 4(1):4-27. https:/ / doi.org/10.52679/ tabcj.2023.0002


https://doi.org/10.1016/j.ejca.2016.12.035
https://pubmed.ncbi.nlm.nih.gov/28324750/
https://doi.org/10.3390/cancers12123851
https://pubmed.ncbi.nlm.nih.gov/33419311/
https://doi.org/10.1038/s41568-018-0037-0
https://pubmed.ncbi.nlm.nih.gov/30006588/
https://doi.org/10.1158/1535-7163.mct-12-1245
https://pubmed.ncbi.nlm.nih.gov/23920275/
https://doi.org/10.18632/oncotarget.3432
https://pubmed.ncbi.nlm.nih.gov/25871473/
https://doi.org/10.3389/fphar.2017.00661
https://pubmed.ncbi.nlm.nih.gov/28993732/
https://doi.org/10.1007/s12015-019-09936-w
https://pubmed.ncbi.nlm.nih.gov/31813120/
https://doi.org/10.1016/j.job.2021.01.004
https://pubmed.ncbi.nlm.nih.gov/33497843/
https://doi.org/10.1016/j.oraloncology.2020.104808
https://pubmed.ncbi.nlm.nih.gov/32540611/
https://doi.org/10.18632/oncotarget.16903
https://pubmed.ncbi.nlm.nih.gov/28430665/
https://doi.org/10.1016/j.bbadis.2015.10.009
https://pubmed.ncbi.nlm.nih.gov/26474534/
https://doi.org/10.1080/00016489.2017.1405278
https://pubmed.ncbi.nlm.nih.gov/29172836/
https://doi.org/10.3389/fcell.2021.694831
https://pubmed.ncbi.nlm.nih.gov/34239877
https://doi.org/10.1007/s00262-020-02843-x
https://pubmed.ncbi.nlm.nih.gov/33416945/
https://doi.org/10.1177/1010428317699800
https://pubmed.ncbi.nlm.nih.gov/28468577/
https://doi.org/10.1111/jop.13050
https://pubmed.ncbi.nlm.nih.gov/32512620/
https://doi.org/10.18632/oncotarget.21338
https://pubmed.ncbi.nlm.nih.gov/29212198
https://doi.org/10.3390/ijms20123034
https://pubmed.ncbi.nlm.nih.gov/31234332
https://doi.org/10.1371/journal.pone.0049275
https://pubmed.ncbi.nlm.nih.gov/23152886
https://doi.org/10.1111/cpr.12411
https://pubmed.ncbi.nlm.nih.gov/29171106/
https://doi.org/10.1038/srep23932
https://pubmed.ncbi.nlm.nih.gov/27045798

17

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

cell markers in human oral cancer cells. Cell Mol
Biol Lett; 23:30. [CrossRef] [PubMed]

Duz MB, Karatas OF (2021). Differential
expression of ABCB1, ABCG2, and KLF4 as
putative indicators for paclitaxel resistance in
human epithelial type 2 cells. Mol Biol Rep;
48(2):1393-400. [CrossRef] [PubMed]

Lu BC, Li J, Yu WF, Zhang GZ, Wang HM, Ma
HM (2016). Elevated expression of Nrf2 mediates
multidrug resistance in CD133(+) head and neck
squamous cell carcinoma stem cells. Oncol Lett;
12(6):4333-8. [CrossRef]  [PubMed]

Lee SH, Do SI, Lee HJ, Kang HJ, Koo BS, Lim YC
(2016). Notch1l signaling contributes to stemness in
head and neck squamous cell carcinoma. Lab
Invest; 96(5):508-16. [CrossRef] [PubMed]

Ma J, Lv Z, Liu X, Liu X, Xu W (2018). MG132
reverses multidrug resistance by activating the INK
signaling pathway in FaDu/T cells. Mol Med Rep;
18(2):1820-25. [CrossRef] [PubMed]

Bhide SA, Thway K, Lee J, Wong K, Clarke P,
Newbold KL, et al. (2016). Delayed DNA double-
strand break repair following platin-based
chemotherapy predicts treatment response in head
and neck squamous cell carcinoma. Br J Cancer;
115(7):825-30. [CrossRef] [PubMed]

Nikitakis NG, Rassidakis GZ, Tasoulas J,
Gkouveris 1, Kamperos G, Daskalopoulos A, et al.
(2018). Alterations in the expression of DNA
damage response-related molecules in potentially
preneoplastic oral epithelial lesions. Oral Surg Oral
Med Oral Pathol Oral Radiol; 125(6):637-49.

[CrossRef] [PubMed]
Wang L, Mosel AJ, Oakley GG, Peng A (2012).

Deficient DNA damage signaling leads to
chemoresistance to cisplatin in oral cancer. Mol
Cancer  Ther;  11(11):2401-9.  [CrossRef]
[PubMed]

Lindemann A, Takahashi H, Patel AA, Osman AA,
Myers JN (2018). Targeting the DNA damage
response in OSCC with TP53 mutations. J Dent
Res; 97(6):635-44. [CrossRef] [PubMed]

Shen B, Huang D, Ramsey AJ, Ig-1zevbekhai K,
Zhang K, Lajud SA, et al. (2020). PD-L1 and MRN
synergy in platinum-based chemoresistance of head
and neck squamous cell carcinoma. Br J Cancer;
122(5):640-7. [CrossRef]  [PubMed]

Mehra R, Zhu F, Yang DH, Cai KQ, Weaver J,
Singh MK, et al. (2013). Quantification of excision
repair cross-complementing group 1 and survival in
pl6-negative squamous cell head and neck cancers.
Clin Cancer Res; 19(23):6633-43. [CrossRef]

[PubMed]
Prochnow S, Wilczak W, Bosch V, Clauditz TS,

Muenscher A (2019). ERCC1, XPF and XPA-
locoregional differences and prognostic value of

[78]

[79]

(80]

[81]

(82]

(83]

(84]

(85]

(86]

[87]

(88]

Phyto-optimism for therapy-resistant OSCC

DNA repair protein expression in patients with head
and neck squamous cell carcinoma. Clin Oral
Investig; 23(8):3319-29. [CrossRef] [PubMed]

Bold IT, Specht AK, Droste CF, Zielinski A, Meyer
F, Clauditz TS, et al. (2021). DNA damage response
during replication correlates with CIN70 score and
determines survival in HNSCC patients. Cancers
(Basel); 13(6):1194. [CrossRef] [PubMed]

Tanaka N, Patel AA, Tang L, Silver NL, Lindemann
A, Takahashi H, et al. (2017). Replication stress
leading to apoptosis within the S-phase contributes
to synergism between vorinostat and AZD1775 in
HNSCC harboring high-risk TP53 mutation. Clin
Cancer Res;  23(21):6541-54.  [CrossRef]

[PubMed]

Li LY, Guan YD, Chen XS, Yang JM, Cheng Y
(2020). DNA repair pathways in cancer therapy and
resistance. Front  Pharmacol; 11:629266.
[CrossRef] [PubMed]

Patel S, Shah K, Mirza S, Daga A, Rawal R (2015).
Epigenetic regulators governing cancer stem cells
and epithelial-mesenchymal transition in oral
squamous cell carcinoma. Curr Stem Cell Res Ther;
10(2):140-52. [CrossRef]  [PubMed]

Castilho RM, Squarize CH, Almeida LO (2017).
Epigenetic modifications and head and neck cancer:
implications for tumor progression and resistance to
therapy. Int J Mol Sci; 18(7):1506. [CrossRef]

[PubMed]

Chen X, Liu L, Mims J, Punska EC, Williams KE,
Zhao W, et al. (2015). Analysis of DNA
methylation and gene expression in radiation-
resistant head and neck tumors. Epigenetics;
10(6):545-61. [CrossRef]  [PubMed]

Wang W, Li X, Wang F, Sun XY (2018). Effect of
TET1 regulating MGMT on chemotherapy
resistance of oral squamous cell carcinoma stem
cells. J Cell Biochem; 119(1):723-35. [CrossRef]

[PubMed]

Suzuki M, Shinohara F, Nishimura K, Echigo S,
Rikiishi H (2007). Epigenetic regulation of
chemosensitivity to 5-fluorouracil and cisplatin by
zebularine in oral squamous cell carcinoma. Int J
Oncol; 31(6):1449-56. [PubMed]

Tsai MS, Chen WC, Lai CH, Chen YY, Chen MF
(2017). Epigenetic therapy regulates the expression
of ALDH1 and immunologic response: Relevance
to the prognosis of oral cancer. Oral Oncol; 73:88-
96. [CrossRef] [PubMed]

Almeida LO, Abrahao AC, Rosselli-Murai LK, et
al. (2014). NFkB mediates cisplatin resistance
through histone modifications in head and neck
squamous cell carcinoma (HNSCC). FEBS Open
Bio; 4:96-104. [CrossRef] [PubMed]

Portney BA, Arad M, Gupta A, Brown RA, Khatri
R, Lin PN, et al. (2020). ZSCAN4 facilitates

Citation: Mishra R (2023). Treatment failure shortcomings, possible causes and upcoming phyto-optimism in oral cancer.
T Appl Biol Chem J; 4(1):4-27. https:/ / doi.org/10.52679/ tabcj.2023.0002


https://doi.org/10.1186/s11658-018-0096-y
https://pubmed.ncbi.nlm.nih.gov/30002682/
https://doi.org/10.1007/s11033-021-06167-6
https://pubmed.ncbi.nlm.nih.gov/33506275/
https://doi.org/10.3892/ol.2016.5269
https://pubmed.ncbi.nlm.nih.gov/28101198
https://doi.org/10.1038/labinvest.2015.163
https://pubmed.ncbi.nlm.nih.gov/26927514/
https://doi.org/10.3892/mmr.2018.9138
https://pubmed.ncbi.nlm.nih.gov/29901180/
https://doi.org/10.1038/bjc.2016.266
https://pubmed.ncbi.nlm.nih.gov/27584664/
https://doi.org/10.1016/j.oooo.2018.03.006
https://pubmed.ncbi.nlm.nih.gov/29705090/
https://doi.org/10.1158/1535-7163.MCT-12-0448
https://pubmed.ncbi.nlm.nih.gov/22973056
https://doi.org/10.1177/0022034518759068
https://pubmed.ncbi.nlm.nih.gov/29489434/
https://doi.org/10.1038/s41416-019-0697-x
https://pubmed.ncbi.nlm.nih.gov/31853007/
https://doi.org/10.1158/1078-0432.ccr-13-0152
https://pubmed.ncbi.nlm.nih.gov/24088734/
https://doi.org/10.1007/s00784-018-2751-0
https://pubmed.ncbi.nlm.nih.gov/30498981/
https://doi.org/10.3390/cancers13061194
https://pubmed.ncbi.nlm.nih.gov/33801877/
https://doi.org/10.1158/1078-0432.ccr-17-0947
https://pubmed.ncbi.nlm.nih.gov/28790110/
https://doi.org/10.3389/fphar.2020.629266
https://pubmed.ncbi.nlm.nih.gov/33628188
https://doi.org/10.2174/1574888x09666141020163700
https://pubmed.ncbi.nlm.nih.gov/25330402/
https://doi.org/10.3390/ijms18071506
https://pubmed.ncbi.nlm.nih.gov/28704968/
https://doi.org/10.1080/15592294.2015.1048953
https://pubmed.ncbi.nlm.nih.gov/25961636/
https://doi.org/10.1002/jcb.26236
https://pubmed.ncbi.nlm.nih.gov/28643947/
https://pubmed.ncbi.nlm.nih.gov/17982671/
https://doi.org/10.1016/j.oraloncology.2017.08.007
https://pubmed.ncbi.nlm.nih.gov/28939082/
https://doi.org/10.1016/j.fob.2013.12.003
https://pubmed.ncbi.nlm.nih.gov/24490130/

Mishra

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

chromatin remodeling and promotes the cancer
stem cell phenotype. Oncogene; 39(26):4970-82.

