Chapter 11
Psychoneuroimmunology and Cancer

11.1 The Systems-Based PNI Frameworks

More and more evidences are showing that psychosocial factors may affect cancer
development and progression. Systems-based psychoneuroimmunology (PNI)
frameworks and the dynamical psychosocial models may help understand the
changing demographics in cancer treatment and outcomes (Green McDonald et al.
2013; also see Chap. 1).

Although psychosocial care for cancer patients has been ignored historically,
such quality clinical care has been recommended across various stages of treatment
recently (Artherholt and Fann 2012). For instance, in a meta-analysis of 24 cancer-
specific studies of psychosocial interventions that applied PNI-based outcome mea-
sures, cognitive-behavioral therapies were shown to have the most significant
success using functional measures such as cytokines (Subnis et al. 2014).

Distress has been suggested as the sixth vital sign in the examination of cancer
patients. Evidences from the studies in psycho-oncology have associated psychoso-
cial factors with cancer, including distress, cognitive deficits, psychiatric morbidity,
as well as coping methods applied by cancer survivors (Chaturvedi and
Venkateswaran 2008). A recent study using rat models showed that isolation stress
may have impacts on the development of tumors, even though stress itself is not a
sufficient risk factor in cancer occurrence (De la Roca-Chiapas et al. 2016).

As an important psychological factor, stress is often experienced in cancer
patients and harms the protective functions of the immune system. Various diverse
interactions have been identified between malignant tissues and immunocytes.
Animal studies have demonstrated that neuroendocrine and immunological media-
tors of stress have impacts on the sympathetic nervous system, NK cell activities,
and cancer progression (Ben-Eliyahu et al. 2007).

As an example, breast cancer patients often blame “stress” as an important factor
in the disease development. PNI studies have revealed the effects of stress on molec-
ular and cellular pathways involved in carcinogenesis, especially the roles of
immune cells in the development and progression of epithelial cancer (Pant and
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Ramaswamy 2009). In addition, psychosocial factors including stress, pessimism,
and sleep quality may be critical factors in the development of HPV-mediated cervi-
cal neoplasia among HIV-positive patients (Jensen et al. 2007).

In a recent study of 379 patients with breast cancer undergoing treatment, social
support and positive worldviews were observed to have the most significant influ-
ences on survivorship experiences (Hulett et al. 2015). The study suggests that
because breast cancer is an immune-associated disease, the care for long-term sur-
vivors needs to embrace psychosocial factors such as distress with influences on
immune functions.

In the regulation of cancer progression, key roles have been identified for cate-
cholamine hormones including norepinephrine and epinephrine, as well as their
receptors including the p-adrenergic receptors (f-ARs) (Yang and Eubank 2013).
These catecholamines may mediate the impacts of psychological stress on different
stages of tumor progression such as proliferation, angiogenesis, and metastasis.
Because of the important roles of f-ARs, the potential applications of B-blockers
have been suggested for adjuvant cancer therapy (Yang and Eubank 2013). Such
mechanisms emphasize the translational importance of biobehavioral impacts on
tumor biology and cancer therapeutic outcomes.

Recent development in personalized medicine is improving the survival rate
among breast cancer patients. However, many of the survivors still suffer from co-
occurring psychoneurological symptoms with adverse influences on their quality of
life. These co-occurring symptoms are also called “symptoms clusters” with the
underlying epigenetic and genomic mechanisms associated with the interindividual
variability during and after treatments (Starkweather et al. 2013).

Systems biology-based PNI studies including the elucidation of the stress
response networks and inflammatory pathways may connect the genotypes with the
phenotypic “symptoms clusters” to support the practice of personalized medicine.
Because inflammation is a key factor in cancer development, the better understand-
ing of the inflammatory networks is becoming more and more important. For more
effective prevention and treatment, approaches including psychosocial instruments,
systemic biomarkers, and PNI-based measures would be helpful toward the devel-
opment of systems and dynamical medicine (Yan 2014; also see Chap. 1).

