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INTRODUCTION

The development of cancer involves successive genetic and
epigenetic alterations that allow cells to escape
homeostatic controls that ordinarily suppress inappropriate
proliferation and inhibit the survival of aberrantly proliferating

cells outside their normal niches.
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Gain of function(GOF)

Complex interplay between the tumor cells and surrounding non-neoplastic cells and the
extracellular matrix (ECM).

DNA damage induced by environmental carcinogens or mutations arising from replication errors

These alterations confer a selective advantage to the cells, which together with changes in the
microenvironment, promote tumor growth and progression.

Gain-of-function mutations, producing so-called oncogenes that drive tumor formation.

Others inactivate tumor suppressor genes that normally ensure that cells do not proliferate
inappropriately or survive outside their normal niche.



GAIN OF FUNCTION MUTATION

o Driver mutation & passenger mutation
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Cell cycle restart

When cellular damage occurs. p53 arrests
the cell cycle until the damage is repaired.
If damage cannot be repaired, apoptosis
occurs,

Mutated p53 does not arrest the cell cycle.
The damaged cell continues to divide,

Cells can become cancerous

which may result in cancer.




GOF-MUTANT P53

o Cell proliferation

o Metastatsis

o Genomic instability

o Cell differenfiation and stemness

o Tumour microenvironment and immune response regulafion

o Cancer therapy resistance

Journal of Molecular Cell Biology, Volume 12, Issue 9, September 2020, Pages 674-687



Directly target mutant p53

Inducing mutant 3
p53 degradation

Adoplive T-cell therapy | ___ ‘I
against mutant p53

Restoring wild-type 3
p53 function

DNA-binding elements
of wild-type p53 target genes

Indirectly target mutant p53

Inhibition of the
interactions of mutant p53
and its binding partners

Targeting mutant p53
downstream pathways




TUMOUR MICRO ENVIRONMENT

Cross-talk within the cancer microenvironment cell-to-cell contact

1. adhesion molecules,
2. electrical coupling
3. passage through gap junctions,

4. indirect through classical paracrine signaling by cytokines, growth factors, and
extracellular vesicles.

Therapeutic approaches for modulation of cell-cell communication may be a promising
stfrategy to combat tumors.
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Communication in the Cancer Microenvironment as a Target for Therapeutic

Interventions
Cancers (Basel). 2020 May; 12(5): 1232
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IL-1RI anatagonist (Anakinra)

IL-4 inhibitor (Leflunomide; Vorinostat)
blocker of IL-6 signaling (Tocilizumab)
recombinant fusion proteins (L19IL2; L19TNF)
TGFPR inhibitor (Galunisertib)
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7281160/

Chromatin-regulating proteins as
fargets for cancer therapy

Journal of Radiation Research, 2014, 55, 613-628
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Fig. 1. Chromatin structure and its alteration by two distinct mechanisms: histone modification and chromatin
remodeling. (a) Structure of chromatin and nucleosome. (b) Examples of histone modification. Ac = acetylation,
PAR = poly-ADP-ribosylation, P = phosphorylation, SUMO = SUMOylation, Ub = ubiquitination. (¢) Chromatin
remodeling: DNA-loop formation (left) and nucleosome sliding (right).



Trastuzumab Emtansine for Residual
Invasive HER2-Positive Breast Cancer

N EnglJ Med 2019; 380:617-628

Rate of pneumonitis T-DM1, at 1.5% compared with 0.7%.(Transtuzumab)

“Radiation related skin injury” was reported in 25.4% of T-DM1 arm, compared to
27.6% on the trastuzumab arm.

Grade 1 and 2 radiation-related skin injury were significantly more common than Grade
3 toxicity, which was noted in 10 patients (1.4%) on the T-DM1, compared to 7 (1%) on
the trastuzumab arm.