[CrossRef]

Meng X, Lou QY, Yang WY, Wang YR, Chen R,
Wang L, etal. (2021). The role of non-coding RNAs
in drug resistance of oral squamous cell carcinoma
and therapeutic potential. Cancer Commun (Lond);
41(10):981-1006. [CrossRef] [PubMed]

Aali M, Mesgarzadeh AH, Najjary S, Abdolahi
HM, Kojabad AB, Baradaran B (2020). Evaluating
the role of microRNAs alterations in oral squamous
cell carcinoma. Gene; 757:144936. [CrossRef]

[PubMed]

Kawahara K, Nagata M, Yoshida R, Hirosue A,
Tanaka T, Matsuoka Y, et al. (2021). miR-30a
attenuates drug sensitivity to 5-FU by modulating
cell proliferation possibly by downregulating cyclin
E2 in oral squamous cell carcinoma. Biochem
Biophys Rep; 28:101114. [CrossRef] [PubMed]

Jiang C, Liu F, Xiao S, He L, Wu W, Zhao Q
(2021). miR-29a-3p enhances the radiosensitivity
of oral squamous cell carcinoma cells by inhibiting

ADAM12. Eur J Histochem; 65(3):3295.
[CrossRef] [PubMed]

Yokoyama S, Shigeishi H, Murodumi H, Sakuma
M, Ono S, Tobiume K, etal. (2021). Effects of miR-
224-5p-enhanced downregulation of pannexin-1 on
docetaxel-induced apoptosis in amoeboid-like
CD44(high) oral cancer cells. Eur J Oral Sci;
129(5):e12812. [CrossRef] [PubMed]

Sayyed AA, Gondaliya P, Mali M, Pawar A, Bhat
P, Khairnar A, et al. (2021). MiR-155 inhibitor-
laden exosomes reverse resistance to cisplatin in a
3D tumor spheroid and xenograft model of oral
cancer. Mol Pharm; 18(8):3010-25. [CrossRef]

[PubMed]

Song A, Wu Y, Chu W, Yang X, Zhu Z, Yan E, et
al. (2021). Involvement of miR-619-5p in resistance
to cisplatin by regulating ATXN3 in oral squamous
cell carcinoma. Int J Biol Sci; 17(2):430-47.

[CrossRef] [PubMed]

Kulkarni B, Gondaliya P, Kirave P, et al. (2020).
Exosome-mediated delivery of miR-30a sensitize
cisplatin-resistant  variant of oral squamous
carcinoma cells via modulating Beclinl and Bcl2.
Oncotarget;11(20):1832-45. [CrossRef]

[PubMed]

Lin SC, Wu HL, Yeh LY, Yang CC, Kao SY,
Chang KW (2020). Activation of the miR-
371/372/373 miRNA cluster enhances oncogenicity
and drug resistance in oral carcinoma cells. Int J
Mol Sci; 21(24):9442. [CrossRef]  [PubMed]

Lin SS, Peng CY, Liao YW, Chou MY, Hsieh PL,
Yu CC (2018). miR-1246 Targets CCNG2 to
enhance cancer stemness and chemoresistance in

oral carcinomas. Cancers (Basel); 10(8):272.
[CrossRef] [PubMed]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

18

Kirave P, Gondaliya P, Kulkarni B, Rawal R, Garg
R, Jain A, et al. (2020). Exosome mediated miR-155
delivery confers cisplatin chemoresistance in oral
cancer cells via epithelial-mesenchymal transition.
Oncotarget; 11(13):1157-71. [CrossRef]

[PubMed]

LiJ, Xu X, Zhang D, Lv H, Lei X (2021). LncRNA
LHFPL3-AS1 promotes oral squamous cell
carcinoma growth and cisplatin resistance through
targeting miR-362-5p/CHSY1 pathway. Onco
Targets Ther; 14:2293-300. [CrossRef]

[PubMed]

Wang F, Ji X, Wang J, Ma X, Yang Y, Zuo J, et al.
(2020). LncRNA PVT1 enhances proliferation and
cisplatin resistance via regulating miR-194-
5p/HIFla axis in oral squamous cell carcinoma.
Onco Targets Ther; 13:243-52. [CrossRef]

[PubMed]

Wang X, Li H, Shi J (2019). LncRNA HOXA11-
AS promotes proliferation and cisplatin resistance
of oral squamous cell carcinoma by suppression of
miR-214-3p  expression. Biomed Res Int;
2019:8645153. [CrossRef] [PubMed]

Zhang D, Ding L, Li Y, Ren J, Shi G, Wang Y, et
al. (2017). Midkine derived from cancer-associated
fibroblasts promotes cisplatin-resistance via up-
regulation of the expression of INcRNA ANRIL in
tumour cells. Sci Rep; 7(1):16231. [CrossRef]

[PubMed]

Yu M, Lee C, Wang M, Tannock IF (2015).
Influence of the proton pump inhibitor lansoprazole
on distribution and activity of doxorubicin in solid
tumors. Cancer Sci; 106(10):1438-47. [CrossRef]

[PubMed]

Wang CJ, Li D, Danielson JA, Zhang EH, Dong Z,
Miller KD, et al. (2021). Proton pump inhibitors
suppress DNA damage repair and sensitize
treatment resistance in breast cancer by targeting
fatty acid synthase. Cancer Lett; 509:1-12.
[CrossRef] [PubMed]

Hebert KA, Jaramillo S, Yu W, Wang M,
Veeramachaneni R, Sandulache VC, et al. (2021).
Esomeprazole enhances the effect of ionizing
radiation to improve tumor control. Oncotarget;
12(14):1339-53. [CrossRef] [PubMed]

Papagerakis S, Bellile E, Peterson LA, Pliakas M,
et al. (2014). Proton pump inhibitors and histamine
2 blockers are associated with improved overall
survival in patients with head and neck squamous
carcinoma. Cancer Prev Res (Phila); 7(12):1258-
69. [CrossRef] [PubMed]

Garcia-Garcia A, Pérez-Sayans M, Rodriguez MJ,
et al. (2012). Immunohistochemical localization of
C1 subunit of V-ATPase (ATPase C1) in oral
squamous cell cancer and normal oral mucosa.
Biotech Histochem; 87(2):133-9. [CrossRef]

[PubMed]

Citation: Mishra R (2023). Treatment failure shortcomings, possible causes and upcoming phyto-optimism in oral cancer.
T Appl Biol Chem J; 4(1):4-27. https:/ / doi.org/10.52679/ tabcj.2023.0002


https://doi.org/10.1038/s41388-020-1333-1
https://doi.org/10.1002/cac2.12194
https://pubmed.ncbi.nlm.nih.gov/34289530/
https://doi.org/10.1016/j.gene.2020.144936
https://pubmed.ncbi.nlm.nih.gov/32640301/
https://doi.org/10.1016/j.bbrep.2021.101114
https://pubmed.ncbi.nlm.nih.gov/34589618/
https://doi.org/10.4081/ejh.2021.3295
https://pubmed.ncbi.nlm.nih.gov/34587717/
https://doi.org/10.1111/eos.12812
https://pubmed.ncbi.nlm.nih.gov/34236115/
https://doi.org/10.1021/acs.molpharmaceut.1c00213
https://pubmed.ncbi.nlm.nih.gov/34176265/
https://doi.org/10.7150/ijbs.54014
https://pubmed.ncbi.nlm.nih.gov/33613103
https://doi.org/10.18632/oncotarget.27557
https://pubmed.ncbi.nlm.nih.gov/32499869
https://doi.org/10.3390/ijms21249442
https://pubmed.ncbi.nlm.nih.gov/33322437/
https://doi.org/10.3390/cancers10080272
https://pubmed.ncbi.nlm.nih.gov/30115848
https://doi.org/10.18632/oncotarget.27531
https://pubmed.ncbi.nlm.nih.gov/32284792
https://doi.org/10.2147/ott.s298679
https://pubmed.ncbi.nlm.nih.gov/33833527/
https://doi.org/10.2147/ott.s232405
https://pubmed.ncbi.nlm.nih.gov/32021271/
https://doi.org/10.1155/2019/8645153
https://pubmed.ncbi.nlm.nih.gov/31275988/
https://doi.org/10.1038/s41598-017-13431-y
https://pubmed.ncbi.nlm.nih.gov/29176691/
https://doi.org/10.1111/cas.12756
https://pubmed.ncbi.nlm.nih.gov/26212113
https://doi.org/10.1016/j.canlet.2021.03.026
https://pubmed.ncbi.nlm.nih.gov/33813001/
https://doi.org/10.18632/oncotarget.28008
https://pubmed.ncbi.nlm.nih.gov/34262645/
https://doi.org/10.1158/1940-6207.capr-14-0002
https://pubmed.ncbi.nlm.nih.gov/25468899/
https://doi.org/10.3109/10520295.2011.574647
https://pubmed.ncbi.nlm.nih.gov/21526910/

19

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

Pérez-Sayans M, Somoza-Martin JM, Barros-
Angueira F, Diz PG, Rey JM, Garcia-Garcia A
(2010). Multidrug resistance in oral squamous cell
carcinoma: The role of vacuolar ATPases. Cancer
Lett; 295(2):135-43. [CrossRef] [PubMed]

Pérez-Sayans M, Reboiras-Lépez MD, Somoza-
Martin JM, Barros-Angueira F, Diz PG, Rey JM,
Garcia-Garcia A (2010). Measurement of
ATP6V1C1 expression in brush cytology samples
as a diagnostic and prognostic marker in oral
squamous cell carcinoma. Cancer Biol Ther;
9(12):1057-64. [CrossRef] [PubMed]

Huang L, Lu Q, Han Y, Li Z, Zhang Z, Li X (2012).
ABCG2/V-ATPase was associated with the drug
resistance and tumor metastasis of esophageal
squamous cancer cells. Diagn Pathol; 7:180.

[CrossRef] [PubMed]

Pérez-Sayans M, Garcia-Garcia A, Reboiras-L6pez
MD, Gandara-Vila P (2009). Role of V-ATPases in
solid tumors: importance of the subunit C (Review).

Int J Oncol; 34(6):1513-20. [CrossRef]
[PubMed]

Lu ZN, Shi zY, Dang YF, Cheng YN, Guan YH,
Hao ZJ, et al. (2019). Pantoprazole pretreatment
elevates sensitivity to vincristine in drug-resistant
oral epidermoid carcinoma in vitro and in vivo.
Biomed Pharmacother; 120:109478. [CrossRef]

[PubMed]

Joseph JP, Harishankar MK, Pillai AA, Devi A

(2018). Hypoxia induced EMT: A review on the

mechanism of tumor progression and metastasis in

OSCC. Oral Oncol; 80:23-32. [CrossRef]
[PubMed]

Yin X, Han S, Song C, Zou H, Wei Z, Xu W, et al.
(2019). Metformin enhances gefitinib efficacy by
interfering with interactions between tumor-
associated macrophages and head and neck
squamous cell carcinoma cells. Cell Oncol (Dordr);
42(4):459-75. [CrossRef]  [PubMed]

Kim MH, Kim JH, Lee JMet al. (2020). Molecular
subtypes of oropharyngeal cancer show distinct
immune microenvironment related with immune
checkpoint blockade response. Br J Cancer;
122(11):1649-60. [CrossRef] [PubMed]

Bhattacharya D, Sakhare K, Narayan KP, Banerjee
R (2021). The prospects of nanotherapeutic
approaches  for  targeting tumor-associated
macrophages in oral cancer. Nanomedicine;
34:102371. [CrossRef] [PubMed]

Ding L, Ren J, Zhang D, Li Y, Huang X, Ji J, et al.
(2017). The TLR3 agonist inhibit drug efflux and
sequentially consolidates low-dose cisplatin-based
chemoimmunotherapy while reducing side effects.
Mol Cancer Ther; 16(6):1068-79. [CrossRef]

[PubMed]

Li X, BuW, Meng L, Liu X, Wang S, Jiang L, et al.
(2019). CXCL12/CXCR4 pathway orchestrates

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

Phyto-optimism for therapy-resistant OSCC

CSC-like properties by CAF recruited tumor
associated macrophage in OSCC. Exp Cell Res;
378(2):131-8. [CrossRef]  [PubMed]

da Silva SD, Marchi FA, Su J, et al. (2021). Co-
overexpression of TWIST1-CSF1 is a common

event in metastatic oral cancer and drives
biologically aggressive phenotype. Cancers
(Basel); 13(1):153. [CrossRef] [PubMed]

Guo XY, Zhang JY, Shi XZ, Wang Q, Shen WL,
Zhu WW, et al. (2020). Upregulation of CSF-1 is
correlated with elevated TAM infiltration and poor
prognosis in oral squamous cell carcinoma. Am J
Transl Res; 12(10):6235-49. [PubMed]

Wagai S, Kasamatsu A, lyoda M, Hayashi F, et al.
(2019). UNC93B1 promotes tumoral growth by
controlling the secretion level of granulocyte
macrophage colony-stimulating factor in human
oral cancer. Biochem Biophys Res Commun;
513(1):81-7. [CrossRef] [PubMed]

Babiker H, Brana I, Mahadevan D, Owonikoko T,
et al. (2021). Phase | trial of cemiplimab,
radiotherapy, cyclophosphamide, and granulocyte
macrophage colony-stimulating factor in patients
with recurrent or metastatic head and neck
squamous cell carcinoma. Oncologist; 26(9):e1508-
€13. [CrossRef] [PubMed]