11.2 Inflammatory Pathways in Different Types of Cancer

11.2.1 Pancreatic Cancer and the NFATc2-STAT3-GSK-3p
Pathway

Epidemiological evidences have demonstrated that chronic inflammation is one of
the key risk factors for different types of cancer (Fan et al. 2013). Table 11.1 lists
some examples of the associated cellular networks. A more complete list can be
found in the Database of Psychoneuroimmunology (DPNI 2016).
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Table 11.1 Examples of stress- and inflammation-related pathways in cancers

Pathways and interactions

Associated pathogenesis/diseases

References

Inflammation-induced NFATc2
and STAT3 transcriptional
networks, GSK-3f

Pancreatic cancer progression and
growth

Baumgart et al.
2016

The p-Catenin signaling
pathways

Inflammation, fibrosis, hepatocellular
carcinoma (HCC)

Lee etal. 2014

The TGF- signaling pathways

Inflammation, DNA damage in the
forestomach, invasive squamous cell
carcinoma (SCC)

Achyut et al. 2013

The PPARS and PGE2 signaling
pathways

Colorectal cancer (CRC)

Wang and DuBois
2014

The toll-like receptors (TLRs)
signaling pathways

Colorectal inflammation and cancer

Fdiri et al. 2013

The JNKI stress signaling
pathways

High breast density and the tumor
stroma

Lisanti et al. 2014

The NF-kB signaling pathways

Chronic inflammation and cancer

Verstrepen and
Beyaert 2014

The NF-kB signaling pathways
(e.g., STAT3, p53, GSK3-p, p38,
PI3K, TLRs)

Inflammation and cancer

Hoesel and Schmid
2013

The NF-kB and STAT?3 signaling
pathways

Tumor angiogenesis and invasiveness

Fan et al. 2013

The TNF signaling pathways,
interactions with mutant p53,
DAB2IP

Inflammation in cancer

Di Minin et al. 2014

The IL-1 associated signaling
pathways (e.g., apoptosis, TLR,
MAPK, NLR, and NF-kB)

Cancer, chronic inflammation

Acuner Ozbabacan
etal. 2014

The IL-1 receptor-associated
kinase signaling pathways

Tumor growth, metastasis, immune
suppression, chemotherapy resistance

Jain et al. 2014

The IL-1p-mediated Central nervous system (CNS) ‘Wood and

inflammatory pathways inflammation, cancer treatment- Weymann 2013
related symptoms (CTRSs)

The inflammatory signaling Microbial-triggered carcinogenesis Kipanyula et al.

pathways (e.g., MMIF) 2013

The epithelial IL-6 signaling
pathways (microbiota induced)

Inflammation-induced colorectal
cancer (CRC) formation

Hu et al. 2013

The VEGF-associated pathways

Hematopoietic stem cell transplant
(HSCT)

Knight et al. 2013

The HPA and SNS axes

HSCT

Costanzo et al. 2013

The HPA axis

Inflammation and cancer

Starkweather et al.
2013

The macrophage migration
inhibitory factor-mediated
signaling pathways

Prostate cancer cells proliferation and
survival

Tawadros et al.
2013

The AMPK and autophagy
signaling pathways

Prostate cancer (PCa) with
neuroendocrine differentiation (NED)

Lin et al. 2016

The Erk/MAP kinase signaling
pathway

NED of small-cell lung cancers
(SCLC)

Chen et al. 2014
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For instance, in pancreatic cancer, glycogen synthase kinase 38 (GSK-3f) is
involved in the networks associated with proinflammatory oncogenic transcription
factor nuclear factor of activated T cells (NFATc2) and STAT3 complexes (Baumgart
et al. 2016; also see Table 11.1). Such interactions integrate the upstream signaling
activities that control pancreatic cancer progression and growth. With the GSK-3p-
associated phosphorylation of STAT3 and the formation of the NFATc2-STAT3
complex, the NFAT target promoters including cyclin-dependent kinase-6 may be
stimulated to enhance tumor growth (Baumgart et al. 2016).