Cyclin dependent kinase

o The CDK4/6 act at the G,-to-S cell cycle checkpoint.
o This checkpoint is tightly controlled by the D-type cyclins and CDK4 and CDK®.

o When CDK4 and CDKG6 are activated by D-type cyclins, they phosphorylate the retinoblastoma-
associated protein (pRb).

o This releases pRb’s suppression of the E2F transcription factor family and ultimately allows the cell to
proceed through the cell cycle and divide

o CDKs are upregulated by cyclins (A, B, D and E) and downregulated by cyclin-dependent kinase
inhibitors such as p16INK4a and p21Cipl



CDK4 &6 INHIBITOR

o PALOMA 3 TRIAL

palbociclib and fulvestrant (an ER antagonist) Vs placebo and fulvestrant for
women with ER+ HER2- metastatic breast cancer that have relapsed or progressed

during prior hormone therapy, Including a substantial portion of patients (33%) with prior
chemotherapy for metastatic disease.

The interim analysis of this study demonstrated a significantly improved median PFS (9.5
months Vs 4.6 months, respectively)



CKI

o Flavopirdol enhance cytotoxicity in glioblastoma cells was with temozolomide
o CKls suppressing the DNA repair mechanism at the G2/M phase of the cell cycle

o small molecule CGP 75414A induced cell cycle arrest and apoptosis in human
leukemic cell lines, and caused a modest G2/M arrest, apoptosis via Poly(ADP-ribose
Polymerase (PARP) cleavage and mitochondrial damage in U237 monocytic human
cancer cells by inhibiting the activity of CDK2 and CDK4

o small molecule (BA-12 and BP-14) of the roscovitine were shown to induce
accumulation of hepatocellular carcinoma cells in G2/M and S/G2 phases of the cell
cycle, suggesting that both BA-12 and BP-14 possess antiproliferative activity



Chemical component in peppers, capsaicin (that has known anti-tumor properties),
resulted in the degradation of mutated p&3 by activating autophagy and lead to cell
death in NSCLC cells

Many mutated p53 forms can stimulate (MTOR) and block autophagic processes that
could otherwise be tumor suppressive, leading to anti-apoptotic and pro-proliferative
responses in breast and pancreatic cancer

small peptides that prevent the ability of mutated p53 to bind to target proteins, and
such peptides enhanced the therapeutic effects of adriamycin and cisplatin by
inducing apoptosis

Destabllization of mutated p53 complexes could also be achieved in cancer cells using
small molecules PK-083 and PK-7088, resulting in activation of pro-apoptotic Noxa
expression and apoptosis.



AURORA —A KINASE

Aurora-A regulates cell cycle progression by regulating the spindle and mitotic checkpoints.
Its main functions are mitofic regulation, promotion of mitotic entry, and cell growth arrest .
Overexpression of Aurora-A is linked to breast, ovary, and colon tumors

Moreover, overexpression of Aurora-A has been associated with radio- and chemoresistance in
laryngeal cancer cells,cervical cancer and breast cancer.

Aurora-A has been suggested to induce chemoresistance in several cancers by reducing
apoptosis via activation of the NF-kB/miR-21/PTEN (phosphatase and tensin homolog) signaling
pathway and Akt through inhibition of the p53/PTEN cascade.



AKA-INHIBITOR

o Aurora-A kinase inhibitors currently used in preclinical and clinical studies include
MLN8054, PF-03814735, AS703569, MK-0457, MK-5108, MSC1992371A and MLN8237.

o small molecule inhibitors MLN8237 was effective in treating acute myelogenous
leukemia and chronic myelogenous leukemia in Phase Il trials when used in
combination with cytarabine and nilotinibo

o Another Aurora-A kinase inhibitor, MK-5108 (Phase 1), inhibits cell growth and induces
G2/M arrest in chemoresistant epithelial ovarian cancer stem cells by affecting the NF-
KB pathway



BRCA

o . The BRCAI1/2 cell cycle checkpoint control, chromosome remodeling, transcriptional
regulation, DNA repair, and apoptosis.

o BRCAI1/2 are essential for both S and G2/M checkpoints in response to DNA damage
caused by either radio or chemotherapy, and play important roles in multiple DNA
repair pathways such as homologous recombination (HR) and transcription-coupled
nucleotide excision repair (TCNER)

o Therefore, BRCA1/2-null cancers are more sensitive to platinum-based DNA damaging
agents and to PARP inhibitor



o Mutations in p53 upregulate BRCA1 and induce resistance to cisplatin in breast cancer.