Evrard D, Szturz P, Tijeras-Raballand A, et al.
(2019). Macrophages in the microenvironment of
head and neck cancer: potential targets for cancer
therapy. Oral Oncol; 88:29-38. [CrossRef]

[PubMed]

Jameson MJ, Taniguchi LE, VanKoevering KK, et
al. (2013). Activation of the insulin-like growth
factor-1 receptor alters p27 regulation by the
epidermal growth factor receptor in oral squamous
carcinoma cells. J Oral Pathol Med; 42(4):332-8.
[CrossRef] [PubMed]

Lehman CE, Khalil AA, Axelrod MJ, et al. (2020).
Antitumor effect of insulin-like growth factor-1
receptor inhibition in head and neck squamous cell
carcinoma. Laryngoscope; 130(6):1470-8.
[CrossRef] [PubMed]

Jameson MJ, Beckler AD, Taniguchi LE, et al.
(2011). Activation of the insulin-like growth factor-
1 receptor induces resistance to epidermal growth
factor receptor antagonism in head and neck
squamous carcinoma cells. Mol Cancer Ther;
10(11):2124-34. [CrossRef] [PubMed]

Oh SH, Jin Q, Kim ES, Khuri FR, Lee HY (2008).
Insulin-like growth factor-1 receptor signaling
pathway induces resistance to the apoptotic
activities of SCH66336 (lonafarnib) through
Akt/mammalian target of rapamycin-mediated
increases in survivin expression. Clin Cancer Res;
14(5):1581-9. [CrossRef]  [PubMed]

Law ZJ, Khoo XH, Lim PT, Goh BH, Ming LC, Lee
WL, et al. (2021). Extracellular vesicle-mediated

Citation: Mishra R (2023). Treatment failure shortcomings, possible causes and upcoming phyto-optimism in oral cancer.
T Appl Biol Chem J; 4(1):4-27. https:/ / doi.org/10.52679/ tabcj.2023.0002


https://doi.org/10.1016/j.canlet.2010.03.019
https://pubmed.ncbi.nlm.nih.gov/20418015
https://doi.org/10.4161/cbt.9.12.11880
https://pubmed.ncbi.nlm.nih.gov/20404513
https://doi.org/10.1186/1746-1596-7-180
https://pubmed.ncbi.nlm.nih.gov/23244569/
https://doi.org/10.3892/ijo_00000280
https://pubmed.ncbi.nlm.nih.gov/19424568
https://doi.org/10.1016/j.biopha.2019.109478
https://pubmed.ncbi.nlm.nih.gov/31568987/
https://doi.org/10.1016/j.oraloncology.2018.03.004
https://pubmed.ncbi.nlm.nih.gov/29706185/
https://doi.org/10.1007/s13402-019-00446-y
https://pubmed.ncbi.nlm.nih.gov/31001733/
https://doi.org/10.1038/s41416-020-0796-8
https://pubmed.ncbi.nlm.nih.gov/32235905/
https://doi.org/10.1016/j.nano.2021.102371
https://pubmed.ncbi.nlm.nih.gov/33662592/
https://doi.org/10.1158/1535-7163.mct-16-0454
https://pubmed.ncbi.nlm.nih.gov/28138030/
https://doi.org/10.1016/j.yexcr.2019.03.013
https://pubmed.ncbi.nlm.nih.gov/30857971/
https://doi.org/10.3390/cancers13010153
https://pubmed.ncbi.nlm.nih.gov/33466385
https://pubmed.ncbi.nlm.nih.gov/33194026
https://doi.org/10.1016/j.bbrc.2019.03.172
https://pubmed.ncbi.nlm.nih.gov/30935694/
https://doi.org/10.1002/onco.13810
https://pubmed.ncbi.nlm.nih.gov/33942954/
https://doi.org/10.1016/j.oraloncology.2018.10.040
https://pubmed.ncbi.nlm.nih.gov/30616794/
https://doi.org/10.1111/jop.12014
https://pubmed.ncbi.nlm.nih.gov/23106397/
https://doi.org/10.1002/lary.28236
https://pubmed.ncbi.nlm.nih.gov/31433065/
https://doi.org/10.1158/1535-7163.mct-11-0294
https://pubmed.ncbi.nlm.nih.gov/21878657/
https://doi.org/10.1158/1078-0432.ccr-07-0952
https://pubmed.ncbi.nlm.nih.gov/18316583/

Mishra

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

chemoresistance in oral squamous cell carcinoma.

Front Mol Biosci; 8:629888. [CrossRef]
[PubMed]

Cui J, Wang H, Zhang X, Sun X, Zhang J, Ma J

(2020). Exosomal miR-200c  suppresses

chemoresistance of docetaxel in tongue squamous
cell carcinoma by suppressing TUBB3 and
PPP2R1B. Aging (Albany NY); 12(8):6756-73.

[CrossRef] [PubMed]

Pawge G, Khatik GL (2021). p53 regulated
senescence mechanism and role of its modulators in
age-related  disorders. Biochem Pharmacol;
190:114651. [CrossRef] [PubMed]

McLaughlin M, Barker HE, Khan AA, Pedersen M,
Dillon M, Mansfield DC, et al. (2017). HSP90
inhibition sensitizes head and neck cancer to platin-
based chemoradiotherapy by modulation of the
DNA damage response resulting in chromosomal
fragmentation. BMC Cancer; 17(1):86. [CrossRef]

Ghorai A, Mahaddalkar T, Thorat R, Dutt S (2020).
Sustained inhibition of PARP-1 activity delays
glioblastoma recurrence by enhancing radiation-
induced senescence. Cancer Lett; 490:44-53.

[CrossRef] [PubMed]

McCaul JA, Gordon KE, Minty F, Fleming J,
Parkinson EK (2008). Telomere dysfunction is
related to the intrinsic radio-resistance of human

oral cancer cells. Oral Oncol; 44(3):261-9.
[CrossRef] [PubMed]

Utaipan T, Athipornchai A, Suksamrarn A,
Chunsrivirot S, Chunglok W (2017). Isomahanine
induces endoplasmic reticulum stress and
simultaneously triggers p38 MAPK-mediated
apoptosis and autophagy in multidrug-resistant
human oral squamous cell carcinoma cells. Oncol
Rep; 37(2):1243-52. [CrossRef] [PubMed]

Lee M, Nam HY, Kang HB, Lee WH, Lee GH,
Sung GJ, et al. (2021). Epigenetic regulation of
p62/SQSTM1 overcomes the radioresistance of
head and neck cancer cells via autophagy-
dependent senescence induction. Cell Death Dis;

12(3):250. [CrossRef] [PubMed]

Wang Q, Wu PC, Roberson RS, Luk BV, lvanova
I, Chu E, et al. (2011). Survivin and escaping in
therapy-induced cellular senescence. Int J Cancer;
128(7):1546-58. [CrossRef] [PubMed]

Su L, Wang Y, Xiao M, Lin Y, Yu L (2010). Up-
regulation of survivin in oral squamous cell
carcinoma correlates with poor prognosis and
chemoresistance. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod; 110(4):484-91. [CrossRef]

[PubMed]

Rosin FCP, Teixeira MG, Pelissari C, Correa L
(2018). Resistance of oral cancer cells to 5-ALA-
mediated photodynamic therapy. J Cell Biochem;
119(4):3554-62. [CrossRef] [PubMed]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

20

Zandberg DP, Tallon LJ, Nagaraj S, et al. (2019).
Intratumor genetic heterogeneity in squamous cell
carcinoma of the oral cavity. Head Neck;
41(8):2514-24. [CrossRef] [PubMed]

Canning M, Guo G, Yu M, Myint C, et al. (2019).
Heterogeneity of the head and neck squamous cell
carcinoma immune landscape and its impact on
immunotherapy. Front Cell Dev Biol; 7:52.
[CrossRef] [PubMed]

Sharma V, Nandan A, Sharma AK, et al. (2017).
Signature of genetic associations in oral cancer.
Tumour Biol; 39(10):1010428317725923.
[CrossRef] [PubMed]

Sinha N, Mukhopadhyay S, Das DN, Panda PK,
Bhutia SK (2013). Relevance of cancer
initiating/stem cells in carcinogenesis and therapy
resistance in oral cancer. Oral Oncol; 49(9):854-62.
[CrossRef] [PubMed]

Bourguignon LYW, Earle C, Shiina M (2017).
Activation of matrix hyaluronan-mediated cd44
signaling, epigenetic regulation and
chemoresistance in head and neck cancer stem cells.
Int J Mol Sci; 18(9):1849. [CrossRef] [PubMed]

Chen CM, Chu TH, Chou CC, Chien CY, Wang JS,
Huang CC (2021). Exosome-derived microRNAs in
oral squamous cell carcinomas impact disease
prognosis. Oral Oncol; 120:105402. [CrossRef]

[PubMed]

Chen JH, Wu ATH, Bamodu OA, et al. (2019).
Ovatodiolide suppresses oral cancer malignancy by

down-regulating  exosomal  Mir-21/STAT3/B-
catenin cargo and preventing oncogenic
transformation of normal gingival fibroblasts.
Cancers (Basel); 12(1):56. [CrossRef]
[PubMed]

Botha H, Farah CS, Koo K, Cirillo N, et al. (2021).
The role of glucose transporters in oral squamous
cell ~carcinoma. Biomolecules;  11(8):1070.
[CrossRef] [PubMed]

Gudi RR, Janakiraman H, Howe PH, Palanisamy V,
Vasu C (2021). Loss of CPAP causes sustained
EGFR signaling and epithelial-mesenchymal
transition in oral cancer. Oncotarget; 12(8):807-22.
[CrossRef] [PubMed]

Knopf A, Bahadori L, Fritsche K, Piontek G, et al.
(2017). Primary tumor-associated expression of
CXCR4 predicts formation of local and systemic
recurrency in head and neck squamous cell
carcinoma. Oncotarget; 8(68):112739-47.
[CrossRef] [PubMed]

Yang X, Sun T, Zhao Y, Liu S, Liang X (2021). 4sc-
202 and Ink-128 cooperate to reverse the epithelial
to mesenchymal transition in OSCC. Oral Dis;
28(8):2139-48. [CrossRef] [PubMed]

Hao Y, Xiao Y, Liao X, Tang S, Xie X, Liu R, et al.
(2021). FGF8 induces epithelial-mesenchymal

Citation: Mishra R (2023). Treatment failure shortcomings, possible causes and upcoming phyto-optimism in oral cancer.
T Appl Biol Chem J; 4(1):4-27. https:/ / doi.org/10.52679/ tabcj.2023.0002


https://doi.org/10.3389/fmolb.2021.629888
https://pubmed.ncbi.nlm.nih.gov/33768115/
https://doi.org/10.18632/aging.103036
https://pubmed.ncbi.nlm.nih.gov/32310826/
https://doi.org/10.1016/j.bcp.2021.114651
https://pubmed.ncbi.nlm.nih.gov/34118220/
https://doi.org/10.1186/s12885-017-3084-0
https://doi.org/10.1016/j.canlet.2020.06.023
https://pubmed.ncbi.nlm.nih.gov/32645394/
https://doi.org/10.1016/j.oraloncology.2007.02.010
https://pubmed.ncbi.nlm.nih.gov/17475542/
https://doi.org/10.3892/or.2017.5352
https://pubmed.ncbi.nlm.nih.gov/28075474/
https://doi.org/10.1038/s41419-021-03539-5
https://pubmed.ncbi.nlm.nih.gov/33674559/
https://doi.org/10.1002/ijc.25482
https://pubmed.ncbi.nlm.nih.gov/20503268/
https://doi.org/10.1016/j.tripleo.2010.04.009
https://pubmed.ncbi.nlm.nih.gov/20868995/
https://doi.org/10.1002/jcb.26541
https://pubmed.ncbi.nlm.nih.gov/29227548/
https://doi.org/10.1002/hed.25719
https://pubmed.ncbi.nlm.nih.gov/30869813/
https://doi.org/10.3389/fcell.2019.00052
https://pubmed.ncbi.nlm.nih.gov/31024913/
https://doi.org/10.1177/1010428317725923
https://pubmed.ncbi.nlm.nih.gov/29037125/
https://doi.org/10.1016/j.oraloncology.2013.06.010
https://pubmed.ncbi.nlm.nih.gov/23876628/
https://doi.org/10.3390/ijms18091849
https://pubmed.ncbi.nlm.nih.gov/28837080/
https://doi.org/10.1016/j.oraloncology.2021.105402
https://pubmed.ncbi.nlm.nih.gov/34174519/
https://doi.org/10.3390/cancers12010056
https://pubmed.ncbi.nlm.nih.gov/31878245/
https://doi.org/10.3390/biom11081070
https://pubmed.ncbi.nlm.nih.gov/34439735/
https://doi.org/10.18632/oncotarget.27932
https://pubmed.ncbi.nlm.nih.gov/33889303/
https://doi.org/10.18632/oncotarget.22562
https://pubmed.ncbi.nlm.nih.gov/29348861
https://doi.org/10.1111/odi.13860
https://pubmed.ncbi.nlm.nih.gov/33772986/

