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Hypothesis
It is hypothesized that chronic inflammation leads to a deficient immune system that forms tumors
not only at the primary site of chronic inflammation, but in other inflammatory sites.
Abstract
The main drivers of some tumors are defective immune cells, not epithelial cells. In particular,
epithelial cells are just the victims; mutations occur in epithelial cells due to high levels of
inflammatory signals secreted from defective immune cells. Therefore, I hypothesize that some
metastases are the result of inflammatory processes by defective immune cells at sites of
inflammation rather than migration of tumor cells from one site to another site. Consequently,
common cancer treatments such as chemotherapy are not effective for some tumors, because theses
treatments cause inflammation in tumor and other organs. Furthermore, since chemotherapy
increases the chance of inflammation in some organs such as lung and liver, it facilitates metastases
to these organs.
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Introduction
Many cancers arise from sites of chronic inflammation; for example, Imtiyaz et al. [1] found that
after chronic ulcerative colitis had been induced in mice, 14 weeks later the mice developed
colitis-associated cancer (CAC). Balkwill et al. [2] list inflammatory conditions that predispose
an individual to cancer, and others have attempted to understand how chronic inflammation leads
to carcinogenesis. For example, Hussain et al. [3] found that p53 had been mutated as a result of
oxidative damage due to inflammation in the colon. p53 mutations have also been seen in
rheumatoid arthritis (RA), a chronic inflammatory disease. Immune cells within a chronic
inflammation site initiate tumor progression by releasing reactive oxygen or nitrogen species,
which leads to DNA damage in epithelial cells [4]. Yamanishi et al. [5] found that
microdissected RA synovial regions with an abundance of p53 mutations contained significant
amounts of IL-6 mRNA [5], indicating an increased inflammatory response. From these
findings, we may conclude that chronic inflammation leads to inactivation of tumor suppressor
genes with the help of immune system.
In chronic inflammation, immune cells might become adapted to the wound healing process so
that their phenotype and functionality could be permanently changed. Various adaptive immune
cells have been seen in colitis-associated cancer [6]; for instance, CD4+ effector T cells create an
environment for tumor initiation and progression by releasing tumor-promoting cytokines, e.g.
IL-6 [4]. Moreover, under poorly regulated pro-inflammatory conditions, regulatory T-cells fail
to inhibit, and may instead contribute, to a T helper (Th-17) pro-carcinogenic process [7].
Therefore, in chronic inflammation, T-cells might become adapted to send many proliferation
signals, and regulatory T-cells might have been changed to prevent their inhibition. The
constitutive activation of transcription factors, such as NF-κB and/or STAT3, can be important
in mediating the immune response, angiogenesis and oncogenesis in almost all CACs. [6].
In sites of chronic inflammation, fibroblasts also differ from normal fibroblasts. Carcinomaassociated fibroblasts express pro-inflammatory genes, enhance macrophage recruitment,
encourage vascularization, and can therefore assist tumor growth [8]. NF-κB can promote the
activity of carcinoma-associated fibroblasts [8]. Genetic inactivation of Pten in stromal
fibroblasts of mouse mammary glands accelerates the initiation and development of mammary
epithelial tumors by remodeling the extracellular matrix, aiding the infiltration of innate immune
cell, and increasing angiogenesis [9]. In a prostate cancer model, p53 mutation within the stroma
occurs before p53 inactivation in the epithelium; loss of p53 facilitates fibroblast proliferation
and tumor progression [10].
These findings suggest that cells at the site of chronic inflammation might be adapted to the
wound healing process. For example immune cells might become permanently adapted to send
signals of proliferation or angiogenesis, and epithelial cells might be adapted to proliferation
(such as inactivation of tumor suppressor genes). These adaptations may lead to the initiation of
a tumor (Figure 1). It is hypothesized that various types of adaptations occur, for example, only
one type of immune cells (e.g. macrophages) at the site of chronic inflammation could become
adapted to sending high levels of a specific inflammatory signal. Alternatively, only one type of
immune cells is adapted to release high levels of several inflammatory proteins. It is possible
that a set of immune cells becomes adapted, for instance macrophages and CD4+ T-cells. In
some cases these adaptations might be local, i.e. only cells at the site of chronic inflammation
become defective. However, in some other cases the bone marrow cells - the source of immune
cells - might be adapted to produce one or several defective progenies with special
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functionalities. Therefore, cancer patients could have different immune deficiencies, which lead
to their having different types of tumors. For instance, patients with colitis-associated cancer
might have different immune deficiencies leading to quite different types of tumors that respond
differently to the same treatment.

