
Mechanisms of Immune Checkpoint Inhibitor
Circumstances Mechanism

PD-L1–
overexpressed 
tumors

Nonreversible and severe T-cell exhaustion

Coexpression of inhibitory receptors (LAG-3, 
TIM-3, TIGIT, VISTA, and BTLA)

Decreased ratio of TILs to Tregs and MDSCs

Altered metabolism through IDO & increased 
adenosine production

Mutations in PTEN, EGFR, and MYC

PD-1 and CTLA-4 
inhibitor 
combination 
therapy

Immunoediting with loss of neoantigens

Deletions or mutations in JAK1/2, IFNGR1/2, & 
IRF1

Decreased T-cell priming and DC dysfunction

Aberrant WNT/β-catenin signaling

High copy number loss of tumor suppressor 
genes

Circumstances Mechanism

Association with 
neoantigen 
overexpression 
by genetic 
alterations in
mammalian 
SWI/SNF 
chromatin 
remodeling 
complexes

Loss-of-function mutations in chromatin 
remodeler genes (PBRM1, ARID2 and BRD7) 
sensitize tumors to ICB and increase 
accessibility to regulatory elements of IFN-γ–
inducible genes. 

Loss of ARID1A leads to increased MSI with 
inability to recruit mismatch repair genes 
during DNA repair, increasing mutational 
burden and neoantigen load. 

Stability of chromatin remodeling complexes in 
tumors contributes to ICB resistance

High mutation 
overload tumors

Decreased antigen presentation secondary to 
MHC, β2-microglobulin, and NLRC5 alterations

AK1/2 mutations and decreased IFN-γ signaling

Upregulation of alternate inhibitory 
checkpoints



Mechanism of Drug Resistance









ctDNA for MRD in Colon Cancer



ctDNA for MRD in Colon Cancer







Factors associated with TTR



From Cancer Stem Cell to See the Future 
Research in Colorectal Cancer



Colon Cancer has the Characteristics 
and Advantages of both Stemness of 

Cancer Cell and Intestinal System 
CSC + ISC  CCSC



Cancer Stem Cell 
• Possess special biological properties 

• Long-term self-renewal capacity 
• Multi-lineage differentiation 

• Resistance to conventional 
chemotherapy and radiotherapy 

• A major source of residual disease after 
therapy ’Recurrence’

• Identified in blood, breast, brain, and 
colon cancer

• Wnt, Hedgehog and Notch pathways 

are involved

• Very Important to understand the cellular 
survival mechanisms 

• To eradicate cancer stem cells and 
preventing chemotherapy and radiotherapy 
resistance. 

• To develop effective therapeutic 
approaches 

• To eliminate CSC to improve the treatment 
outcome of cancer patients 

• To eradicate the main root cause of cancer



• CSCs represent phenotypically and functionally heterogenous populations
• Colorectal CSCs are dynamic populations (not a static)
• Populations continuously altered by various extrinsic factors and 

microenviroment in addition to intrinsic cellular factor



Tumor Evolutions
Zeuner A, et al Cell Stem Cell, 2014 



Microenvironment 
&

Intestinal Stem Cell and Cancer Stem 
Cell Markers Complexity of CCSC

Todaro M et al, Gastroenterology 2010



Association of CSC Markers and the Outcomes of Stage 
III Colon Cancer Gerger A et al Clin Cancer Res 2011



The Outcomes of Colon Cancer -- Associated of CSC 
Interaction & Microenvironment 

Miller TJ et al, Pathology 2017



High-Fat Diet (HFD) Increases LGR5 Expression and Promotes 
Tumor Growth via STRA6 activation transduces a JAK2-STAT3 
signaling cascade  Colon Carcinogenesis and Colon Cancer 
Self-renewal Karunanithi S, et al Stem Cell Report 2017
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