21

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

transition and promotes metastasis in oral squamous
cell carcinoma. Int J Oral Sci; 13(1):6. [CrossRef]

[PubMed]

Wang R, Lu X, Yu R (2020). IncRNA MALAT1
promotes EMT process and cisplatin resistance of
oral squamous cell carcinoma via PI3K/AKT/m-
TOR signal pathway. Onco Targets Ther; 13:4049-
61. [CrossRef] [PubMed]

Chen S, Yang M, Wang C, Ouyang Y, Chen X, Bai
J, et al. (2021). Forkhead box D1 promotes EMT
and chemoresistance by upregulating IncRNA
CYTOR in oral squamous cell carcinoma. Cancer
Lett; 503:43-53. [CrossRef] [PubMed]

Guo CM, Liu SQ, Sun MZ (2020). miR-429 as
biomarker for diagnosis, treatment and prognosis of
cancers and its potential action mechanisms: A
systematic  literature  review.  Neoplasma;
67(2):215-28. [CrossRef]  [PubMed]

Nakamura R, Ishii H, Endo K, Hotta A, Fujii E,
Miyazawa K, et al. (2018). Reciprocal expression of
Slug and Snail in human oral cancer cells. PLoS
One; 13(7):€0199442. [CrossRef] [PubMed]

Cheng CW, Hsiao JR, Fan CC, Lo YK, Tzen CY,
Wu LW, et al. (2016). Loss of GDF10/BMP3b as a
prognostic marker collaborates with TGFBR3 to
enhance chemotherapy resistance and epithelial-
mesenchymal transition in oral squamous cell

carcinoma. Mol Carcinog;  55(5):499-513.
[CrossRef] [PubMed]

Xuan YZ, Jin CR, Yang KJ (2020). TGF-p
downregulation overcomes gemcitabine resistance
in oral squamous cell carcinoma. Cancer Biomark;
29(2):179-87. [CrossRef]  [PubMed]

Warrier S, Bhuvanalakshmi G, Arfuso F, Rajan G,
Millward M, Dharmarajan A (2014). Cancer stem-
like cells from head and neck cancers are
chemosensitized by the Wnt antagonist, SFRP4, by
inducing apoptosis, decreasing stemness, drug
resistance and epithelial to mesenchymal transition.

Cancer Gene Ther; 21(9):381-8. [CrossRef]
[PubMed]

Yedida GR, Nagini S, Mishra R (2013). The
importance of oncogenic transcription factors for
oral cancer pathogenesis and treatment. Oral Surg
Oral Med Oral Pathol Oral Radiol; 116(2):179-88.

[CrossRef] [PubMed]

Hong KO, Oh KY, Shin WJ, Yoon HJ, Lee JI, Hong
SD (2018). Tumor budding is associated with poor
prognosis of oral squamous cell carcinoma and
histologically represents an epithelial-
mesenchymal transition process. Hum Pathol;

80:123-9. [CrossRef] [PubMed]

Duan Y, He Q, Yue K, Si H, Wang J, Zhou X, et al.
(2017). Hypoxia induced Bcl-2/Twistl complex
promotes tumor cell invasion in oral squamous cell
carcinoma. Oncotarget; 8(5):7729-39. [CrossRef]

[PubMed]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

[169]

[170]

[171]

Phyto-optimism for therapy-resistant OSCC

Kong YH, Syed Zanaruddin SN, Lau SH,
Ramanathan A, Kallarakkal TG, Vincent-Chong
VK, et al. (2015). Co-Expression of TWIST1 and
ZEB2 in oral squamous cell carcinoma is associated
with poor survival. PLoS One; 10(7):e0134045.
[CrossRef] [PubMed]

Arunkumar G, Deva Magendhra Rao AK,
Manikandan M, Prasanna Srinivasa Rao H, Subbiah
S, llangovan R, Murugan AK, Munirajan AK
(2018). Dysregulation of miR-200 family
microRNAs and epithelial-mesenchymal transition
markers in oral squamous cell carcinoma. Oncol
Lett; 15(1):649-657. [CrossRef] [PubMed]

Wei D, Wang W, Shen B, Zhou Y, Yang X, Lu G,
et al. (2019). MicroRNA199a5p suppresses
migration and invasion in oral squamous cell
carcinoma through inhibiting the EMTrelated
transcription factor SOX4. Int J Mol Med,;
44(1):185-95. [CrossRef] [PubMed]

Riechelmann H, Steinbichler TB, Sprung S, et al.
(2021). The epithelial-mesenchymal transcription
factor slug predicts survival benefit of up-front
surgery in head and neck cancer. Cancers (Basel);
13(4):772. [CrossRef] [PubMed]

de Freitas Silva BS, Yamamoto-Silva FP, Pontes
HA, Pinto Junior Ddos S (2014). E-cadherin
downregulation and Twist overexpression since
early stages of oral carcinogenesis. J Oral Pathol
Med. 2014;43(2):125-31. [CrossRef] [PubMed]

Yang CC, Zhu LF, Xu XH, Ning TY, Ye JH, Liu
LK (2013). Membrane type 1 matrix
metalloproteinase induces an epithelial to
mesenchymal transition and cancer stem cell-like
properties in SCC9 cells. BMC Cancer; 13:171.
[CrossRef] [PubMed]

Seyedmajidi M, Seifi S, Moslemi D, Mozaffari SF,
Gholinia H, Zolfaghari 4 (2018).
Immunohistochemical expression of TWIST in oral
squamous cell carcinoma and its correlation with
clinicopathologic factors. J Cancer Res Ther;
14(5):964-9. [CrossRef] [PubMed]

Chen B, Chen B, Zhu Z, Ye W, Zeng J, Liu G, et al.
(2019). Prognostic value of ZEB-1 in solid tumors:
a meta-analysis. BMC Cancer; 19(1):635.
[CrossRef] [PubMed]

Haddad Y, Choi W, McConkey DJ (2009). Delta-
crystallin enhancer binding factor 1 controls the
epithelial to mesenchymal transition phenotype and
resistance to the epidermal growth factor receptor
inhibitor erlotinib in human head and neck
squamous cell carcinoma lines. Clin Cancer Res;
15(2):532-42. [CrossRef]  [PubMed]

Yao X, Sun S, Zhou X, Zhang Q, Guo W, Zhang L
(2017). Clinicopathological significance of ZEB-1
and E-cadherin proteins in patients with oral cavity
squamous cell carcinoma. Onco Targets Ther;
10:781-90. [CrossRef] [PubMed]

Citation: Mishra R (2023). Treatment failure shortcomings, possible causes and upcoming phyto-optimism in oral cancer.
T Appl Biol Chem J; 4(1):4-27. https:/ / doi.org/10.52679/ tabcj.2023.0002


https://doi.org/10.1038/s41368-021-00111-x
https://pubmed.ncbi.nlm.nih.gov/33649301/
https://doi.org/10.2147/ott.s251518
https://pubmed.ncbi.nlm.nih.gov/32494159/
https://doi.org/10.1016/j.canlet.2020.11.046
https://pubmed.ncbi.nlm.nih.gov/33352248/
https://doi.org/10.4149/neo_2019_190401n282
https://pubmed.ncbi.nlm.nih.gov/31884798/
https://doi.org/10.1371/journal.pone.0199442
https://pubmed.ncbi.nlm.nih.gov/29969465
https://doi.org/10.1002/mc.22297
https://pubmed.ncbi.nlm.nih.gov/25728212/
https://doi.org/10.3233/cbm-201456
https://pubmed.ncbi.nlm.nih.gov/32741805/
https://doi.org/10.1038/cgt.2014.42
https://pubmed.ncbi.nlm.nih.gov/25104726/
https://doi.org/10.1016/j.oooo.2013.02.010
https://pubmed.ncbi.nlm.nih.gov/23619350/
https://doi.org/10.1016/j.humpath.2018.06.012
https://pubmed.ncbi.nlm.nih.gov/29936060/
https://doi.org/10.18632/oncotarget.13890
https://pubmed.ncbi.nlm.nih.gov/28032603
https://doi.org/10.1371/journal.pone.0134045
https://pubmed.ncbi.nlm.nih.gov/26214683/
https://doi.org/10.3892/ol.2017.7296
https://pubmed.ncbi.nlm.nih.gov/29375721
https://doi.org/10.3892/ijmm.2019.4174
https://pubmed.ncbi.nlm.nih.gov/31059001/
https://doi.org/10.3390/cancers13040772
https://pubmed.ncbi.nlm.nih.gov/33673269/
https://doi.org/10.1111/jop.12096
https://pubmed.ncbi.nlm.nih.gov/23772858/
https://doi.org/10.1186/1471-2407-13-171
https://pubmed.ncbi.nlm.nih.gov/23548172/
https://doi.org/10.4103/0973-1482.224350
https://pubmed.ncbi.nlm.nih.gov/30197332/
https://doi.org/10.1186/s12885-019-5830-y
https://pubmed.ncbi.nlm.nih.gov/31248382/
https://doi.org/10.1158/1078-0432.ccr-08-1733
https://pubmed.ncbi.nlm.nih.gov/19147758/
https://doi.org/10.2147/OTT.S111920
https://pubmed.ncbi.nlm.nih.gov/28243114

Mishra

[172]

[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

[181]

[182]

[183]

Bretz AC, Gittler MP, Charles JP, Gremke N,
Eckhardt I, Mernberger M, et al. (2016). ANp63
activates the Fanconi anemia DNA repair pathway
and limits the efficacy of cisplatin treatment in
squamous cell carcinoma. Nucleic Acids Res;
44(7):3204-18. [CrossRef] [PubMed]

Ehsanian R, Brown M, Lu H, Yang XP, Pattatheyil
A, Yan B, et al. (2010). YAP dysregulation by
phosphorylation or  ANp63-mediated gene
repression promotes proliferation, survival and

migration in head and neck cancer subsets.
Oncogene; 29(46):6160-71. [CrossRef]

[PubMed]

Wang TY, Peng CY, Lee SS, Chou MY, Yu CC,
Chang YC (2016). Acquisition cancer stemness,
mesenchymal transdifferentiation, and
chemoresistance properties by chronic exposure of
oral epithelial cells to arecoline. Oncotarget;
7(51):84072-81. [CrossRef] [PubMed]

Begicevic RR, Falasca M (2017). ABC transporters
in cancer stem cells: beyond chemoresistance. Int J
Mol Sci; 18(11):2362. [CrossRef] [PubMed]

Higgins CF  (2007). Multiple  molecular
mechanisms for multidrug resistance transporters.

Nature; 446(7137):749-57. [CrossRef]
[PubMed]
Bukowski K, Kciuk M, Kontek R (2020).