Figure 1: Tumor Initiation from Chronic Inflammation. Chronic inflammation leads to adapted tissue
and/or adapted immune cells as the result of constantly going through the wound healing process. These
cells become adapted to the wound healing process, including proliferation, angiogenesis and migration.
These adaptations can cause tumor initiation and progression.

Metastasis
A strong correlation has been found between activated immune cells and metastasis in
inflammatory breast cancer patients [11]. Importantly, the common metastatic sites (lymph
nodes, bone, lung, and liver) are sites where immune cells are very active. Therefore, it can be
hypothesized that some metastases are the result of the inflammatory processes by adapted
immune cells at inflammation sites rather than migration of tumor cells from one site to other
sites. If immune cells are adapted to send high levels of inflammatory signals, such as signals of
proliferation and angiogenesis, then tumors would initiate at sites of inflammation as the result
of the wound healing processes by these adapted immune cells. The following discussion offers
some evidence to support this hypothesis.

Circulating tumor cells
There is a theory that metastasis is the result of cancer cells migration from the tumor
extracellular matrix to the bloodstream or lymphatic vessels, becoming circulating tumor cells,
and then infiltrating a new site. It seems that circulating tumor cells (CTCs) only use lymphatic
routes to migrate to the nearby lymph nodes; they do not use lymphatic vessels in traveling long
distances [12]. Cell migration could happen when tumor epithelial (E) cells lose their cell-cell
adhesion and become motile mesenchymal (M) cells, i.e. the epithelial-mesenchymal transition
(EMT). When these circulating tumor cells exit the bloodstream, they undergo a reverse process
called mesenchymal-epithelial transition (MET) to continue their differentiation and develop a
secondary tumor [13]. Another hypothesis suggests a relationship between EMT and cancer stem
cells [14-16]. Although there are several studies on EMT and its role on metastasis, this
hypothesis remains controversial [17-19].
Only a very small number of circulating tumor cells successfully form distant metastases [20].
B16F1 melanoma cells were injected intraportally to target mouse liver in one study, and only
36% of them survived more than 13 days. Furthermore, 2% of the injected cells gave rise to
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micro-metastases by day 3, but only 1% of these micro-metastases continued to grow to form
macro-metastases in the liver by day 13 [21]. In breast cancer patients, the presence of CTCs
(CK+ cells) in the peripheral blood has not been statistically correlated with disease-free
survival, whereas the presence of CTCs in bone marrow has been correlated with disease-free
survival. Almost all patients with CTCs had positive bone marrows [22]. Circulating tumor cell
clusters are rare compared with single CTCs; however CTC clusters, which usually include
platelets and white blood cells, increase 23-50 fold in metastatic potential [23]. There is no
correlation between the numbers of CTC-clusters and single CTCs [24]. However, in
inflammatory breast cancer, there is a correlation between immune activation and CTCs with
EMT characteristics [11]. Cohen et al. [11] hypothesized that EMT could be the result of
inflammatory processes initiated by activated immune cells. Epithelial cells from the colonic
epithelium of patients with benign colon diseases also circulate in the blood [25]. During wound
healing, epithelial cells migrate and disperse as individual mesenchymal cells by downregulating
cell-cell junctions [26]. Thus, circulating tumor cells in the blood could be the result of
inflammation.
In examining published data sets, one can calculate the probability of finding no circulating
tumor cells in the blood from patients with a range of metastatic cancers (Table 1). The
probability of detection of CTCs in blood is based on the following formula.
𝑃(𝐶𝑇𝐶𝑠 𝑖𝑛 𝑏𝑙𝑜𝑜𝑑|𝑀𝑒𝑡𝑎𝑠𝑡𝑎𝑠𝑖𝑠) =