Experiments using mice models indicated that targeting the NFATc2-STAT3-
GSK-3p module could suppress the proliferation and tumor growth, as well as block
the inflammation-caused pancreatic cancer progression (Baumgart et al. 2016). The
relevant networks have been suggested as the potential therapeutic targets for pan-
creatic cancer.

11.2.2 Hepatocellular Carcinoma (HCC) and the f-Catenin
Signaling Pathway

The p-Catenin signaling pathway has been correlated with hepatocellular carcinoma
(HCC) with a complex role in inflammation and fibrosis. A recent study using mice
and human models addressed the importance of the abnormal intratumoral -catenin
stabilization (Lee et al. 2014; also see Table 11.1). Those who had predominant
cytoplasmic with occasional nuclear (C/N) localization were associated with higher
levels of intratumoral inflammation and proliferation.

11.2.3 Squamous Cell Carcinoma (SCC) and the Pathways
of Tgfbr2, p21

Because stroma is pivotal in epithelial homoeostasis, the lack of tumor suppressor
genes in stromal fibroblasts has been correlated with epithelial cancer development.
In the neighboring epithelia of the forestomach, the lower levels of TGFf receptor
2 (Tgfbr2) in the stromal fibroblasts (Tgfbr2(fspKO)) may cause inflammation and
DNA damages (Achyut et al. 2013; also see Table 11.1). Such changes may lead to
the lower levels of cyclin-dependent kinase inhibitors p15, p16, and p21, resulting
in the development of invasive squamous cell carcinoma (SCC).

Because inflammation is essential in the epigenetic silencing of p21 in the tumor
progression processes, anti-inflammation therapies have been found to restore p21
expression and block tumorigenesis (Achyut et al. 2013). These findings refer to the
option of anti-inflammation for the therapy of human SCCs with the lower levels of
TPRII in the stroma.
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11.2.4 Colorectal Cancer and the Signaling Pathways of TLRs
and PPAR)

The nuclear hormone receptor peroxisome proliferator-activated receptor & (PPARS)
has been found essential for the chronic colonic inflammation and colitis-related
carcinogenesis (Wang and DuBois 2014). It has also been correlated with fatty acid
metabolism, obesity, and wound healing.

The COX-2-derived PGE, signaling pathway is a PPARS downstream pathway
that facilitates the communications between tumor epithelial cells and macrophages
(Wang and DuBois 2014; also see Table 11.1). Such activities may enhance chronic
inflammation and colitis-related tumor genesis. With its critical roles in inflammatory
bowel disease (IBD) and colorectal cancer (CRC), the PPARS-associated network
may be the potential targets for the discovery of novel therapeutics of IBD and CRC.

In addition, the signaling pathway of toll-like receptors (TLRs) has been associ-
ated with the pathogenesis and treatment of inflammatory bowel diseases and
colorectal cancer (Firi et al. 2013; also see Table 11.1). TLR9 is one of the TLRs
and its signaling is involved in colorectal carcinogenesis and colonic inflammation.
It may facilitate cytokine productions in the colonic mucosa.

TLRO can be stimulated by bacterial or viral DNA fragments, immunoglobulin—
DNA complexes, or synthetic oligonucleotides (Fiiri et al. 2013). These stimulants
have unmethylated cytosine—guanine nucleotide sequences (CpGs). The stimulation
of TLRY through CpGs has been proposed as a possible therapeutic target for can-
cerous and inflammatory disorders.

11.2.5 Breast Cancer and Various Signaling Pathways

The gene set enrichment analysis (GSEA) of genome-wide transcriptional profiling
data from low-density (LD) and high-density (HD) mammary fibroblasts has shown
that HD fibroblasts have higher activities of the essential cellular processes (Lisanti
et al. 2014). These processes include stress responses and inflammation. The tran-
scriptional profiles of HD fibroblasts have indicated the functional similarities with
those cancer-associated fibroblasts (CAFs) in the head and neck, liver, thyroid, lung,
and breast cancers.