Mechanisms of multidrug resistance in cancer

chemotherapy. Int J Mol Sci; 21(9):3233.
[CrossRef] [PubMed]

Jiang ZS, Sun YZ, Wang SM, Ruan JS (2017).
Epithelial-mesenchymal  transition:  potential
regulator of ABC transporters in tumor progression.
J Cancer; 8(12):2319-27. [CrossRef] [PubMed]

Guo H, Ingolia NT, Weissman JS, Bartel DP
(2010). Mammalian microRNAs predominantly act
to decrease target mMRNA levels. Nature;
466(7308):835-40. [CrossRef] [PubMed]

Si W, Shen J, Zheng H, Fan W (2019). The role and
mechanisms of action of microRNAs in cancer drug
resistance. Clin Epigenetics; 11(1):25. [CrossRef]

[PubMed]

An X, Sarmiento C, Tan T, Zhu H (2017).
Regulation of multidrug resistance by microRNAs
in anti-cancer therapy. Acta Pharm Sin B; 7(1):38-
51. [CrossRef] [PubMed]

Wang J, Jia J, Zhou L (2020). Long non-coding
RNA CASC2 enhances cisplatin sensitivity in oral
squamous cell cancer cells by the miR-31-

5p/KANK1 axis. Neoplasma; 67(6):1279-92.
[CrossRef] [PubMed]

Yeh LY, Yang CC, Wu HL, Kao SY, Liu CJ, Chen
YF, et al. (2020). The miR-372-ZBTB7A
oncogenic axis suppresses TRAIL-R2 associated
drug sensitivity in oral carcinoma. Front Oncol;
10:47. [CrossRef] [PubMed]

[184]

[185]

[186]

[187]

[188]

[189]

[190]

[191]

[192]

[193]

[194]

22

Luo K, He J, Yu D, Acil Y (2019). MiR-149-5p
regulates cisplatin chemosensitivity, cell growth,
and metastasis of oral squamous cell carcinoma
cells by targeting TGFp2. Int J Clin Exp Pathol;
12(10):3728-39. [PubMed]

Chen F, Xu B, Li J, Yang X, Gu J, Yao X, et al.
(2021). Hypoxic tumour cell-derived exosomal
miR-340-5p  promotes  radioresistance  of
oesophageal squamous cell carcinoma via KLF10.
J Exp Clin Cancer Res; 40(1):38. [CrossRef]

[PubMed]

Schneider V, Krieger ML, Bendas G, Jaehde U,
Kalayda GV (2013). Contribution of intracellular
ATP to cisplatin resistance of tumor cells. J Biol

Inorg Chem; 18(2):165-74. [CrossRef]
[PubMed]

Zhou Y, Tozzi F, Chen J, Fan F, Xia L, Wang J, et
al. (2012). Intracellular ATP levels are a pivotal
determinant of chemoresistance in colon cancer
cells. Cancer Res; 72(1):304-14. [CrossRef]

[PubMed]

Zhou M, Zhao Y, Ding Y, Liu H, Liu Z, Fodstad O,
et al. (2010). Warburg effect in chemosensitivity:
targeting lactate dehydrogenase-A re-sensitizes
taxol-resistant cancer cells to taxol. Mol Cancer;
9:33. [CrossRef]  [PubMed]

Pellegatti P, Raffaghello L, Bianchi G, Piccardi F,
Pistoia V, Di Virgilio F (2008). Increased level of
extracellular ATP at tumor sites: in vivo imaging
with plasma membrane luciferase. PLoS One;
3(7):€2599. [CrossRef] [PubMed]

Wang X, Li Y, Qian Y, Cao Y, Shriwas P, Zhang
H, etal. (2017). Extracellular ATP, as an energy and
phosphorylating molecule, induces different types
of drug resistances in cancer cells through ATP
internalization and intracellular ATP level increase.
Oncotarget; 8(50):87860-77. [CrossRef]

[PubMed]

EL Andaloussi S, Méger |, Breakefield XO, Wood
MJ (2013). Extracellular vesicles: biology and
emerging therapeutic opportunities. Nat Rev Drug
Discov; 12(5):347-57. [CrossRef]  [PubMed]

Moller A, Lobb RJ (2020). The evolving
translational potential of small extracellular vesicles
in cancer. Nat Rev Cancer; 20(12):697-709.
[CrossRef]

Turchinovich A, Weiz L, Langheinz A, Burwinkel
B (2011). Characterization of extracellular
circulating microRNA. Nucleic Acids Res;
39(16):7223-33. [CrossRef] [PubMed]

Liu T, Chen G, Sun D, Lei M, Li Y, Zhou C, et al.
(2017). Exosomes containing miR-21 transfer the
characteristic of cisplatin resistance by targeting
PTEN and PDCD4 in oral squamous cell
carcinoma. Acta Biochim Biophys Sin (Shanghai);
49(9):808-16. [CrossRef]  [PubMed]

Citation: Mishra R (2023). Treatment failure shortcomings, possible causes and upcoming phyto-optimism in oral cancer.
T Appl Biol Chem J; 4(1):4-27. https:/ / doi.org/10.52679/ tabcj.2023.0002


https://doi.org/10.1093/nar/gkw036
https://pubmed.ncbi.nlm.nih.gov/26819410
https://doi.org/10.1038/onc.2010.339
https://pubmed.ncbi.nlm.nih.gov/20729916/
https://doi.org/10.18632/oncotarget.11432
https://pubmed.ncbi.nlm.nih.gov/27557511/
https://doi.org/10.3390/ijms18112362
https://pubmed.ncbi.nlm.nih.gov/29117122/
https://doi.org/10.1038/nature05630
https://pubmed.ncbi.nlm.nih.gov/17429392/
https://doi.org/10.3390/ijms21093233
https://pubmed.ncbi.nlm.nih.gov/32370233/
https://doi.org/10.7150/jca.19079
https://pubmed.ncbi.nlm.nih.gov/28819436
https://doi.org/10.1038/nature09267
https://pubmed.ncbi.nlm.nih.gov/20703300/
https://doi.org/10.1186/s13148-018-0587-8
https://pubmed.ncbi.nlm.nih.gov/30744689/
https://doi.org/10.1016/j.apsb.2016.09.002
https://pubmed.ncbi.nlm.nih.gov/28119807
https://doi.org/10.4149/neo_2020_191029n1102
https://pubmed.ncbi.nlm.nih.gov/32787433/
https://doi.org/10.3389/fonc.2020.00047
https://pubmed.ncbi.nlm.nih.gov/32083004/
https://pubmed.ncbi.nlm.nih.gov/31933761
https://doi.org/10.1186/s13046-021-01834-9
https://pubmed.ncbi.nlm.nih.gov/33485367/
https://doi.org/10.1007/s00775-012-0960-6
https://pubmed.ncbi.nlm.nih.gov/23183891/
https://doi.org/10.1158/0008-5472.can-11-1674
https://pubmed.ncbi.nlm.nih.gov/22084398/
https://doi.org/10.1186/1476-4598-9-33
https://pubmed.ncbi.nlm.nih.gov/20144215/
https://doi.org/10.1371/journal.pone.0002599
https://pubmed.ncbi.nlm.nih.gov/18612415/
https://doi.org/10.18632/oncotarget.21231
https://pubmed.ncbi.nlm.nih.gov/29152126/
https://doi.org/10.1038/nrd3978
https://pubmed.ncbi.nlm.nih.gov/23584393/
https://doi.org/10.1038/s41568-020-00299-w
https://doi.org/10.1093/nar/gkr254
https://pubmed.ncbi.nlm.nih.gov/21609964/
https://doi.org/10.1093/abbs/gmx078
https://pubmed.ncbi.nlm.nih.gov/28910982/

23

[195]

[196]

[197]

[198]

[199]

[200]

[201]

[202]

[203]

[204]

[205]

Qiu F, Qiao B, Zhang N, Fang Z, Feng L, Zhang S,
et al (2021). Blocking  circ-SCMH1
(hsa_circ_0011946) suppresses acquired DDP
resistance of oral squamous cell carcinoma (OSCC)
cells both in vitro and in vivo by sponging miR-338-
3p and regulating LIN28B. Cancer Cell Int;

21(1):412. [CrossRef] [PubMed]

Qin X, Guo H, Wang X, Zhu X, Yan M, Wang X,
et al. (2019). Exosomal miR-196a derived from
cancer-associated fibroblasts confers cisplatin
resistance in head and neck cancer through targeting
CDKN1B and ING5. Genome Biol; 20(1):12.

[CrossRef] [PubMed]

Lv MM, Zhu XY, Chen WX, Zhong SL, Hu Q, Ma
TF, etal. (2014). Exosomes mediate drug resistance
transfer in MCF-7 breast cancer cells and a probable
mechanism is delivery of P-glycoprotein. Tumour
Biol; 35(11):10773-9. [CrossRef] [PubMed]

Progida C, Bakke O (2016). Bidirectional traffic
between the Golgi and the endosomes - machineries

and regulation. J Cell Sci; 129(21):3971-82.
[CrossRef] [PubMed]

Yoshizawa K, Nozaki S, Kitahara H, Ohara T, Kato
K, Kawashiri S, et al. (2007). Copper efflux
transporter (ATP7B) contributes to the acquisition
of cisplatin-resistance in human oral squamous cell
lines. Oncol Rep; 18(4):987-91. [PubMed]

Pamarthy S, Kulshrestha A, Katara GK, Beaman
KD (2018). The curious case of vacuolar ATPase:
regulation of signaling pathways. Mol Cancer;

17(1):41. [CrossRef] [PubMed]

Kiyoshima T, Yoshida H, Wada H, Nagata K,
Fujiwara H, Kihara M, et al. (2013).
Chemoresistance to concanamycin Al in human
oral squamous cell carcinoma is attenuated by an
HDAC inhibitor partly via suppression of Bcl-2
expression. PLoS One; 8(11):e80998. [CrossRef]

[PubMed]

Becelli R, Renzi G, Morello R, Altieri F (2007).
Intracellular  and  extracellular  tumor pH
measurement in a series of patients with oral cancer.
J Craniofac Surg; 18(5):1051-4. [CrossRef]

[PubMed]

Boing AN, Stap J, Hau CM, Afink GB, Ris-Stalpers
C, Reits EA, Sturk A, van Noorden CJ, Nieuwland
R (2013). Active caspase-3 is removed from cells
by release of caspase-3-enriched vesicles. Biochim

Biophys Acta; 1833(8):1844-52. [CrossRef]
[PubMed]

Wang J, Hendrix A, Hernot S, Lemaire M, De
Bruyne E, Van Valckenborgh E, et al. (2014). Bone
marrow stromal cell-derived exosomes as
communicators in drug resistance in multiple

myeloma cells. Blood. 2014;124(4):555-66.
[CrossRef] [PubMed]

Sears CR, Turchi JJ (2012). Complex cisplatin-
double strand break (DSB) lesions directly impair

[206]

[207]

[208]

[209]

[210]

[211]

[212]

[213]

[214]

[215]

[216]

Phyto-optimism for therapy-resistant OSCC

cellular non-homologous end-joining (NHEJ)
independent of downstream damage response
(DDR) pathways. J Biol Chem; 287(29):24263-72.
[CrossRef] [PubMed]

Rocha CRR, Silva MM, Quinet A, Cabral-Neto JB,
Menck CFM (2018). DNA repair pathways and
cisplatin resistance: an intimate relationship.
Clinics (Sao Paulo); 73(suppl 1):e478s. [CrossRef]

[PubMed]

Kothandapani A, Dangeti VS, Brown AR, Banze
LA, Wang XH, Sobol RW, et al. (2011). Novel role
of base excision repair in mediating cisplatin
cytotoxicity. J Biol Chem; 286(16):14564-74.
[CrossRef] [PubMed]

Yousafzai NA, Wang H, Wang Z, Zhu Y, Zhu L,
Jin H, et al. (2018). Exosome mediated multidrug
resistance in cancer. Am J Cancer Res; 8(11):2210-

26. [PubMed]

Nath S, Roychoudhury S, Kling MJ, Song H,
Biswas P, Shukla A, et al. (2017). The extracellular
role of DNA damage repair protein APEL in
regulation of IL-6 expression. Cell Signal; 39:18-
31. [CrossRef] [PubMed]

Mutschelknaus L, Peters C, Winkler K, Yentrapalli
R, Heider T, Atkinson MJ, et al. (2016). Exosomes
derived from squamous head and neck cancer
promote cell survival after ionizing radiation. PLoS
One; 11(3):e0152213. [CrossRef]  [PubMed]

Momen-Heravi F, Bala S (2018). Extracellular
vesicles in oral squamous carcinoma carry
oncogenic  miRNA profile and reprogram
monocytes via NF-xB pathway. Oncotarget;
9(78):34838-54. [CrossRef] [PubMed]

Cai J, Qiao B, Gao N, Lin N, He W (2019). Oral
squamous cell carcinoma-derived exosomes
promote M2 subtype macrophage polarization
mediated by exosome-enclosed miR-29a-3p. Am J
Physiol Cell Physiol;  316(5):C731-C40.
[CrossRef] [PubMed]

Nieto MA, Huang RY, Jackson RA, Thiery JP
(2016). Emt: 2016. Cell; 166(1):21-45. [CrossRef]

[PubMed]

Ling Z, Cheng B, Tao X (2021). Epithelial-to-
mesenchymal transition in oral squamous cell
carcinoma: Challenges and opportunities. Int J
Cancer; 148(7):1548-61. [CrossRef] [PubMed]

Wan'Y, Liu H, Zhang M, Huang Z, Zhou H, Zhu Y,
et al. (2020). Prognostic value of epithelial-
mesenchymal transition-inducing  transcription
factors in head and neck squamous cell carcinoma:
A meta-analysis. Head Neck; 42(5):1067-76.
[CrossRef] [PubMed]

Xu J, Liao K, Zhou W (2018). Exosomes regulate
the transformation of cancer cells in cancer stem
cell homeostasis. Stem Cells Int; 2018:4837370.
[CrossRef] [PubMed]

