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Tissue structures, chronic inflammation and 
cancer micro-environment 
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Lecture II
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Homework

• Reading 

•Cancer is a functional repair tissue, Med Hypotheses. 2006

•Chronic inflammation and cancer, Cancer Network, 2002. 

•Inflammation and Cancer, Nature, 2002.

http://www.ncbi.nlm.nih.gov/pubmed/16290925


• Study of a disease from cell to tissue level
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Cancer cells have Fenton 
reactions, oxidative stress, 

off-balance pH, hypoxia, 
molecular damages

But it should be noted that 
cancer is also a tissue level 

problem. It is the tissue level 
microenvironment, tissue-level 
instructions and constraints 

that define what a cell can or 
cannot do
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• Chronic inflammation has long been known to be associated with 
cancer development, which can be traced back to as early as over 150 
years ago (Rudolf Virchow)

• Recent studies suggest that inflammation is a critical component of 
any cancer

• However the causal relationships between the two are currently 
unknown

Chronic Inflammation and Cancer

Coussens and Zena, Nature (2002)
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Tissue Structure 
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Tissue Injury 

• Tissue injuries fall into acute and chronic groups, separated by 
the amount of time used to heal

• The prominent distinct features of chronic injuries from acute 
injury include

• proliferation of connective tissue and tissue degeneration

• primary immune cells are lymphocytes, plasma cells, macrophages vs. 
leukocytes 

• major chemical signals include bradykinins and prostaglandins
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Three Phases of Tissue Repair
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Detailed Activities of Tissue Repair



12

• In comparison with acute inflammation that is mediated by 
granulocytes (a type of white blood cell), chronic inflammation is 
mediated by monocytes/macrophages and lymphocytes.

• Key steps in tissue repair: 

• re-epithelialization, fibrosis, and angiogenesis 

• Chronic inflammation leads to a progressive shift in the type of cells 
present at the site of inflammation and is characterized by 
simultaneous destruction and healing of the tissue from the 
inflammatory process.

Causes of Chronic Inflammation 
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• A key in forming chronic inflammation is that some “criteria” in 
terminating some phases of the tissue repair process could not be 
met, leading to the entrapment of the process in one or more 
phases of the repair process and forming an “infinite” loop

Causes of Chronic Inflammation 
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Causes of Chronic Inflammation 

• The general observation has been that various stresses can prolong 
an acute inflammation to a chronic one characterized by reduced 
mitochondrial activities, hence reduced ATP production, and 
elevated oxidative stress. 

• A recent paper suggests that the following three factors may play 
the predominating roles (Wound Healing Essentials: Let There Be 
Oxygen, 2009):

• Oxygen level, iron and ascorbate
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O2 and Wound Repair

• Three major factors contribute to wound tissue hypoxia: 

• peripheral vascular diseases garrote O2 supply, 

• increased O2 demand of the healing tissue, and 

• generation of reactive oxygen species (ROS) by way of respiratory burst

• Angiogenesis: Both O2 and ascorbate are essential to building a 
healthy new blood vessels (mostly by way of healthy collagen 
structures) 
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• Inflammation: Phagocytes increase their O2 consumption through 
the activity of NADPH-oxidase (NOX) that generates O2

.- and H2O2. 
These oxygen-derived metabolites give rise to ROS that can cause 
damage by destroying surrounding tissue cells. 

• Tissue O2 tension is known to significantly alter cellular NO 
production, a key signaling molecule in tissue repair. 

• Higher level of Fe2+ leads to increased NO production 

• L-Arginine + O2 + Fe => NO … catalyzed by NOS

O2 and Wound Repair
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• NO can block mitochondrial function by interacting with the 
cytochrome c oxidase (complex IV) of the electron transport chain 
in a manner that is in competition with O2. 

• Hence NO can inhibit mitochondrial respiration at low O2

concentrations, causing “metabolic hypoxia”, diverting O2

towards other oxygen-dependent systems and reducing ATP 
production. 

O2 and Wound Repair
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• Collagen deposition provides the matrix for angiogenesis and tissue 
remodeling. Maturation of collagen is highly O2-dependent. 

• Hypoxia will limit redox signaling and disable the function of several 
growth factors (e.g. PDGF, VEGF, TGFα) and numerous molecular 
mechanisms (e.g. leukocyte recruitment, cell motility, integrin 
function), which rely on redox signaling

O2 and Wound Repair



Iron and Wound Healing

• Iron deficiency impairs wound healing as collagen synthesis 
requires hydroxylation of lysine and proline, and co-factors 
ferrous iron and vitamin C. 