o BRCAL can activate the transcriptional target TDP2 that pairs with ETS2 and mediates
etoposide resistance in mutp53-bearing cells.

o Inhibition of the homologous recombination (HR) pathway proteins RAD52/51 with small
molecule D-103 can specifically inhibit the biochemical activities of RAD52 and suppress
growth of BRCA1 and BRCAZ2 null cells .

o PARP inhibitors are also capable of sensitizing tumor cells with impaired HR activity by
genomic instability and cell death.

o Since BRCA1 and BRCA2 mutated cells lack HR pathways, such inhibitors improve the
effectiveness of chemotherapy in breast and ovarian cancer treatment.



WNT SIGNALLING

o Upregulation of WNT5A is associated with breast cancer, prostate cancer,melanoma and
pancreatic cancer indicating its oncogenic role in these cancers.

o WNTD5A is thought to induce chemoresistance in pancreatic cancer through enhanced
PI3K/AKkt signaling that affects the G1/S phase transition

o WNT5A was highly expressed in BRAF inhibitor (BRAFi)-resistant melanoma tumors [95].
The drug resistance mechanism appears to be that high levels of WINTS5A activates signaling
through Fzd7 and Ryk receptors that induce PI3K/Akt signaling resulting in increased growth
and therapeutic resistance to BRAF inhibitors

o WNTS5A activates the WNT/protein kinase C (PKC) signaling pathway that is highly
expressed in many cancers and causes chemoresistance by partly activating WNT/B-catenin
signaling



o WNT5A knockdown showed an increase of cells in GO/G1 phase and a
decreased cell number in S phase, which enhanced the chemosensitivity of
pancreatic cancer cells to gemcitabine

o WNT5A contributed to drug-resistance by enhancing anti-apoptosis ability in
pancreatic cancer cells

o WNT5A mediated gemcitabine chemoresistance was via the regulation of cell
cycle, a target for chemotherapeutic response in pancreatic cancer.



Concurrent use of palbociclib and radiation therapy: single-centre experienceand review of the literature
British Journal of Cancer volume 123, pages905—908 (2020

CDK4/6 Patients Number of Location LR RT suspension CDKi Grade 2 non- Grade = 2
inhibitor irradiated sites metastasis required suspension haematologic haematologic
required toxicities toxicities
Hans et al2 () | Palbaciclib 5 5 [B1g)n5 (4), visceral 0 0 0 0 5 (100%,
IMeattinietals ., . . Bone (5) and . P 5 e foneen
(1) Ribociclib 5 8 visceral (3) 0 0 2 [40%) 2 (25%) 1(20%)
L{f}f‘_f'ﬂm = Palbociclib 1 1 Bone (1) 0 1(100%) 1(100%) 1(100%) na
[{5'35*‘ 2 | pabocicib |3 3 Lung (3) 0 |3 3 (100%) 3 (100% na
Chowdhary et | e 5 Bone (18), brain . .
a1 (12 Bbociip 116123 @andvisceral (1) 0| 0 ’ na
Messeretal® ooy 1 0 104) | 1(100% 1(100%) 1(100%
15) Palbaocic (L4} | 1{100%) (100%) (100%) na
Figuraetal?  Palbociclib and i ; S
(13) abemaciclib 15 42 Brain (42) 0 0 0 2(5% na
Ippolito et al | Palbociclib and 5 7 1 a0 o 149 .
(14) ribociclib 16 24 Bone (23) (IMC) 2 (12%) 1(6%) 1{4%) 3%
Our study e - c Bone (24) and e . 100 &)
Qotg) | Palbociclib 30 35 bam 9 206%) 3(10%) 3(8%) 8 26%)

LR locoregional, IMC intermammary chain, COKI CDK inhibitor.