Citation: Mishra R (2023). Treatment failure shortcomings, possible causes and upcoming phyto-optimism in oral cancer.
T Appl Biol Chem J; 4(1):4-27. https:/ / doi.org/10.52679/ tabcj.2023.0002


https://doi.org/10.1186/s12935-021-02110-8
https://pubmed.ncbi.nlm.nih.gov/34353342/
https://doi.org/10.1186/s13059-018-1604-0
https://pubmed.ncbi.nlm.nih.gov/30642385/
https://doi.org/10.1007/s13277-014-2377-z
https://pubmed.ncbi.nlm.nih.gov/25077924/
https://doi.org/10.1242/jcs.185702
https://pubmed.ncbi.nlm.nih.gov/27802132/
https://pubmed.ncbi.nlm.nih.gov/17786364/
https://doi.org/10.1186/s12943-018-0811-3
https://pubmed.ncbi.nlm.nih.gov/29448933/
https://doi.org/10.1371/journal.pone.0080998
https://pubmed.ncbi.nlm.nih.gov/24278362/
https://doi.org/10.1097/scs.0b013e3180de63eb
https://pubmed.ncbi.nlm.nih.gov/17912080/
https://doi.org/10.1016/j.bbamcr.2013.03.013
https://pubmed.ncbi.nlm.nih.gov/23531593/
https://doi.org/10.1182/blood-2014-03-562439
https://pubmed.ncbi.nlm.nih.gov/24928860/
https://doi.org/10.1074/jbc.m112.344911
https://pubmed.ncbi.nlm.nih.gov/22621925/
https://doi.org/10.6061/clinics/2018/e478s
https://pubmed.ncbi.nlm.nih.gov/30208165
https://doi.org/10.1074/jbc.M111.225375
https://pubmed.ncbi.nlm.nih.gov/21357694
https://pubmed.ncbi.nlm.nih.gov/30555739
https://doi.org/10.1016/j.cellsig.2017.07.019
https://pubmed.ncbi.nlm.nih.gov/28751279/
https://doi.org/10.1371/journal.pone.0152213
https://pubmed.ncbi.nlm.nih.gov/27006994/
https://doi.org/10.18632/oncotarget.26208
https://pubmed.ncbi.nlm.nih.gov/30410681/
https://doi.org/10.1152/ajpcell.00366.2018
https://pubmed.ncbi.nlm.nih.gov/30811223/
https://doi.org/10.1016/j.cell.2016.06.028
https://pubmed.ncbi.nlm.nih.gov/27368099/
https://doi.org/10.1002/ijc.33352
https://pubmed.ncbi.nlm.nih.gov/33091960/
https://doi.org/10.1002/hed.26104
https://pubmed.ncbi.nlm.nih.gov/32048783/
https://doi.org/10.1155/2018/4837370
https://pubmed.ncbi.nlm.nih.gov/30344611/

Mishra

[217]

[218]

[219]

[220]

[221]

[222]

[223]

[224]

[225]

[226]

[227]

Mishra L, Singh BB, Dagenais S (2001). Ayurveda:
a historical perspective and principles of the
traditional healthcare system in India. Altern Ther
Health Med; 7(2):36-42. [PubMed]

Kuldeep C, Neha D, Ranjita E, Ekta D, Kumar BB
(2021). Ayurveda in early life to prevent
noncommunicable diseases from epigenetical

alterations. Altern Ther Health Med; 27(2):48-52.
[PubMed]

Yang Y, Zhang Z, Li S, Ye X, Li X, He K (2014).
Synergy effects of herb extracts: pharmacokinetics
and pharmacodynamic basis. Fitoterapia; 92:133-
47. [CrossRef] [PubMed]

Tanagala KKK, Baba AB, Kowshik J, Reddy GB,
Nagini S (2018). Gedunin, a neem limonoid in
combination with epalrestat inhibits cancer
hallmarks by attenuating aldose reductase-driven
oncogenic signaling in SCC131 oral cancer cells.
Anticancer Agents Med Chem; 18(14):2042-52.

[CrossRef] [PubMed]

Agrawal S, Bablani Popli D, Sircar K, Chowdhry A
(2020). A review of the anticancer activity of
Azadirachta indica (neem) in oral cancer. J Oral
Biol Craniofac Res; 10(2):206-9. [CrossRef]

[PubMed]

Xu Z, Huang CM, Shao Z, Zhao XP, Wang M, Yan
TL, et al. (2017). Autophagy induced by areca nut
extract contributes to decreasing cisplatin toxicity
in oral squamous cell carcinoma cells: Roles of
reactive oxygen species/AMPK signaling. Int J Mol
Sci; 18(3):524. [CrossRef] [PubMed]

Sur S, Nakanishi H, Flaveny C, et al. (2019).
Inhibition of the key metabolic pathways,
glycolysis and lipogenesis, of oral cancer by bitter
melon extract. Cell Commun Signal; 17(1):131.

[CrossRef] [PubMed]

Yang M, Luo Q, Chen X, Chen F (2021). Bitter
melon derived extracellular vesicles enhance the
therapeutic effects and reduce the drug resistance of
5-fluorouracil on oral squamous cell carcinoma. J
Nanobiotechnol, 19(1):259. [CrossRef]

[PubMed]

Liu YT, Chuang YC, Lo YS, Lin CC, et al. (2020).
Asiatic acid, extracted from Centella asiatica and
induces  apoptosis  pathway  through the
phosphorylation p38 mitogen-activated protein

kinase in cisplatin-resistant nasopharyngeal
carcinoma cells.  Biomolecules;  10(2):184.
[CrossRef] [PubMed]

Lin FZ, Wang SC, Hsi YT, Lo YS, et al. (2019).
Celastrol induces vincristine multidrug resistance
oral cancer cell apoptosis by targeting JNK1/2

signaling  pathway. Phytomedicine; 54:1-8.
[CrossRef] [PubMed]

Yang CY, Hsieh CC, Lin CK, et al. (2017). Danshen
extract circumvents drug resistance and represses
cell growth in human oral cancer cells. BMC

[228]

[229]

[230]

[231]

[232]

[233]

[234]

[235]

[236]

[237]

24

Complement Altern Med; 17(1):555. [CrossRef]
[PubMed]

Roma MI, Schiariti Lampropulos VE, Ayllon-
Cabrera |, Salazar Sanabria AN, Lépez Nigro MM,
Peroni RN, Carballo MA (2019). Modulation of
hepatic ABC transporters by Eruca vesicaria
intake: Potential diet-drug interactions. Food Chem
Toxicol; 133:110797. [CrossRef] [PubMed]

Sidhu P, Shankargouda S, Rath A, Hesarghatta
Ramamurthy P, Fernandes B, Kumar Singh A
(2020). Therapeutic benefits of liquorice in
dentistry. J Ayurveda Integr Med; 11(1):82-8.
[CrossRef] [PubMed]

Huang XF, Chang KF, Lee SC, Li CY, Liao HH,
Hsieh MC, et al. (2020). Extract of Juniperus indica
bertol synergizes with cisplatin to inhibit oral
cancer cell growth via repression of cell cycle
progression and activation of the caspase cascade.
Molecules; 25(12):2746. [CrossRef] [PubMed]

Janardhanan S, Mahendra J, Mahendra L,
Devarajan N (2020). Cytotoxic effects of
mangosteen pericarp extracts on oral cancer and
cervical cancer cells. Asian Pac J Cancer Prey;
21(9):2577-83. [CrossRef] [PubMed]

Utispan K, Niyomtham N, Yingyongnarongkul BE,
Koontongkaew S (2020). Ethanolic extract of
Ocimum sanctum leaves reduced invasion and
matrix metalloproteinase activity of head and neck
cancer cell lines. Asian Pac J Cancer Prey;
21(2):363-70. [CrossRef]  [PubMed]

Wang YL, Horng CT, Hsieh MT, Chen HC, Huang
YS, Yang JS, et al. (2019). Autophagy and
apoptotic machinery caused by Polygonum
cuspidatum extract in cisplatinresistant human oral
cancer CAR cells. Oncol Rep; 41(4):2549-57.
[CrossRef] [PubMed]

Xue D, Zhou X, Qiu J (2021). Cytotoxicity
mechanisms of plumbagin in drug-resistant tongue
squamous cell carcinoma. J Pharm Pharmacol;
73(1):98-109. [CrossRef]  [PubMed]

Bae JK, Kim YJ, Chae HS, Kim DY, Choi HS, Chin
YW, et al. (2017). Korean red ginseng extract
enhances paclitaxel distribution to mammary
tumors and its oral bioavailability by P-
glycoprotein inhibition. Xenobiotica; 47(5):450-9.
[CrossRef] [PubMed]

Choi BB, Choi JH, Park SR, Kim JY, Hong JW,
Kim GC (2015). Scutellariae radix induces
apoptosis in chemoresistant SCC-25 human tongue
squamous carcinoma cells. Am J Chin Med,;
43(1):167-81. [CrossRef]  [PubMed]

Jagadeeshan S, David D, Jisha S, Manjula S, Asha
Nair S (2017). Solanum nigrum unripe fruit fraction
attenuates Adriamycin resistance by down-
regulating multi-drug resistance protein (Mdr)-1
through Jak-STAT pathway. BMC Complement
Altern Med; 17(1):370. [CrossRef]  [PubMed]

Citation: Mishra R (2023). Treatment failure shortcomings, possible causes and upcoming phyto-optimism in oral cancer.
T Appl Biol Chem J; 4(1):4-27. https:/ / doi.org/10.52679/ tabcj.2023.0002


https://pubmed.ncbi.nlm.nih.gov/11253415/
https://pubmed.ncbi.nlm.nih.gov/32619201/
https://doi.org/10.1016/j.fitote.2013.10.010
https://pubmed.ncbi.nlm.nih.gov/24177191/
https://doi.org/10.2174/1871520618666180731093433
https://pubmed.ncbi.nlm.nih.gov/30062975/
https://doi.org/10.1016/j.jobcr.2020.04.007
https://pubmed.ncbi.nlm.nih.gov/32489822
https://doi.org/10.3390/ijms18030524
https://pubmed.ncbi.nlm.nih.gov/28257034/
https://doi.org/10.1186/s12964-019-0447-y
https://pubmed.ncbi.nlm.nih.gov/31638999/
https://doi.org/10.1186/s12951-021-00995-1
https://pubmed.ncbi.nlm.nih.gov/34454534/
https://doi.org/10.3390/biom10020184
https://pubmed.ncbi.nlm.nih.gov/31991751/
https://doi.org/10.1016/j.phymed.2018.09.181
https://pubmed.ncbi.nlm.nih.gov/30668359/
https://doi.org/10.1186/s12906-017-2063-y
https://pubmed.ncbi.nlm.nih.gov/29284481/
https://doi.org/10.1016/j.fct.2019.110797
https://pubmed.ncbi.nlm.nih.gov/31479713/
https://doi.org/10.1016/j.jaim.2017.12.004
https://pubmed.ncbi.nlm.nih.gov/30391123/
https://doi.org/10.3390/molecules25122746
https://pubmed.ncbi.nlm.nih.gov/32545807/
https://doi.org/10.31557/apjcp.2020.21.9.2577
https://pubmed.ncbi.nlm.nih.gov/32986355/
https://doi.org/10.31557/apjcp.2020.21.2.363
https://pubmed.ncbi.nlm.nih.gov/32102512/
https://doi.org/10.3892/or.2019.6985
https://pubmed.ncbi.nlm.nih.gov/30720102/
https://doi.org/10.1093/jpp/rgaa027
https://pubmed.ncbi.nlm.nih.gov/33791802/
https://doi.org/10.1080/00498254.2016.1182233
https://pubmed.ncbi.nlm.nih.gov/27189791/
https://doi.org/10.1142/s0192415x15500111
https://pubmed.ncbi.nlm.nih.gov/25640848/
https://doi.org/10.1186/s12906-017-1872-3
https://pubmed.ncbi.nlm.nih.gov/28720093/

25

[238]

[239]

[240]

[241]

[242]

[243]

[244]

[245]

[246]

[247]

[248]

Appadath Beeran A, Maliyakkal N, Rao CM,
Udupa N (2014). The enriched fraction of Vernonia
cinerea L. induces apoptosis and inhibits multi-drug
resistance transporters in human epithelial cancer

cells. J Ethnopharmacol; 158 Pt A:33-42.
[CrossRef] [PubMed]

Baba AB, Kowshik J, Krishnaraj J, Sophia J, Dixit
M, Nagini S (2016). Blueberry inhibits invasion and
angiogenesis in 7,12-dimethylbenz[a]anthracene
(DMBA)-induced oral squamous cell
carcinogenesis in hamsters via suppression of TGF-
B and NF-«B signaling pathways. J Nutr Biochem;

35:37-47. [CrossRef] [PubMed]

Chatelain K, Phippen S, McCabe J, et al. (2011).
Cranberry and grape seed extracts inhibit the
proliferative phenotype of oral squamous cell
carcinomas. Evid Based Complement Alternat Med;
2011:467691. [CrossRef]  [PubMed]

Kumar P, Sharma R, Garg N (2022). Withania
somnifera - a magic plant targeting multiple

pathways in cancer related inflammation.
Phytomedicine; 101:154137. [CrossRef]
[PubMed]

Saggam A, Tillu G, Dixit S, et al. (2020). Withania
somnifera (L.) Dunal: A potential therapeutic
adjuvant in cancer. J Ethnopharmacol; 255:112759.