• Increased iron concentration leads to increased ROS, slowing 
down healing and prolonging inflammation

19



20

O2
Reduced quality of collagen Reduced quality of blood vessels 

Reduced ATP production

Fe

NO

worsen

Increased immune responsesH2O2

Vitamin C deficiency
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pH and Wound Repair

• It has been observed that wounds with a high alkaline pH have a 

lower healing rate in both acute and chronic wounds compared to 

wounds with a pH closer to neutral. 

• The environment of wounds progresses from an alkaline state to a 

neutral state and then to an acidic state after healing begins.



• An acidic environment promotes 

• infection control

• antimicrobial activity

• reduction of protease activity

• release of oxygen (due to the Bohr-effect)

• epithelization and angiogenesis

• hence better for wound healing

• Hence, tissues with acidic microenvironments are selected for 

healing purposes.
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pH and Wound Repair
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Some tissue injuries develop into chronical non-cancerous wounds 
while others become cancer. What made the difference? 



Pathway Enrichment Analyses
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Functional Prediction

• While functional analysis can be done at the individual gene level, 
it is more effective and informative to conduct functional analysis 
at the pathway level

• KEGG pathway database, REACTOM, GO, Msigdb

• A key idea is through pathway enrichment analysis 
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Biological Pathways and Networks

• Metabolic pathway: a series of enzymatic reactions that 
produce a specific product

• Regulatory networks: pathways that regulate a cell’s behaviors, 
including transcription, translation, degradation, motility, …..

• Signal transduction pathway and networks: cellular processes 
that recognize extra- or intra-cellular signals and induce 
appropriate cellular responses
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Biological Pathways and Networks

•Metabolic pathways & networks
• Carbohydrate Metabolism
• Energy Metabolism

• Lipid Metabolism
• Nucleotide Metabolism
• Amino Acid Metabolism
• Metabolism of Other Amino Acids
• Glycan Biosynthesis and Metabolism
• Metabolism of Cofactors
• Biosynthesis of Secondary Metabolites
• Biodegradation of Xenobiotics
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Pathway Enrichment
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• DAVID is a popular tool for pathway enrichment prediction 

• https://david.ncifcrf.gov/

• It requires two data sets for predicting enriched pathways: the 
background set and the set for enrichment analysis

• For the background set, we can use the whole human gene set.

Pathway Enrichment Analysis

https://david.ncifcrf.gov/
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Signature Genes of Pathways 

• Each metabolic pathway has one rate-limiting enzyme, whose 
gene-expression changes can reflect the overall activity level 
change of the pathway

• E.g., the rate-limiting enzyme of glycolysis is PFKL; hence this 
gene can be used as the “signature” of the pathway 

• This is true virtually for all pathways or more generally 
“activities” such as various types of stresses
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Signature Genes of Stresses

• Hypoxia: HIF genes

• ROS: a combination of multiple ROS related genes

• Oxidative stress:

• Different types of inflammation: various cytokines and 
associated proteins

• Lactic acidity:

• ER stress:

• Mitochondrial stress:

• …….
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Inference of Functional 
Relationships Among Pathways 



• Identification of possible reasons for the up-regulated de novo 
synthesis of nucleotides 
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Inference of Functional 
Relationships Among Pathways 
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• Some types of chronic inflammation are believed to be causally 
linked to cancer such as atrophic gastritis & ulcerative colitis while 
others are largely independent of cancer such as pulmonary 
sarcoidosis & asthma 

• Question 1: do cancer-prone types of inflammation share common 
characteristics, which are not shared by cancer-independent ones?

• Question 2: do these distinct characteristics contribute to cancer 
initiation and how, if they do? 

Chronic Inflammation and Cancer
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Data Used in Our Study
• We have used tissue-based  transcriptomic data of  17 types of chronic 

inflammation vs controls from the GEO database, plus some additional 
data

• Each disease type has at least 10 pairs of samples

• Their relevance to cancer is based on statistics in the public domain

Cancer Prone inflammation Moderately cancer prone Largely cancer independent

Cirrhosis Chronic obstructive 

pulmonary disease 

Alcoholic hepatitis

Barrett‘s esophagus Idiopathic pulmonary fibrosis Non-alcoholic steatohepatitis

Atrophic gastritis Chronic rhinosinusitis Cystitis

Ulcerative colitis Atopic dermatitis Pulmonary sarcoidosis

Crohn‘s disease Asthma 

Chronic viral hepatitis C Psoriasis

Irritable bowel syndrome
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Types of Inflammation: 
Cancer Prone (CPIs) vs Cancer Independent (CIIs)