The GSEA also suggests that different signaling pathways can be relevant in the
processes, such as those of the JNK1, iNOS, Rho GTPase(s), FGF-R, EGF-R, and
PDGF-R-associated signal transductions (Lisanti et al. 2014; also see Table 11.1).
These connections may generate a microenvironment that is proinflammatory, pro-
proliferative, and cytokine rich. Other relevant gene profiles include those from
smooth muscle cells under stress (JNK1) and activated/infected macrophages
(iNOS). The INK1 stress signaling has been related to tumor recurrence, the transi-
tion to malignancy, and the pathogenesis of breast cancer.
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The shared features have been recognized among the genetic profiles of the HD
fibroblast, wound healing, and the cancer-associated fibroblast phenotypes (Lisanti
et al. 2014). Such mechanisms may indicate a framework of personalized medicine
for different diseases sharing the common pathways such as those in the inflamma-
tory microenvironment (also see Chap. 1).

11.3 The NF-kB- and p53-Associated Pathways

The family of the transcription factor NF-kB is essential in various cellular activities
such as innate and adaptive immune signaling, inflammation, proliferation, and sur-
vival (see Chap. 4). The alterations in the NF-kB-associated pathways have been
related to autoimmunity, chronic inflammation, and various stages of cancer initia-
tion and progression (Verstrepen and Beyaert 2014; Hoesel and Schmid 2013).

The activation of NF-kB needs IkB kinase (IKK)a or § and can be affected by
phosphorylation via certain IKK kinases and autophosphorylation. Various classes
of molecules may be involved in the NF-kB-associated interactions, including reac-
tive oxygen species (ROS) and miRNAs. Components associated with the canonical
NF-kB signaling pathway also include lipopolysaccharides (LPS) and toll-like
receptors (TLRs) (Hoesel and Schmid 2013).

Complex crosstalk has been identified between NF-kB and various transcription
factors including the signal transducer and activator of transcription 3 (STAT3) and
p53 or the ETS related gene (ERG) (Hoesel and Schmid 2013). The crosstalk may be
mediated through different kinases including GSK3-f, p38, PI3K, c-Jun N-terminal
kinases (JNKs), and can influence the upstream signaling pathways (see Table 11.1).

Recent studies have emphasized the interactions between NF-kB and STAT3 in
colon, gastric, and liver cancers (Fan et al. 2013). STAT3 interacts with many genes
in cellular responses, cell growth, and apoptosis. The STAT3 and NF-kB interaction
is critical in the regulation of the communications between cancer cells and inflam-
matory cells, as well as tumor angiogenesis and invasiveness. The elucidation of
NF-kB-associated signaling pathways such as the NF-kB and STAT3 cooperation
may be helpful for finding novel chemopreventive and chemotherapeutic strategies
(Fan et al. 2013; also see Table 11.1).

In addition, the tumor suppressor p53 is often mutated in cancer and the p53 mis-
sense mutants (mutp53) may have oncogenic features (Di Minin et al. 2014). The
interactions between mutp53 and inflammatory cytokines may enhance the invasive
activities of cancer cells. Specifically, mutp53 may stimulate NF-kB activation but
inhibit the activation of ASK1/JNK by TNFa (Di Minin et al. 2014; also see
Table 11.1). The mutant p53-associated networks may affect tumor evolution and
the complex processes in inflammation.

Furthermore, the positive and negative feedback mechanisms may add another
level of complexity to the NF-kB signaling pathways. For instance, the positive
feedback molecules may include the X-linked inhibitor of apoptosis protein (XIAP),
tumor necrosis factor o (TNFa), and interleukin-1 (IL-1) (Hoesel and Schmid
2013). The negative feedback circuits may include the NF-kB target genes such as
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IkBa, Cylindromatosis (CYLD), and A20. The NF-kB-associated pathways have
been proposed as the potential treatment targets for inflammatory disorders and
cancer (Verstrepen and Beyaert 2014; also see Table 11.1).