https://www.nature.com/bjc
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Fig. 1 Schematic representation of the DNA damage response (DDR) pathway. DNA damages are sensed and repaired in multi-protein complexes.
Signaling caused by this damage results in the activation of different mediators of the damage response and then results in cell cycle arrest and a
choice between repair or progression to apoptosis
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Fig. 2 DNA damages sensor and mediators in the response to DSBs and SSBs. DNA damages trigger the recruitment of specific damage sensor
protein complexes. On one hand, the MRN (MRE11-RAD50-NBS1) complex is required for the activation of ataxia-telangiectasia mutated (ATM) in
response to double-strand breaks (DSBs). On the other hand, the ATM- and Rad3-related (ATR)-interacting protein (ATRIP) complex, formed by
ATR-ATRIP-9-1-1 complex, is recruited to sites of single-strand breaks and activates ATR. The activation of ATM and ATR promotes respectively the
activation of two different effectors, CHK2 and CHK1. Although currently, the activator of WEE1 is unknown, it is believed that CHK1 promotes
WEET activation
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Fig. 4 Schematic representation of the mechanism of action of CHK1/CHK2 inhibitor. In both normal and tumor cells, the recognition of
damages on DNA by the DDR-sensors activates different cell cycle checkpoints. The central event of checkpoint activation is the inhibition of the
phosphatases CDC25s which is necessary for the activation of the complexes CDK-cyclins. Both ATR/CHK1 and ATM/CHK2 pathways promote
CDC25s inhibition (ubiquitin-dependent degradation) and, consequently, they arrest cell cycle in response to DNA damages. Tumor cells can
activate these pathways in response to DNA damaging agents and survive. The treatment with a CHK1/CHK2 inhibitor avoids the degradation of
the phosphatase CDC25s, inducing cell cycle progression even in the presence of DNA damages. For this reason, different CHK1/CHK2 inhibitors
have been developed to enhance the DNA damaging from chemotherapeutic drugs by inhibiting the cell cycle checkpoint negative signals




PD-1 inhibitors
Examples of drugs that target PD-1 include:

(0]

CTLA-4 inhibitors

(0]

« Pembrolizumab Ipilimumab&Tremelimumab.
? el LAG-3 inhibitors
» Cemiplimab

Relatlimab

PD-L1 inhibitors
Examples of drugs that target PD-L1 include:

(0]

(0]

Atezolizumab
* Avelumab

 Durvalumab



Apoptosis as Target

There are three main known mechanisms by which cancer cells acquire
apoptosis resistance:

(1) a disruption in the balance between pro- and anti-apoptotic proteins.
(2) an impairment of signaling through death receptors.

(3) a reduction in the function of caspases.
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Inflammatory cytokines and multiple kinases:
TNF-a |, Interlukin, IL-1,2,5,6,8,12and 18 |
kinase A & B, protamine kinase ¢PK, AK) | ,
Mitogenactivated protein kinase |
Pyruvate kinase M2 (PKM2) |



Clinical studies of curcumin in the prevention/treatment of different types of cancer.

Type of No of . .
Type of Study . Dose of Curcumin Endpoints Results
Cancer Patients
Pilot product Reduced signs and symptoms, improved
BPH # p 61 1g/day for 24 weeks Signs and symptoms, quality of life ° . v p. P
evaluation study quality of life
o Maximal tolerated dose of curcumin, toxicity, No cancer progression, partial response in
Phase I clinical 0.5-8 g/day for 7 days plus ) b , .
Breast trial 14 docetaxel safety, efficacy, levels of VEGF ° and tumor some patients, low frequency of toxic
ria ocetaxe
markers effects, decreased levels of VEGF
Randomized 5 g TID ¢ for 6 weeks plus o . o .
CML*“ ] 50 ) . Plasma nitric oxide levels Reduced nitric oxide levels
controlled trial imatinib (400 mg BD ®)
dose-escalation A .
lot stud 15 40-200 mg/day for 29 days Blood COX-2 * activity and PGE2 £ levels Dose-dependent decrease in PGE2 levels
pilot study
Phase 1 d Levels of curcumin and its metabolites in Dose-dependent decrease in PGE2 levels,
ase [ does-
lation trial 15 0.45-3.6 g/day for 4 months plasma urine, and feces; levels of PGE2 and low concentrations of curcumin and its
escalation tria
glutathione S-transferase activity in blood metabolites in plasma and urine
Phase I does- 1 0.45g,1.8g 3.6 gperday Concentration of curcumin and its Biologically active concentrations of
escalation trial for 7 days metabolites in plasma and colorectal tissue curcumin in the colorectal tissue
Colorectal o b . Decreased serum levels of TNF-a,
Phase I clinical Serum levels of TNF-a °, p53 expression in ) . .
, 126 360 mg TID for 10-30 days , increased expression of p53 in colorectal
trial tumor tissue ,
tissue
Phase II clinical 2 g/dayand 4 g/day for 1 Concentration of PGE2 and 5-HETE ‘ within
. 44 g/day g/day . Reduced number of ACF with dose of 4 g
trial month ACF'and normal mucosa, total ACF number
o Safe and well tolerated, Prolonged
. Safety, tolerance, levels of curcumin in ] ) } )
Pilot study 26 2.35 g/day for 14 days biologically active levels of curcumin