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠 𝑤𝑖𝑡ℎ 𝑚𝑒𝑡𝑎𝑠𝑡𝑎𝑡𝑖𝑐 𝑡𝑢𝑚𝑜𝑟 𝑎𝑛𝑑 𝐶𝑇𝐶𝑠 𝑖𝑛 𝑏𝑙𝑜𝑜𝑑
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠 𝑤𝑖𝑡ℎ 𝑚𝑒𝑡𝑎𝑠𝑡𝑎𝑠𝑖𝑠

(1)

The probability of not detecting any CTCs in blood of patients with metastatic tumors is >0.3,
which means there might be other phenomena besides circulating tumor cells that cause
metastasis. Since no CTCs were detected in blood of 29% of metastatic breast cancer patients
starting a first or new line of therapy, it is unlikely that treatments are responsible for the lack of
detectable CTCs in blood [27]. Moreover, CTC counts do not change at different time-points
during a 24-h period [28].
The probability of detection of circulating tumor cells clusters in various metastatic carcinomas
(Table 2) uses the following formula:
𝑃(𝐶𝑇𝐶𝑠 𝑐𝑙𝑢𝑠𝑡𝑒𝑟𝑠 𝑖𝑛 𝑏𝑙𝑜𝑜𝑑|𝑀𝑒𝑡𝑎𝑠𝑡𝑎𝑠𝑖𝑠)
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 patients with metastatic tumor and CTC clusters in blood
=
(2)
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠 𝑤𝑖𝑡ℎ 𝑚𝑒𝑡𝑎𝑠𝑡𝑎𝑠𝑖𝑠

Table 1: Probability of detecting and not detecting CTCs in blood from patients
with metastatic cancer.

Cancer Type

P(CTCs | Metastasis)

P(No CTCs | Metastasis)

Breast Cancer
Prostate Cancer
Cancer of Unknown Primary Tumor
Ovarian Cancer
Gastric cancer
Colorectal Cancer
Lung Cancer
Pancreatic Cancer
Bladder cancer
Renal Cancer

0.4
0.63
0.52
0.38
0.31
0.4
0.2
0.19
0.29
0.25

0.6
0.37
0.48
0.62
0.69
0.6
0.8
0.81
0.71
0.75

Ref.
[22, 27, 64–66]
[27, 67]
[27]
[27]
[27]
[27, 68]
[27]
[27]
[27]
[27]
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Table 2: Probability of detecting CTC clusters in blood, if there is metastasis.
Cancer

Probability

Breast cancer
Prostate cancer
Melanoma

11/27 = 0.41
4/13 = 0.31
6/20 = 0.3

Ref.
[24]
[24]
[24]

Pre-metastatic niche
Recent studies show that the microenvironments of metastatic sites change before any tumor
cells exist there. It is suggested that recruited bone marrow progenitor cells change the host’s
environment to generate the “pre-metastatic niche”, to which the tumor cells metastasize [29].
Bone marrow-derived hematopoietic progenitor cells (HPCs) that express vascular endothelial
growth factor receptor 1 (VEGFR1) form cellular clusters at pre-metastatic sites before the
appearance of a single tumor cell [30]. MMP9 induction in the pre-metastatic lung by endothelial
cells and macrophages significantly increases lung metastasis. Matrix metalloproteinases
(MMPs) play a key role in wound healing, inflammation, tumor invasion and metastasis. In a
mouse model, suppression of MMP9 induction by deletion of either VEGFR-1TK or MMP9
markedly decreases lung metastasis [31]. The MMP9 levels in endothelial cells of healthy
regions of the lungs from patients carrying tumors in other organs were significantly higher
compared with those without tumors. Metastasis to a few lung lobes was actually found in 77%
of patients with primary tumors [31].