11.4 The Interleukin-1 (IL-1) Cytokine Family
and Associated Pathways

Interleukin-1 (IL-1) is a large cytokine family involved in innate immunity, chronic
inflammation, oncogenic mutations, and cancer development. IL-1 proteins are
critical in signaling pathways including those of apoptosis, TLR, MAPK, and
NF-kB. In silico analysis and the comparison of the mutagenesis and binding ener-
gies have indicated that single nucleotide polymorphism (SNP) mutations may
affect the complex interactions (Acuner Ozbabacan et al. 2014).

An important pathway that links chronic inflammation with the development of
cancer is related to IL-1 receptor-associated kinases (IRAK). The IRAK family has
four members including IRAK-1, IRAK-2, IRAK-3 (also named as IRAK-M), and
IRAK-4. The IRAK-associated interactions are involved in the regulation of tumor
growth, metastasis, immune inhibition, as well as chemotherapy resistance. The
dysfunctions in the IRAK signaling pathway among cancer cells may enhance the
inflammatory tumor microenvironment and result in cancer progression (Jain et al.
2014, also see Table 11.1).

In addition, the treatment using cytotoxic chemotherapeutic agents (CCAs) may
induce a cluster of treatment-associated symptoms among cancer patients (Wood
and Weymann 2013). Such cancer treatment-related symptoms (CTRSs) are often
shown as fatigue, low appetite, sleep problems, depression, cognitive decline, and
alterations in body composition. These symptoms may cause lower levels of quality
of life, as well as physical and social difficulties.

Studies have revealed that CTRS may be strongly associated with CCA-caused
interleukin-1p (IL-1p) signaling pathways (Wood and Weymann 2013; also see
Table 11.1). CCAs may trigger the intracellular stress response networks with the
higher levels of IL-1f, IL-6, IL-1 receptor antagonist, and soluble TNF receptor-1/
II. Another important factor may be IL-1f-associated central nervous system (CNS)
inflammation with the alterations in the hypothalamic and hippocampal functions.
These mechanisms provide the implications for potential therapeutic strategies in
relieving these symptoms among cancer patients.

11.5 Inflammatory Pathways in the Microbiota

Gut microbiota bacteria are mutualistic microorganisms in the gastrointestinal tract.
They are essential in digestion, immunity, and cancer prevention. The alterations in
the microbiota environment have been identified pivotal in the pathogenesis of
inflammatory bowel disease (IBD)-related and inflammation-caused colorectal
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cancer (CRC) (Hu et al. 2013; Kipanyula et al. 2013). Abnormal inflammatory con-
ditions in microbiota have been correlated with CRC development.

In mice models, the deficiencies in the NOD-like receptor family pyrin domain
containing 6 (NLRP6) and IL-18 were related to inflammation-caused CRC forma-
tion (Hu et al. 2013). Higher levels of tumorigenesis have been associated with
inflammation that is microbiota caused and chemokine (C-C motif) ligand 5 (CCLS5)
driven. Such conditions may activate the IL-6 pathway and enhance epithelial cell
proliferation, resulting in cancer formation (see Table 11.1). Moreover, in certain
situations the components of microbiota may transmit the susceptibility of CRC
between individuals.

These emerging evidences are supporting the correlations between inflammatory
signaling pathways and microbial-stimulated carcinogenesis (Kipanyula et al. 2013;
also see Table 11.1). Although microbial-stimulated inflammation may provide the
protection against pathogens, persistent inflammatory responses may cause second-
ary damages to the host tissues and lead to tissue fibrosis and carcinogenesis.

For example, genotoxic and mutagenic pathogens such as Escherichia coli may
lead to DNA damages in different cell types. Inflammatory responses caused by
chronic infections from pathogens may also stimulate the carcinogenic activities.
An altered microenvironment with increased levels of inflammatory signaling mol-
ecules may promote the carcinogenic conversion of host cells (Kipanyula et al.
2013).

The molecules generated during immune responses may result in further DNA
damages and the oncogenic mutations. These molecules include the macrophage
migration inhibitory factor (MMIF), the reactive oxygen, and nitrogen species’
products superoxide and peroxynitrite (Kipanyula et al. 2013). Furthermore, proin-
flammatory cytokines, adhesion molecules, and growth factors may affect the
microenvironment and enhance neoplastic cell survival and proliferation. These
mechanisms suggest the importance of microbiota regulations in cancer prevention
and treatment.