• When examining gene-expression patterns of cancer-prone vs 
cancer-independent inflammation, we focused on

• Tissue level differences, including micro-environments

• Cell level differences

• Differential expression analyses were conducted at both gene and 
pathway levels (based on pathway enrichment analysis)

• Changes in sub-populations of individual cell types are determined 
based on expressions of signature genes of the cell types
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• At the tissue level: CPIs have higher levels of the following than CIIs

• Increased CD4 populations and decreased CD8 population while CIIs 

have the opposite 

• Macrophage populations

• ROS production by immune cells and oxidative stress

• Angiogenesis and lymph-angiogenesis

• Hypoxia

• Syntheses of multiple ECM component types, suggesting ECM repair

• Total cytokines

• Acidity 

Differences between CPIs vs CIIs

Zhang, Yao et al, in preparation, 2017.
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CPIs have increased CD4 and decreased CD8 
populations while CIIs have the opposite

Moderately cancer proneCancer prone Cancer independent

Zhang, Yao et al, in preparation, 2017.
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Moderately cancer proneCancer prone Cancer independent

CPIs have considerably higher levels of cytokines than CIIs 
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ECM Syntheses
• Substantially increased syntheses of multiple components of ECM 

such as collagens and glucosaminoglycan are observed in CPIs vs CIIs

Moderately cancer proneCancer prone Cancer independent
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Oxidative Stress and Hypoxia
Higher oxidative stress in CPIs vs CIIs

Measured using a combination of 
multiple oxidative stress predictor

Measured using a combination of 
multiple hypoxia predictor

Zhang, Yao et al, in preparation, 2017.

Moderately cancer prone

Cancer prone Cancer independent
Moderately cancer prone

Cancer prone Cancer independent

Higher hypoxic level in CPIs vs CIIs



• Increased immune responses and hence increased ROS production 
will lead to increased hypoxia

• In addition, increased tissue damages lead to increased tissue 
repair, which will consume substantial O2. 
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Possible Reasons 
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• At the cellular level, CPIs have higher levels of the following than CIIs

• Epithelial cell proliferation

• Glycosylation, particularly O-linked

• Synthesis of glucosaminoglycans, e.g., heparan, chondroitin & keratan
sulfates, and hyaluronic acids for some CPIs 

• Expression of sialic acid-containing mucins

• Iron accumulation

• Oxidative stress

• Hypoxia 

• Phospholipid synthesis, suggesting damages to phospholipids, leading 
to production of pro-inflammatory signals such as prostaglandins

Differences between CPIs vs CIIs
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Cell Proliferation 

Moderately cancer proneCancer prone Cancer independent

Zhang, Yao et al, in preparation, 2017.

• Higher level of epithelial cell proliferation in CPIs vs CIIs
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Gene name Full name Function

FTH1 Ferritin, heavy polypeptide Iron storage

FTL Ferritin, light polypeptide Iron storage

SLC11A2(DMT1) Divalent Metal Transporter 1 Iron inport

TFRC Transferrin receptor Tf receptor, iron import

SLC40A1(Ferroportin) Iron-Regulated Transporter 1 Iron export

CD163 Hemoglobin Scavenger Receptor Related to iron importer

CD91 Alpha-2-Macroglobulin Receptor Related to iron importer

HMOX1 Heme Oxygenase 1 Related to iron importer

CP Ceruloplasmin involved in the peroxidation of
Fe(II)transferrin to Fe(III) transferrin

HEPH Hephaestin Inhibit ferroportin

FLVCR1 Feline Leukemia Virus Subgroup C
Cellular Receptor 1

Iron export

cytoplasm

Gene name Full name function

Transporters

SLC25A37 Solute Carrier Family 25 (Mitochondrial Iron Transporter),Member 37 Iron importer for the synthesis of
mitochondrial heme and iron-sulfur
clusters

SLC25A28 Solute Carrier Family 25 (Mitochondrial Iron Transporter),Member 28

ISC assembly machinery

NFS1 CysteineDesulfurase,Mitochondrial Sulfur donor
LYRM4 MitochondrialMatrixNfs1 Interacting Protein In complex with NFS1