colonic mucosa . . .
achieved in colon tissue



HNSCCk Pilot study 21 1 g single dose IxKB ! kinase activity, cytokine levels in saliva  Reduced IxKp activity in the salivary cells
Intestinal Randomized total number of polyps, mean polyp size, No significant clinical response, very few
. 44 1.5 g BID for 12 months powp POP ° P v
Adenoma controlled trial adverse effects adverse effects
Phase II clinical Tumor response, tumor markers, adverse Poor oral bioavailability, biological
, 25 8 g/day for 8 weeks , . o
trial effects response in only 2 patients, no toxicities
Phase II clinical Time to tumor progression (TTP) and TTP of 1-12 months (median 2 months),
, 17 8 g/day for 4 weeks . , . :
trial toxicity profile high frequency of side effects
Pancreatic Phase I/1I clinical 8 g/day for 14 days plus , , . , Safe and well tolerated, median overall
. 21 o patient compliance, toxicity, efficacy . .
trial gemcitabine survival time of 161 days
o o o Safe, highly bioavailable, no significant
Phase I clinical 200-400 mg/day for 9 Safety, pharmacokinetics, NF-xB ™ activity, , . ,
, 16 , , , , changes in NF-xB activity or cytokine
trial months cytokine levels, efficacy and quality of life . . .
levels, improved quality of life
Randomized 100 mg plus 40 mg soy Decreased levels of PSA in patients with an
, 85 , Serum PSA " levels o
controlled trial isoflavones for 6 months initial PSA = 10 pg/mL
Prostate biochemical and clinical progression-free
Randomized 3 g/day for 3 months as a , . , Prog . Considerable antioxidant effect, decreased
. 40 . survivals, alterations in the activity of
controlled trial supplement to radiotherapy o levels of PSA
antioxidant enzymes
. Randomized Changes in quality of life, serum levels of Improved quality of life, reduced levels of
Solid tumors 80 180 mg/day for 8 weeks

controlled trial

inflammatory mediators

inflammatory mediators




CAM AS TARGET
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FIGURE 3 | Integrins play a vital role in anti-tumor immunity. Dendritic cells (DCs) take up tumor antigens in the tumor microenvironment by phagocytosing dying
tumor cells in a process mediated by adhesion molecules such as ayfs integrins (Step 1). DCs then enter the lymphatic vessels partly in an LFA-1/ICAM-1-dependent
manner and migrate to the draining lymph node (Step 2). In the lymph node, DCs form an immunological synapse with CD8* T cells in order to present the tumor
antigen. LFA-1-ICAM interactions mediate adhesion in the immunological synapse and also provide an additional co-stimulatory signal to the T cells (Step 3). Once
activated, T cells travel via the blood stream and enter the tumor site by interacting with adhesion molecules including E-selectin, ICAMs and VCAM-1 on endothelial
cells in a process termed leukocyte adhesion cascade. This process is regulated by sequential expression of selectins (L-selectin) and integrins (LFA-1, VLA-4) on the
migrating T cell (Step 4). Finally, after reaching the tumor microenvironment, CD8* T cells form an immunological synapse with tumor cells and kill the malignant cells
via the release of cytotoxic granules (Step 5).