Injury and metastasis
There is some evidence of metastases to the sites of injuries; for example, two patients with
squamous cell carcinoma of the lung developed distant localized metastatic disease at sites of
physical injuries. One patient developed a metastatic tumor in the knee injured in an accidental
fall 6 weeks earlier, and the other patient developed metastatic tumors in the parts of the liver
that were injured in a mechanical fall 2 months earlier [32]. In a mouse model of metastatic
breast cancer, radiation-induced pulmonary injury leaded to chronic inflammatory responses and
the development of pre-metastatic niches [33]. In another mouse model, hepatic ischemiareperfusion injury increased the number of liver metastases of human pancreatic cancer (Capan1) cells injected into the spleen [34]. Lung injury induced by the chemotherapeutic drug,
bleomycin, increased the number of metastases, as also tumor cell adherence to extracellular
matrix and fibrin at injured areas [35]. From these findings it can be concluded that the sites of
injuries are potential metastatic sites.

Platelets
Platelets play a crucial role in metastasis; there is a significant correlation between platelet count
and survival time in patients with solid tumors [36]. There is also experimental evidence
showing that inhibition of platelet activation or platelet depletion decreases metastatic rates [3739]. Furthermore, circulating tumor cells can be found as a multi-cellular cluster associated
with platelets and white blood cells [40]. Metastasis seems to be reduced in one study when
a host was platelet-depleted [41, 42]. Moreover, platelets in tumor cell clusters release
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transforming growth factor-β (TGF-β) [43], and tumor cells that are bound to platelets
highly express EMT-associated genes and MMP-9 [44]. Platelets are important in repairing
injuries; the number of platelets will significantly increase, and they become activated in
wound healing. Activated platelets release a number of mediators to promote blood clotting,
cell division, cell migration and vasodilation [45]. Thus platelets could bind to cells, thereby
increasing their migration and proliferation in helping to repair a wound.

The case of no primary tumor
Cancer of unknown primary origin (CUP) is defined by the presence of metastatic disease
without an identified primary tumor. CUPs are 3.5% of all human malignancies, and one of the
10 most frequent cancers worldwide [46]. The most common subtypes of CUPs are
adenocarcinomas that are well to moderately differentiated, poorly differentiated carcinomas and
adenocarcinomas, squamous cell carcinomas, and undifferentiated neoplasms [47]. The major
sites of these CUP subtypes are bones, liver, lung and lymph nodes [47]. In one study of ocular
diagnosis in 420 patients, 278 reported a history of a primary tumor and 142 patients had no
history of a cancer. No primary site was found in 73 of the 142 patients, and around half of these
patients with no known primary tumor died of diffuse metastatic disease [48]. Chronic
inflammation might cause bone marrow cells to become adapted to the wound healing process.
Thus, the tumor would initiate at the sites where bone marrow derived cells are most active.