FDXR Ferredoxin Reductase Ferredoxin-NADP+ reductase
FDX1 ferredoxin Electron transport
FDX1L Ferredoxin-1-Like Protein Electron transport
GLRX5 Glutaredoxin5 Cluster transfer
HSCB HscB Mitochondrial Iron-SulfurCluster Co-Chaperone Cluster transfer

ISCA1 Iron-Sulfur Assembly Protein 1 Maturation of radical SAM-dependent
proteins and aconitaseISCA2 Iron-Sulfur Assembly Protein 2

ISCU Iron-sulfur cluster scaffold homolog scaffold
NFU1 Scaffold protein Alternative scaffold protein
HSPA9 Heat Shock 70kDa Protein 9 (Mortalin) Cluster transfer

Heme synthesis

ALAS1 5'-Aminolevulinate Synthase1 Catalyzes the rate-limiting step in heme
(iron-protoporphyrin)biosynthesis.

ALAS2 5'-Aminolevulinate Synthase2 catalyzes the first step in the heme
biosyntheticpathway

FECH Ferrochelatase catalyzes the insertion of the ferrous form
of iron into protoporphyrin IX in the heme
synthesis pathway.

Others

FTMT FerritinMitochondrial Stores iron

mitochondria



• This is the result of increased H2O2 due to increased immune 
responses, while increased iron accumulation will lead to further 
damages due to Fenton reactions

• The combination of immune cell H2O2 induced and Fenton 
reactions form a vicious cycle, leading to continuous tissue 
damages
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Possible Reasons 
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Phospholipid Metabolism

• Higher levels of phospholipid synthesis and metabolism in CPIs vs 
CIIs

Moderately cancer proneCancer prone Cancer independent
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Glycosylation and Glycan Synthesis

Zhang, Yao et al, in preparation, 2015.

• Higher level of glycosylation and glycan synthesis in CPIs vs CIIs
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Statistical Correlations
• A recent study (PNAS, 2014) reported that immature O-linked 

glycans have oncogenic properties 
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Statistical Analyses

• Strong statistical relations are observed among the observed 
changes

• Observation 1: Iron “accumulation” strongly correlates with H2O2 
levels released by innate immune cells

• Observation  2: Oxidative stress tends to increase as a CPI 
advances

• Observation  3: Iron “accumulation” & epithelial cells’ H2O2 
production strongly correlate with glycosylation, 
glycosaminoglycan synthesis and mucin production
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• Observation 4: There seem to be two distinct drivers for cell 
proliferation in cancer-prone inflammations, one from tissue-repair 
signals and one to overcome oxidative stresses

• Observation 5: Genomic mutations are selected to help to overcome 
specific stresses

• Observation 6: Numerous oxidized products of glycan are highly 
oncogenic

Statistical Analyses
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• CPIs tend to have higher levels of oxidative stress, higher hypoxic level, 
more damages to ECM

• May have resulted in higher levels of cellular iron accumulation

• Persistent oxidative stress coupled with with iron accumulation may give 
rise Warburg effect and further stressed cells

Our Interpretation of the Data

Zhang et al, Int. J of Cancer, 2015



-自由基
-氧化压力
-缺氧
-铁积累
-免疫细胞聚集

• Fenton reactions can possibly explain all these!
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Our Interpretation of the Data



General Microenvironment of Cancer
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Cancer Microenvironment 
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Cancer Microenvironment 
• Cancer cells, 

• Immune cells

• Macrophages, neutrophils 

• T-cells, B-cells

• Stromal cells

• Fat cells

• Blood cells and vessel cells

• Extracellular matrix

• ROS

• Lactic acids

• Cytokines, growth factors, protease

• …
57
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Cancer Associated Stresses
• Cancer cells live in a very hostile and challenging environment 

where they have to do their very best to survive

• They have to alter their metabolisms to adapt to their changing micro-
environmental conditions constantly 

• They must follow tissue-level constraints when they evolve and gradually 
lose their connections with the host tissue

• They must win cell-cell competition in a growing tissue

• They must overcome acidosis by lactic acids

• They must avoid being killed by their cell death programs

• They must avoid destruction by the immune system and recruit immune 
cells to help them to survive 



Extracellular Matrix
• Cancer’s ECMs tend to be damaged; the collagen fibers tend to shorter 

than in normal tissues and use unusual collagen proteins such as embryonic 
collagens
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• Substantial growth factors are stored 
in ECM, which will be released when 
ECM is damaged

• Damaged ECM components can drive 
cell cycle progression, possibly 
through their interactions with the 
cytoskeletal structure 