Cell-Cell Communications: New Insights in Targeting Tight Junctions through Phytochemicals for Potential
Cancer Therapeutic Adjuvants

plant derived bioactive compounds such as

quercetin, berberine, genistein, capsaicin,

CLALIDINS

*‘H curcumin, and many more natural

gty —e TEMT -’

compounds have been shown to be

Figure 1: Impact of T] disruption on tumor invasion and metastasis. - - .
Claudins are the group of T] proteins that play a critical role in effective in enhanCIng the TJ
tumor invasion, migration, and metastasis. Activation of claudins
by phosphorylation induces synthesis of bulk quantities of Matrix Integ”ty via TJ prOteinS and inﬂammatory
Matallo Proteinase (MMPs) which aids in tumor cell inwvasion ]:rgr

enhancing Epithelial Mesenchymal Transition (EMT). Signa| ||ng pathways,




pProteomics

o Proteomics involves a wide range of processes such as protein expression
profiling, protein modifications, protein-protein interactions, protein structure

and protein function
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Type of
Cancer

Livear (HCC)

Pancreas

Oy

Ereast

Lurmg

Miyeloid
leukermia

AN, acuwte myveloid lewukernia; AR cancer-associated fibrolblast; OSSO, carncer sterm call; EGRFR, epidarmal growithr Ffactor receptor; HCOC, hepatocaellivlar carcinorma;

Sample Type

Fatient’'s
tissue

Frirmary
Pancreatic
Epithelial cells

FPDauc cell
ines

Fatients
Tissue

Patients
Tissue,

Breast cancer
cell lines

Breast CSCs,
Breast cancer
cell line

Breast cancer
cell lines

EGFR-rmutant
cell lines

FPatient-
derivec Al
stem cells

Method of target
discowvery

Proteocmics
- Phosphoproteomics

- Proteomics

- Proteomics

- Proteomics

- Proteomics
- Metabolomics

- Proteomics

- Proteomics

- Proteocmics
- Phosphoproteomics

- FProteomics

MS-based
strategy

INn-soluticorn
digestion and
LCS-MSMS

INn-soluticrn
digestion and
LS-MMSMAS

INn-gel
digestion and
LS-MMSAMS

INn-solutiorn
digestion and
LC-MSMS

iNn-soluticon
digestion and
LC-MMS IS

INn-solution
digestion and
LC-MSMAS

INn-solution
digestion and
LC-MSMS

INn-solutiorn
digestion and
LS -MSA S

INn-solution
digestion and
LC-PMSMAS

Target

Py CR2,
ADHT A

LEE

AP

PPAT

PR

cDeSc

NEDD-%

PIS kS
MTOR

ILZRA,
cDhog

Biomarkers,
Target Type

- Prognostic

- Prognostic

- Prognostic

- Therapeutic

- Prognostic

- Therapeutic

- Therapeutic

- Therapeutic

- Therapeutic

chirormatograpfne-tanderm rmass spectrommetny: PIDAC, pancreatic ductal adernocarcinorma,; PO, patiertt-derm-ed xenografts.

Features of biomarker

HCC meatabolic
reprogranmirming

Regulate pathways
associated with glycolysis,
serine maetabolism, and
DA methylation

Proteins involved in
microtubule synthesis are
upregulated in
gemcitabine-resistant cells.
Microtubule stabilizing has
an effective anti-cancer
effect, particularhy in MAFPZ2
overexpressed cells.