[CrossRef] [PubMed]

Peng CY, Yu CC, Huang CC, et al. (2022).
Magnolol inhibits cancer stemness and IL-6/Stat3
signaling in oral carcinomas. J Formos Med Assoc;
121(1 Pt 1):51-57. [CrossRef] [PubMed]

Yang H, Wei YC, Li WC, Chen HY, Lin HY,
Chiang CP, et al. (2020). Natural compounds
modulate drug transporter mediated oral cancer
treatment. Biomolecules; 10(9):1335. [CrossRef]

[PubMed]

Chen L, Guo X, Hu Y, Li L, Liang G, Zhang G
(2020).  Epigallocatechin-3-gallate  sensitises
multidrug-resistant oral carcinoma xenografts to
vincristine sulfate. FEBS Open Bio; 10(7):1403-13.

[CrossRef] [PubMed]

Yuan CH, Horng CT, Lee CF, Chiang NN, Tsai FJ,
Lu CC, et al. (2017). Epigallocatechin gallate
sensitizes cisplatin-resistant oral cancer CAR cell
apoptosis and autophagy through stimulating
AKT/STAT3 pathway and suppressing multidrug
resistance 1 signaling. Environ Toxicol; 32(3):845-
55. [CrossRef] [PubMed]

Lee SH, Nam HJ, Kang HJ, Kwon HW, Lim YC
(2013). Epigallocatechin-3-gallate attenuates head
and neck cancer stem cell traits through suppression
of Notch pathway. Eur J Cancer; 49(15):3210-8.

[CrossRef] [PubMed]

Chang HP, Lu CC, Chiang JH, Tsai FJ, et al. (2018).
Pterostiloene modulates the suppression of
multidrug resistance protein 1 and triggers
autophagic and apoptotic mechanisms in cisplatin-

[249]

[250]

[251]

[252]

[253]

[254]

[255]

[256]

[257]

[258]

Phyto-optimism for therapy-resistant OSCC

resistant human oral cancer CAR cells via AKT
signaling. Int J Oncol; 52(5):1504-14. [CrossRef]

[PubMed]

Chang CH, Lee CY, Lu CC, Tsai FJ, Hsu YM, Tsao
JW, et al. (2017). Resveratrol-induced autophagy
and apoptosis in cisplatin-resistant human oral
cancer CAR cells: A key role of AMPK and
Akt/mTOR signaling. Int J Oncol; 50(3):873-82.
[CrossRef] [PubMed]

Chang PY, Peng SF, Lee CY, et al. (2013).
Curcumin-loaded nanoparticles induce apoptotic
cell death through regulation of the function of
MDR1 and reactive oxygen species in cisplatin-
resistant CAR human oral cancer cells. Int J Oncol;
43(4):1141-50. [CrossRef] [PubMed]

Pearson HE, lida M, Orbuch RA, et al. (2018).
Overcoming resistance to cetuximab with honokiol,
a small-molecule polyphenol. Mol Cancer Ther;
17(1):204-14. [CrossRef]  [PubMed]

Chen SF, Nien S, Wu CH, Liu CL, Chang YC, Lin
YS (2013). Reappraisal of the anticancer efficacy of
quercetin in oral cancer cells. J Chin Med Assoc;
76(3):146-52. [CrossRef]  [PubMed]

Chang YC, Jan ClI, Peng CY, Lai YC, Hu FW, Yu
CC (2015). Activation of microRNA-494-targeting
Bmil and ADAM10 by silibinin ablates cancer
stemness and predicts favourable prognostic value
in head and neck squamous cell carcinomas.
Oncotarget; 6(27):24002-16. [CrossRef]

[PubMed]

Catalan M, Rodriguez C, Olmedo I, Carrasco-Rojas
J, et al. (2021). Kaempferol induces cell death and
sensitizes human head and neck squamous cell
carcinoma cell lines to cisplatin. Adv Exp Med Biol,
1326:95-109. [CrossRef] [PubMed]

Achmad H, Supriatno, Singgih MF, Hendrastuti H
(2016). Akt signal transduction pathways and
Nuclear Factor-kappa B (NF-xB) transcription as a
molecular target of oral tongue squamous cell
carcinoma (SP-C1) using Papua's anthill plant
(Myrmecodia pendans). Pak J Biol Sci; 19(8-
9):323-30. [CrossRef] [PubMed]

Paluszczak J, Krajka-Kuzniak V, et al. (2011).
Frequent gene hypermethylation in laryngeal cancer
cell lines and the resistance to demethylation
induction by plant polyphenols. Toxicol In Vitro;
25(1):213-21. [CrossRef]  [PubMed]

Malikova J, Swaczynova J, Kolar Z, Strnad M
(2008). Anticancer and antiproliferative activity of
natural brassinosteroids. Phytochemistry;
69(2):418-26. [CrossRef]  [PubMed]

Obakan P, Barrero C, Coker-Gurkan A, et al.
(2015). SILAC-based mass spectrometry analysis
reveals that epibrassinolide induces apoptosis via
activating endoplasmic reticulum stress in prostate
cancer cells. PLoS One; 10(9):e0135788.
[CrossRef] [PubMed]

Citation: Mishra R (2023). Treatment failure shortcomings, possible causes and upcoming phyto-optimism in oral cancer.
T Appl Biol Chem J; 4(1):4-27. https:/ / doi.org/10.52679/ tabcj.2023.0002


https://doi.org/10.1016/j.jep.2014.10.010
https://pubmed.ncbi.nlm.nih.gov/25456421/
https://doi.org/10.1016/j.jnutbio.2016.06.002
https://pubmed.ncbi.nlm.nih.gov/27371785/
https://doi.org/10.1093/ecam/nen047
https://pubmed.ncbi.nlm.nih.gov/18955355
https://doi.org/10.1016/j.phymed.2022.154137
https://pubmed.ncbi.nlm.nih.gov/35533610/
https://doi.org/10.1016/j.jep.2020.112759
https://pubmed.ncbi.nlm.nih.gov/32173425/
https://doi.org/10.1016/j.jfma.2021.01.009
https://pubmed.ncbi.nlm.nih.gov/33551310/
https://doi.org/10.3390/biom10091335
https://pubmed.ncbi.nlm.nih.gov/32957726/
https://doi.org/10.1002/2211-5463.12905
https://pubmed.ncbi.nlm.nih.gov/32475087/
https://doi.org/10.1002/tox.22284
https://pubmed.ncbi.nlm.nih.gov/27200496/
https://doi.org/10.1016/j.ejca.2013.06.025
https://pubmed.ncbi.nlm.nih.gov/23876835/
https://doi.org/10.3892/ijo.2018.4298
https://pubmed.ncbi.nlm.nih.gov/29512708/
https://doi.org/10.3892/ijo.2017.3866
https://pubmed.ncbi.nlm.nih.gov/28197628/
https://doi.org/10.3892/ijo.2013.2050
https://pubmed.ncbi.nlm.nih.gov/23917396/
https://doi.org/10.1158/1535-7163.MCT-17-0384
https://pubmed.ncbi.nlm.nih.gov/29054984
https://doi.org/10.1016/j.jcma.2012.11.008
https://pubmed.ncbi.nlm.nih.gov/23497967/
https://doi.org/10.18632/oncotarget.4365
https://pubmed.ncbi.nlm.nih.gov/26090866/
https://doi.org/10.1007/5584_2020_603
https://pubmed.ncbi.nlm.nih.gov/33368015/
https://doi.org/10.3923/pjbs.2016.323.330
https://pubmed.ncbi.nlm.nih.gov/29023018/
https://doi.org/10.1016/j.tiv.2010.11.003
https://pubmed.ncbi.nlm.nih.gov/21078381/
https://doi.org/10.1016/j.phytochem.2007.07.028
https://pubmed.ncbi.nlm.nih.gov/17869317/
https://doi.org/10.1371/journal.pone.0135788
https://pubmed.ncbi.nlm.nih.gov/26353013/

Mishra

[259]

[260]

[261]

[262]

[263]

[264]

[265]

[266]

[267]

[268]

[269]

Shatalova EG, Klein-Szanto AJ, Devarajan K,
Cukierman E, Clapper ML (2011). Estrogen and
cytochrome P450 1B1 contribute to both early- and
late-stage head and neck carcinogenesis. Cancer
Prev Res (Phila); 4(1):107-15. [CrossRef]

[PubMed]

Drake V, Bigelow E, Fakhry C, Windon M, et al.
(2021). Biologic and behavioral associations of
estrogen receptor alpha positivity in head and neck
squamous cell carcinoma. Oral Oncol; 121:105461.

[CrossRef] [PubMed]

Patel KB, Mroz EA, Faquin WC, Rocco JW (2021).
A combination of intra-tumor  genetic
heterogeneity, estrogen receptor alpha and human
papillomavirus status predicts outcomes in head and

neck squamous cell carcinoma following
chemoradiotherapy. Oral Oncol; 120:105421.
[CrossRef] [PubMed]

Takei RA, Tomihara K, Yamazaki M, et al. (2021).
Protumor role of estrogen receptor expression in
oral squamous cell carcinoma cells. Oral Surg Oral
Med Oral Pathol Oral Radiol; 132(5):549-65.

[CrossRef] [PubMed]

De Oliveira Neto CP, Brito HO, RMG Da Costa,
Brito LMO (2021). Is there a role for sex hormone
receptors in head-and-neck cancer? Links with hpv
infection and prognosis.  Anticancer Res;
41(8):3707-16. [CrossRef] [PubMed]

Ketkaew Y, Osathanon T, Pavasant P, Sooampon S
(2017). Apigenin inhibited hypoxia induced stem
cell marker expression in a head and neck squamous
cell carcinoma cell line. Arch Oral Biol; 74:69-74.

[CrossRef] [PubMed]

Boeckx C, Blockx L, de Beeck KO, et al. (2015).
Establishment and characterization of cetuximab
resistant head and neck squamous cell carcinoma
cell lines: Focus on the contribution of the AP-1
transcription factor. Am J Cancer Res; 5(6):1921-

38. [PubMed]

Ohnishi Y, Sakamoto T, Zhengguang L, et al.
(2020). Curcumin inhibits epithelial-mesenchymal
transition in oral cancer cells via c-Met blockade.

Oncol Lett; 19(6):4177-82. [CrossRef]
[PubMed]

Zhao C, Yang Y, Cui X, Shan Y, et al. (2022). Self-
powered electrical impulse chemotherapy for oral
squamous cell carcinoma. Materials (Basel);
15(6):2060. [CrossRef] [PubMed]

Celentano A, McCullough M, Cirillo N (2019).
Glucocorticoids reduce chemotherapeutic
effectiveness on OSCC cells via glucose-dependent

mechanisms. J Cell Physiol; 234(3):2013-20.
[CrossRef] [PubMed]

Saiyin W, Wang D, Li L, Zhu L, et al. (2014).
Sequential release of autophagy inhibitor and
chemotherapeutic drug with polymeric delivery
system for oral squamous cell carcinoma therapy.