• Damaged hyaluronic acids 
serve as a variety of tissue 
repair signals
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Extracellular Matrix
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Extracellular Matrix



Tissue-Level Constraints

• In addition to cellular level conditions, cell proliferation must 
follow a number of tissue level constraints when they divide

• Contact inhibition 

• Division must take place on a flat surface

• ….
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Cell-Cell Competition
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• It has been well established that there is cell-cell competition in 
growing tissue

• Cells can detect the fitness level of neighboring cells, and 
“weaker” cells are specifically labeled by the healthier cells

• Labelled cells will be put in a queue for apoptosis, and the 
removed cells will be replaced by off-springs of the healthier 
ones

• There is a mechanism to stop the killing under specific 
conditions
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Cell-Cell Competition 

• In Drosophila, p53  is one of the genes reporting the fitness level of 
its host cell, and hence “weak” cells may select to mutate the gene 
in order to avoid its fitness level to be detected

• The Flower code: the Flower protein (fwe) has three isoforms; the 
winner of cell-cell competition will express one specific form of the 
gene, fwe(win), and the losers will express the other isoforms 
fwe(lose)

• After a waiting period once a cell has its few(lose) gene expressed, 
the cell will activate its apoptosis and kill itself
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Cell-Cell Competition 

• dsparc, the Drosophila homolog of the human SPARC gene, 
serves as a regulator for protecting the losing cells by increasing 
the activation threshold of apoptosis

• Interestingly, human SPARC has been found to be involved in 
various aspects of cancer but the data are very difficult to analyze

• It may serve as a key regulator for a class of yet to-be-discovered 
survival pathways, which cancer cells may have learned to utilize 
(this may serve a very good research problem). 

Full understanding of this may represent 
a major contribution to cancer research 
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Lactic Acidosis 

• Cancers tend to create an acidic environment through releasing 
lactic acids to its environment 

• The lactic acidosis kills the neighboring normal cells, hence 
allowing cancer cells to encroach the space and grow there, 
along with many other benefits to cancer

• Question: how come the acidosis kills only normal cells but not 
cancer cells?
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How Cancers Avoid Acidosis

• Cancer cells employ a variety of 
ways to pump out and neutralize 
protons

• Interestingly these capabilities are 
available only to dividing cells, 
plus some also require hypoxic 
condition 
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Cancer Lactate Metabolism
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Cancer Lactate Metabolism

• Lactic acids provide numerous beneficial effects to cancer 
evolution

• induction of apoptosis in the neighboring normal cells, hence enabling 
encroachment of the cancer cells into their territories

• enhancing anti-apoptotic activities

• suppressing cytotoxic T cell

• fueling their associated macrophages

• promoting angiogenesis

• reduced production of ROS 

• (indirectly) producing NADPH needed for macromolecular synthesis

• (indirectly) leading to more balanced NAD/NADH production 

• ………….
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Microenvironment vs Metabolisms

• It has been well established that the following changes in 
environmental conditions will force underlying cells to alter their 
metabolisms
• Hypoxia 

• Persistent hypoxia leads to persistent activation of glycolysis pathway 

• Inflammation 

• Chronic inflammation leads to overall metabolic disorder

• Oxidative stress by ROS 

• Unbalanced ROS damage lipids, DNA, (some) proteins and force 
systematic changes in metabolisms 



• Hypoxia, oxidative stress and chronic inflammation can induce 
each other (recall from our previous lectures)

• They each provide key beneficial and possibly necessary 
conditions for a cancer to form and to progress
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Hypoxia, Oxidative Stress and 
Chronic Inflammation  
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Oxidative Stress and Metabolism

• Lipids are the most susceptible to free radical attacks (ROS), 
particularly unsaturated fatty acids 

• Among DNAs, mitochondrial DNA may be more susceptible to damage 
than nuclear DNA due to 

• the close proximity to free radicals;

• reduced protective covering of histones; and 

• inefficient repair mechanisms 

• Oxidative stress may be a key driver for continuous cell proliferation 
during the progression stage of a cancer (worth some thinking and can 
potentially be validated through data mining)
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ROS and Stresses

• There is a fundamental connection between stresses and ROS 
production since ROS is a basic defense system against invasion

• Many of the stresses encountered during tumorigenesis may drive 
up ROS production; and the two may form some type of vicious 
cycle – this can be examined through analyses of cancer tissue 
transcriptomic data