Wound healing and cancer treatment
Failure of traditional cancer therapies has been observed in almost all inflammatory cancers.
Although the failures of cancer treatment has been widely linked to the existence of resistant
cells or cancer stem cells [49], the high level of circulating inflammatory biomarkers is highly
associated with such failures [50]. Unnaturally dying cells or necrotic cells, which have been
caused by treatment, send signals to the immune system to replace them and repair the wound.
Therefore, I suggest that the failure of cancer treatment can mainly be associated with the wound
healing process in the tumor microenvironment after treatment. Extracellular high mobility
group box 1 (HMGB1), one of these damage-associated molecular pattern (DAMP) molecules,
is released from necrotic cells, thereby triggering inflammation and immunity [51]. HMGB1 is
passively released from necrotic cells or actively secreted from stressed cancer cells and immune
cells [52]. Release of HMGB1 in response to chemotherapy in leukemia increases resistance to
the therapy [53]. Moreover, binding of HMGB1 to toll-like receptor 4 (TLR4) on dendritic cells
(DCs) leads to early relapse after chemotherapy in breast cancer patients [54]. High levels of
HMGB1 also occur in patients with non-small cell lung cancer (NSCLC) after tumors have been
removed by surgery. Significantly high levels of both HMGB1 and transition factor p65 have
also been seen in NSCLC tumors with node metastasis [55]. Nasopharyngeal carcinoma (NPC)
patients with high levels of HMGB1 expression had poor overall and disease-free survival [56].
These insights imply that most common cancer therapies such as surgery, radiation, and
chemotherapy cause necrotic cell death [57], which activates the immune system similar to the
wound-healing process [58].
In one experiment, human ovarian cancer cells were added to bone marrow cells recovered from
mice irradiated with 1000 cGy. These irradiated bone marrow cells significantly increased
proliferation of human ovarian cancer cells compared to non-irradiated controls [59].
Furthermore, micro-metastases in bone marrow are frequently observed after chemotherapy;
their existence significantly reduces survival rate [60]. Decrease in the CTC count has been seen
during chemotherapy; however, after stopping the treatment the level of CTCs increased in
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prostate cancer patients [28]. Since the increase in the number of CTCs could be the result of
inflammatory processes initiated by activated immune cells [11], these observations suggest that
chemotherapy reduces the survival rate because it causes inflammation in bone marrow and
possibly other organs; inflammatory processes by these adapted immune cells lead to
tumorigenesis.
A simple computational model has recently been developed to investigate cell dynamics during
wound healing after cancer treatment that tend to kill epithelial cells, including surgery,
chemotherapy and radiotherapy [61]. The model predicts that the involvement of high-fitness
cancer cells in wound healing leads to faster relapse, and cancer cells outside of the wound can
result in a slow recurrence of the tumor. The model also reveals that the absence of relapse after
treatment implies a slow-developing tumor that might not reach an observable size in the
patients’ lifetime.
I argue that necrotic cells in the tumor microenvironment activate the immune system to initiate
the wound healing process. If a tumor includes adapted tissue and/or adapted immune cells,
these adapted cells start the wound healing process in the tumor microenvironment. Adapted
activated immune cells send more signals of proliferation and/or angiogenesis than normal cells.
If there were adapted cells, they would divide at a much higher rate in response to these signals
than normal cells. Thus, a tumor might be expected to recur after the treatment and is likely to
grow more aggressively (Figure 2).

Figure 2: Chemotherapy might cause metastasis. Chemotherapy causes necrotic cell death in tumors
and other organs. Necrotic cells activate immune cells, which initiate the wound healing process in sites of
inflammation, including the tumor environment. If the tumor is an inflammatory one, then it might contain
adapted tissue and/or adapted immune cells. Adapted cells respond to wound healing signals more strongly
than normal cells. Thus, a more aggressive tumor would reappear at the primary site, and new tumors
would form in other sites of inflammation. If chemotherapy is continued for a long period of time, chronic
injury occurs in the tumor and some other organs. Chronic inflammation can lead to mutations, i.e. the
formation of adapted cells, and adapted cells can initiate a tumor.

Conclusion
The hypothesis is that chronic inflammation causes adapted bone marrow derived cells (for
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example, adapted macrophages or T-cells) and/or adapted tissue cells (for instance, adapted
epithelial cells or stromal fibroblasts) to aid tumor initiation and progression. If adapted immune
cells are present, the new site of inflammation might be vulnerable to these adapted immune cells
and cause metastasis.
The new site of inflammation may recruit activated platelets that travel between sites of
inflammation, including the site of inflammatory carcinoma. Tumor cells can link to adhesion
receptors on platelets and travel along to these new sites of inflammation. Activated platelets
start the wound healing process at the new site, which now includes some tumor cells. Since
tumor cells respond to wound healing signals more strongly than normal cells, new tumors can
be initiated at such sites of inflammation [62, 63].
Finally, it is posited that most regular cancer treatment schedules do not work well for
inflammatory tumors, because these therapies cause inflammation in tumors and other organs,
and the involvement of adapted cells in wound healing processes after treatment can lead to
tumorigenesis.
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