[270]

[271]

[272]

[273]

[274]

[275]

[276]

[277]

[278]

[279]

26

Mol Pharm;11(5):1662-75.
[PubMed]

Huang WC, Jang TH, Tung SL, et al. (2019). A
novel miR-365-3p/EHF/keratin 16 axis promotes
oral squamous cell carcinoma metastasis, cancer
stemness and drug resistance via enhancing B5-
integrin/c-met signaling pathway. J Exp Clin
Cancer Res; 38(1):89. [CrossRef]  [PubMed]

Chang MT, Lee SP, Fang CY, Hsieh PL, et al.
(2018). Chemosensitizing effect of honokiol in oral
carcinoma stem cells via regulation of IL-6/Stat3
signaling.  Environ  Toxicol; 33(11):1105-12.
[CrossRef] [PubMed]

Chang PY, Tsai FJ, Bau DT, Hsu YM, et al. (2021).
Potential effects of allyl isothiocyanate on
inhibiting cellular proliferation and inducing
apoptotic pathway in human cisplatin-resistant oral
cancer cells. J Formos Med Assoc; 120(1 Pt 2):515-
23. [CrossRef] [PubMed]

Resendez A, Tailor D, Graves E, Malhotra SV
(2019). Radiosensitization of head and neck
squamous cell carcinoma (HNSCC) by a
podophyllotoxin. ACS Med Chem Lett; 10(9):1314-
21. [CrossRef] [PubMed]

Li X, Guo S, Xiong XK, Peng BY, et al. (2019).
Combination of quercetin and cisplatin enhances
apoptosis in OSCC cells by downregulating xIAP
through the NF-xB pathway. J Cancer;
10(19):4509-21. [CrossRef] [PubMed]

Uzawa K, Amelio AL, Kasamatsu A, et al. (2019).
Resveratrol targets urokinase-type plasminogen

[CrossRef]

activator  receptor expression to overcome
cetuximab-resistance in oral squamous cell
carcinoma. Sci Rep; 9(1):12179. [CrossRef]
[PubMed]

Chang WS, Tsai CW, Yang JS, et al. (2021).
Resveratrol inhibited the metastatic behaviors of
cisplatin-resistant human oral cancer cells via
phosphorylation of ERK/p-38 and suppression of
MMP-2/9. J Food Biochem; 45(6):e13666.
[CrossRef] [PubMed]

Elkashty OA, Tran SD (2020). Broccoli extract
increases drug-mediated cytotoxicity towards
cancer stem cells of head and neck squamous cell
carcinoma. Br J Cancer; 123(9):1395-403.
[CrossRef] [PubMed]

Chen CF, Yang JS, Chen WK, et al. (2018). Ursolic

acid elicits intrinsic apoptotic machinery by

downregulating the phosphorylation of AKT/BAD

signaling in human cisplatinresistant oral cancer

CAR cells. Oncol Rep; 40(3):1752-60. [CrossRef]
[PubMed]

Li Y, Zheng Y, Wang H (2021). Anticancer activity
of Vicenin-2 against 7,12
dimethylbenz[a]anthracene-induced buccal pouch
carcinoma in hamsters. J Biochem Mol Toxicol;
35(3):22673. [CrossRef]  [PubMed]

Citation: Mishra R (2023). Treatment failure shortcomings, possible causes and upcoming phyto-optimism in oral cancer.
T Appl Biol Chem J; 4(1):4-27. https:/ / doi.org/10.52679/ tabcj.2023.0002


https://doi.org/10.1158/1940-6207.capr-10-0133
https://pubmed.ncbi.nlm.nih.gov/21205741/
https://doi.org/10.1016/j.oraloncology.2021.105461
https://pubmed.ncbi.nlm.nih.gov/34304004/
https://doi.org/10.1016/j.oraloncology.2021.105421
https://pubmed.ncbi.nlm.nih.gov/34198234/
https://doi.org/10.1016/j.oooo.2021.04.006
https://pubmed.ncbi.nlm.nih.gov/34518137/
https://doi.org/10.21873/anticanres.15162
https://pubmed.ncbi.nlm.nih.gov/34281829/
https://doi.org/10.1016/j.archoralbio.2016.11.010
https://pubmed.ncbi.nlm.nih.gov/27886571/
https://pubmed.ncbi.nlm.nih.gov/26269754
https://doi.org/10.3892/ol.2020.11523
https://pubmed.ncbi.nlm.nih.gov/32391111/
https://doi.org/10.3390/ma15062060
https://pubmed.ncbi.nlm.nih.gov/35329513
https://doi.org/10.1002/jcp.27227
https://pubmed.ncbi.nlm.nih.gov/30240006/
https://doi.org/10.1021/mp5000423
https://pubmed.ncbi.nlm.nih.gov/24666011/
https://doi.org/10.1186/s13046-019-1091-5
https://pubmed.ncbi.nlm.nih.gov/30782177/
https://doi.org/10.1002/tox.22587
https://pubmed.ncbi.nlm.nih.gov/30076764/
https://doi.org/10.1016/j.jfma.2020.06.025
https://pubmed.ncbi.nlm.nih.gov/32624316/
https://doi.org/10.1021/acsmedchemlett.9b00270
https://pubmed.ncbi.nlm.nih.gov/31531203
https://doi.org/10.7150/jca.31045
https://pubmed.ncbi.nlm.nih.gov/31528215
https://doi.org/10.1038/s41598-019-48717-w
https://pubmed.ncbi.nlm.nih.gov/31434965/
https://doi.org/10.1111/jfbc.13666
https://pubmed.ncbi.nlm.nih.gov/34008860/
https://doi.org/10.1038/s41416-020-1025-1
https://pubmed.ncbi.nlm.nih.gov/32773768/
https://doi.org/10.3892/or.2018.6530
https://pubmed.ncbi.nlm.nih.gov/29956797/
https://doi.org/10.1002/jbt.22673
https://pubmed.ncbi.nlm.nih.gov/33314472/

27

[280]

[281]

[282]

[283]

[284]

[285]

[286]

[287]

[288]

Yu W, Chen Y, Putluri N, Coarfa C, Robertson MJ,
Putluri V, et al. (2020). Acquisition of cisplatin
resistance shifts head and neck squamous cell
carcinoma metabolism toward neutralization of
oxidative stress. Cancers (Basel); 12(6):1670.

[CrossRef] [PubMed]

Lopez-Verdin S, Lavalle-Carrasco J, Carreon-
Burciaga RG, Serafin-Higuera N, Molina-Frechero
N, Gonzalez-Gonzalez R, et al. (2018). Molecular
markers of anticancer drug resistance in head and
neck squamous cell carcinoma: A literature review.

Cancers (Basel);10(10):376. [CrossRef]
[PubMed]

Sindhu RK, Verma R, Salgotra T, Rahman MH,
Shah M, Akter R, et al. (2021). Impacting the
remedial potential of nano delivery-based
flavonoids for breast cancer treatment. Molecules;
26(17):5163. [CrossRef] [PubMed]

Prakash S, Radha, Kumar M, Kumari N, Thakur M,
Rathour S, et al. (2021). Plant-based antioxidant
extracts and compounds in the management of oral

cancer.  Antioxidants  (Basel);  10(9):1358.
[CrossRef] [PubMed]

Avinash Tejasvi ML, Maragathavalli G, Putcha
UK, Ramakrishna M, Vijayaraghavan R, Anulekha
Avinash CK (2020). Impact of ERCC1 gene
polymorphisms on response to cisplatin based
therapy in oral squamous cell carcinoma (OSCC)
patients. Indian J Pathol Microbiol; 63(4):538-43.

[CrossRef] [PubMed]
Guarrera S, Sacerdote C, Fiorini L, Marsala R,

Polidoro S, Gamberini S, et al. (2007). Expression
of DNA repair and metabolic genes in response to a

flavonoid-rich diet. Br J Nutr; 98(3):525-33.
[CrossRef] [PubMed]

Li QQ, Lee RX, Liang H, Wang G, Li JM, Zhong
Y, et al. (2013). B-Elemene enhances susceptibility
to cisplatin in resistant ovarian carcinoma cells via
downregulation of ERCC-1 and XIAP and
inactivation of JNK. Int J Oncol; 43(3):721-8.

[CrossRef] [PubMed]

Shriwas O, Priyadarshini M, Samal SK, Rath R,
Panda S, Das Majumdar SK, et al. (2020). DDX3
modulates cisplatin resistance in OSCC through
ALKBH5-mediated = m(6)A-demethylation  of
FOXM1 and NANOG. Apoptosis; 25(3-4):233-46.

[CrossRef] [PubMed]
Pramanik KK, Mishra R (2022). ERK-mediated

upregulation of matrix  metalloproteinase-2
promotes the invasiveness in human oral squamous

[289]

[290]

[291]

[292]

[293]

[294]

[295]

[296]

Phyto-optimism for therapy-resistant OSCC

cell carcinoma (OSCC). Exp Cell
411(1):112984. [CrossRef] [PubMed]

Tavares MO, Milan TM, Bighetti-Trevisan RL,
Leopoldino AM, de Almeida LO (2022).
Pharmacological inhibition of HDAC6 overcomes
cisplatin chemoresistance by targeting cancer stem
cells in oral squamous cell carcinoma. J Oral Pathol
Med; 51(6):529-37. [CrossRef] [PubMed]

Bourguignon LY, Wong G, Earle C, Chen L (2012).
Hyaluronan-CD44v3 interaction with Oct4-Sox2-
Nanog promotes miR-302 expression leading to
self-renewal, clonal formation, and cisplatin
resistance in cancer stem cells from head and neck
squamous cell carcinoma. J Biol Chem;
287(39):32800-24. [CrossRef] [PubMed]

Zittel S, Moratin J, Horn D, Metzger K, Ristow O,
Engel M, et al. (2022). Clinical outcome and
prognostic factors in recurrent oral squamous cell
carcinoma after primary surgical treatment: a
retrospective study. Clin Oral Investig; 26(2):2055-
64. [CrossRef] [PubMed]

Lin Y-W, Chen Y-F, Yang C-C, Ho C-H, Wu T-C,
Yen C-Y, et al. (2018). Patterns of failure after
postoperative intensity-modulated radiotherapy for
locally advanced buccal cancer: Initial masticator
space involvement is the key factor of recurrence.
Head  Neck;  40(12):2621-32.  [CrossRef]

[PubMed]

Bai Y, Sha J, Okui T, Moriyama |, Ngo HX,
Tatsumi H, et al. (2021). The epithelial-
mesenchymal transition influences the resistance of
oral squamous cell carcinoma to monoclonal
antibodies via its effect on energy homeostasis and
the tumor microenvironment. Cancers (Basel);
13(23):5905. [CrossRef] [PubMed]

Nath N, Rana A, Nagini S, Mishra R (2022).
Glycogen synthase kinase-3p inactivation promotes
cervical cancer progression, invasion, and drug
resistance. Biotechnol Appl Biochem; 69(5):1929-
41. [CrossRef] [PubMed]

Nagini S, Nivetha R, Palrasu M, Mishra R (2021).
Nimbolide, a neem limonoid, is a promising
candidate for the anticancer drug arsenal. J Med
Chem; 64(7):3560-77. [CrossRef]

Sutar KP, Shirkoli NS, Sutar PS, Kurangi BK,
Dandagi PM, Masareddy R (2022). Current novel
drug deliveries for oral cancer: A chronotherapeutic
approach. Curr Drug Deliv; 20(3):237-49.
[CrossRef] [PubMed]

Res;

Citation: Mishra R (2023). Treatment failure shortcomings, possible causes and upcoming phyto-optimism in oral cancer.
T Appl Biol Chem J; 4(1):4-27. https:/ / doi.org/10.52679/ tabcj.2023.0002


https://doi.org/10.3390/cancers12061670
https://pubmed.ncbi.nlm.nih.gov/32599707
https://doi.org/10.3390/cancers10100376
https://pubmed.ncbi.nlm.nih.gov/30308958/
https://doi.org/10.3390/molecules26175163
https://pubmed.ncbi.nlm.nih.gov/34500597/
https://doi.org/10.3390/antiox10091358
https://pubmed.ncbi.nlm.nih.gov/34572990
https://doi.org/10.4103/ijpm.ijpm_964_19
https://pubmed.ncbi.nlm.nih.gov/33154302/
https://doi.org/10.1017/s0007114507725151
https://pubmed.ncbi.nlm.nih.gov/17445347/
https://doi.org/10.3892/ijo.2013.1996
https://pubmed.ncbi.nlm.nih.gov/23817665/
https://doi.org/10.1007/s10495-020-01591-8
https://pubmed.ncbi.nlm.nih.gov/31974865/
https://doi.org/10.1016/j.yexcr.2021.112984
https://pubmed.ncbi.nlm.nih.gov/34951997/
https://doi.org/10.1111/jop.13326
https://pubmed.ncbi.nlm.nih.gov/35678235/
https://doi.org/10.1074/jbc.m111.308528
https://pubmed.ncbi.nlm.nih.gov/22847005/
https://doi.org/10.1007/s00784-021-04186-y
https://pubmed.ncbi.nlm.nih.gov/34581884
https://doi.org/10.1002/hed.25355
https://pubmed.ncbi.nlm.nih.gov/30421821
https://doi.org/10.3990/cancers13235905
https://pubmed.ncbi.nlm.nih.gov/34885013
https://doi.org/10.1002/bab.2258
https://pubmed.ncbi.nlm.nih.gov/34554598
https://doi.org/10.1021/acs.jmedchem.0c02239
https://doi.org/10.2174/1567201819666220408094520
https://pubmed.ncbi.nlm.nih.gov/35400343