Central metabolic regulator
of CAF differentiation and
cancer progression in the
strorma

The higher the expression of
PY'CR1, the lower the
patient’s survival rate.
Expression of PYCR1 is
iNmnvolved in acguiring
resistance

FProposed as a nowvel breast
CSC marker by modulating
the cell viability of CSCs
under hypoxic condition.
Presenting as a nowel
therapeutic target by
reculating the expression of
ALDHAAT and CD44, which
are characteristic of CSCs

In lung cancer resistant to
EGFR tyrosine kinase
imnhibitor, PSS MNDNDTOR
imhibitor was used in
combination to owvercome
resistance

Frowiding protecmic
resources to design
leukemic sterm
cells-targeted therapies by
presenting leukemic sterm
cells-specific markers



Type of
cancer

Liver

Melanoma

Lung

Glioblastoma

Colon

Clear cell
renal cell
carcinoma

Endometrial
carcinoma

Sample type

Patient’s
tissue

Patient’s
tissue

Patient’s

tissue

Patient’s

tissue

Patient’s

tissue

Patient’s

tissue

Patient’s
tissue

Biomarker of
immunotherapy

SLC10A1

MHC

LAIR1, TIM3

FAK

IGF2BP3

OXPHOS, PRDX4,
BAP1, STAT1

CDK12

Description

Provide predominantly downregulated
immune protein cluster between
tumor and non-tumor liver

Provide linking melanoma metabolism
to immunogenicity and
immunotherapy

Identify intratumorally collagen that
are major source of immune
suppression related to murine and
human lung cancer

Provide glioblastoma factors related
to immunotherapy using
proteomics/miRNomics

Provide a novel information of
putative tumor-specific biomarkers
that are potentially ideal targets for
immunotherapy

Provide microenvironment cell
signatures, four immune-based clear
cell renal cell carcinoma

Suggest alternative mechanism for
repressing anti-tumor immune

response

Therapeutic
monitoring



Type of
cancer

Glioblastoma

Slioblastoma

Slioblastoma

Glioblastoma

Glioblastoma

Glioma

Glioma

Astrocytoma

EGFR, epidermal growth factor receptor; EV, extracellular vesicle GBM, glioblastoma multiforme; GNS, GBM-derived neural stem; LC-MS/MS, liquid chromatograp

Sample type

Patient’s
tissue

Primary GBM
subtypes

Glioma cells

Blood

Patient’s
tissue, Fluid

Patient’s
tissue

Urine from
tumor model

Method of

target

discovery

- Proteomics

- Proteomics

- Proteomics

- Proteomics

- Proteomics

- Proteomics

- Proteomics

- Proteomics

spectrometry; MS/MS, tandem mass spectrometry.

MS-based
strategy

In-solution
digestion and
LC-MS/MS
In-solution
digestion and
LC-MS/MS
In-gel
digestion and
LC-MS/MS

In-solution
digestion and
LC-MS/MS

In-solution
digestion and
LC-MS/MS

In-solution
digestion and
LC-MS/MS

In-solution
digestion and
LC-MS/MS
In-solution
digestion and
LC-MS/MS

Target

YBX1

cD9

EGFRvII

LRGH1,

CRP, C9

CCTBA

SDCH1

CDH18

109
proteins

Biomarker/
target type

- Prognostic

- Therapeutic

- Therapeutic

- Therapeutic

- Prognostic

- Prognostic

- Diagnostic

- Prognostic

- Prognostic

Features of biomarker

Major tumor
invasion-regulated proteins

Highly expressed in primary
GNS cells

EGFRVIII expression is
associated with pro-invasive
proteins through EV profile
Concentration in plasma
correlated significantly with
tumor size

CCT6A in EV is associated
with induction of expression
and amplification and
negative survival in
glioblastoma

High-grade glioma and
low-grade glioma through
SDC1 present in EV in the
patient’s plasma

Role of tumor-suppressor

Protein alteration by date,
diagnosis before tumor is
seen in MRI



TOXICOPROTEOMICS

o Toxicoproteomics is a new scientific method that combines proteomic
technologies with bioinformatics.

o Liver carcinogen N-nitrosomorpholine (NNM) cause,up regulation of stress
proteins, including caspase-8 precursor, vimentin, and Rho GDP dissociation
Inhibitor.

o Toxicogenomics, a discipline that determines genetic susceptibility of a
particular individual following exposure to a carcinogenetic agent,
toxicoproteomics allow the monitoring of the body’s response to a specific
toxicant






TAKE HOME MESSAGE

o Multi omic approach.
o Proteomics,Genomics,metabolomics,transcriptomics,epigenomics,Radiomics.

o Personalised medicine (tumour cell biology)
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