Overcoming Apoptosis
• Cancer cells tend to have increased ROS levels, which will lead 

to increased DNA damages, hence triggering apoptosis, casting 
a major stress to the host cells
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• Cancer cells have developed 
a variety of ways to evade or 
overcome apoptosis

• One general approach is 
through activating survival 
pathways 



• Growth and apoptosis: MYC can induce apoptosis when there 
are no survival factors – so cancer cells release large number of 
survival factors (e.g. BCL2 members) when MYC is persistently 
up-regulated

• P53 network: P53 directly interacts with over 100 different 
proteins, for many of which, losing their functions can lead to 
the activation of various survival pathways (worthy studying to 
systematically examine the widely held hypothesis: cancer cells 
loss the function of p53 is to avoid the activation of apoptosis). 
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Overcoming Apoptosis



• Activation of survival pathways, which inject interference or 
termination signals to (damaged) cells that are destined or 
signaled to die 

• Survival pathways, many consisting of PIK3/AKT , typically 
activated under very stressful conditions

• KEAP1-NRF2-ARE pathway 

• NFκB-dependent survival pathway 

• MNK/EIF4E survival pathway 
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Overcoming Apoptosis



Overcoming Apoptosis

• Survival pathways can be activated by heat shock proteins, 
unfolded protein response (UPR), DNA damage response 
(depending on the level of damages) 

• (lack of) tissue homeostasis can activate survival pathways 

• The way to discover new survival pathways is through analyses 
of cancer tissues that have developed drug resistance 
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Overcoming Apoptosis

• Some of the survival pathways are probably activated through 
epigenomic level regulation 

• A hypothesis : the more applications of epigenomic level 
regulations, the more malignant a cancer is

• Potentially this hypothesis can be validated through 
transcriptomic data analysis
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Immunity and Cancer

• Innate immune cells, such as 
macrophages and neutrophils,  
are probably needed throughout  
a cancer’s development

• Adaptive immune cells attack 
cancer cells but with reduced 
attacking power 
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Immunity and Cancer: 
pro-cancerous roles by immunity

• Continuous activation of immune systems and excessive repair 
can lead to loss of tissue architecture, increasing chances for 
cancer development

• B-cells are essential for maintaining chronic inflammation

• Interplays among tumor associated macrophages, some T cells 
and  cancer cells are essential for cancer evolution 



Immunity and Cancer

• The deep relationship between cancer and immunity is rooted in 
the overlap between tissue maintenance and immune responses:

• immune systems respond to both invasion of foreign pathogens and 
disruption of tissue homeostasis by recruitment of additional  immune cells 
to the relevant sites; 

• signals reporting tissue damage are designed to come from damaged ECMs, 
but can also be generated from cells under persistent hypoxic conditions; 

• continuous interactions between innate and adaptive immune cells will lead 
to loss of tissue architecture.
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Cancer Immunotherapy

• Various techniques have been develcancer immunotherapyoped 
to treat cancer through training or tricking a patient’s immune 
system to fight cancer, which are generally referred to as

• While exciting results have been generated with short term 
effects by such approaches, it remains to be determined if this 
overall approach may work well, due to the lack of true 
understanding of what can be used as cancer-associated 
antigens, which do not change throughout the evolution of a 
cancer
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Immunity and Cancer
• It has been observed that cancer tissues with substantial 

infiltrations of innate cells tend to have poor prognosis while 
those with infiltrations of lymphocytes tend to have favorable 
prognosis

• One challenge for our adaptive immune system to recognize 
cancer cells is that these cells are not foreign but altered self cells

• Some reports have suggested that the adaptive immunity use 
uric acid, pro-inflammatory signals such as toll-like receptor 
ligands, heat shock proteins and hyaluronic acid chains as 
antigens but ……. 

83



Issues to Think About

• Can one possibly estimate the composition of the infiltrating 
immune cells, in terms of their types and population sizes in a 
tissue sample, based on the available transcriptomic data? 

• How do the sub-populations of different infiltrating immune cells 
change during the course of cancer evolution? 

• Does the composition of such a cell population at the early stage 
of a cancer have any predictive power for the cancer’s 
evolutionary trajectory or five-year survival rate? 
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Summary
• Certain chronic inflammatory diseases are cancer prone because 

they have distinct behaviors from those of the cancer 
independent ones since the onset

• It is certain types of stresses that distinguish between these two 
classes

• In order to survive for the cells under such stresses, they must  
make certain changes in their metabolic systems as otherwise 
they will not survive
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