11.6 Biobehavioral Pathways in Hematopoietic Stem Cell
Transplant Patients

As the psychosocial factors may affect cancer progression through biobehavioral
pathways, such correlations may also be important among hematopoietic stem cell
transplant (HSCT) patients (Knight et al. 2013). These pathways include the inflam-
matory signaling networks and the vascular endothelial growth factor (VEGF)-
associated pathways.

Studies have demonstrated that psychosocial factors may influence the hormonal,
messenger, and immune systems. Mediated by the biobehavioral pathways, such
effects may have impacts on the overall success of HSCT including the mortality,
relapse, progression, and survival (Knight et al. 2013; also see Table 11.1).
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The correlations among psychosocial factors, immune functions, and clinical
results are significant for the timely immune recovery, the immune control of infec-
tions, as well as the elimination of cancer cells (Costanzo et al. 2013). PNI research
has indicated that the recovery stage after HSCT may be a “window of opportunity”
because stress-associated behavioral factors may affect the survival and well-being
of the HSCT recipients.

Specifically, these stress factors may influence the functions of the hypothalamic—
pituitary—adrenocortical (HPA) and sympathetic nervous system (SNS) axes (Costanzo
et al. 2013; also see Table 11.1). The molecules such as glucocorticoids and catechol-
amines associated with these networks may affect the bone marrow microenviron-
ment and cell recovery processes. An inflammatory environment may be induced with
possible results of severe graft versus host disease (GVHD). These mechanisms high-
light the PNI factors in disease recurrence, survival, and quality of life.

11.7 The HPA Axis and the Roles of Melatonin

The individual variations and risk factors that may affect the psychoneurological
symptoms in breast cancer patients include perceived stress, malfunctions in the
HPA axis, and inflammation (Starkweather et al. 2013; also see Table 11.1). PNI
studies of these factors and mechanisms may contribute to the understudied area of
cancer research and improve the psychoneurological conditions among cancer
patients and survivors.

Specifically, anticancer immunity is affected by psychoneuroendocrine functions
including the pineal gland and brain opioid system. Immunosuppression therapies
targeting cancer cells may rely on the neuroimmuno-modulation effects, which can
be influenced by the blood levels of the pineal hormone melatonin (MLT) (Lissoni
et al. 2008).

A study of 846 patients with metastatic solid tumors including non-small-cell
lung cancer and gastrointestinal tract tumors showed that the administration of MLT
alone could promote disease stabilization and survival time when compared with
supportive care alone (Lissoni et al. 2008). The administration of both IL-2 and
MLT provided a further improvement in tumor regressions and survival when com-
pared with MLT alone.

11.8 Inflammatory Pathways Associated
with Neuroendocrine (NE) Differentiation

In prostate cancer (PCa) cells, the neuroendocrine (NE) cells have been found to
affect tumor growth and progression (Tawadros et al. 2013). The underlying mecha-
nisms have been correlated with hormone refractory PCa (HRPC) and the repressor
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element-1 silencing transcription factor (REST) (Lin et al. 2016). REST is a tran-
scriptional inhibitor of neuronal genes associated with androgen deprivation and
IL-6-caused NE differentiation (NED). It has a key role in hypoxia-caused NED of
PCa cells.

Bioinformatics, gene ontology (GO), and gene set enrichment analysis (GSEA)
of the transcriptome profiles have revealed the tight relationships among HRPC,
REST reduction, and hypoxia-caused tumorigenesis (Lin et al. 2016). The activa-
tion of the AMPK signaling pathway and NE development is also essential (see
Table 11.1). The elucidation of such mechanisms may contribute to potential thera-
peutic approaches for the treatment of HRPC, the aggressive type of cancer that is
difficult to treat.

In addition, the proinflammatory cytokine macrophage migration inhibitory fac-
tor (MIF) has been closely associated with oncogenic activities and the aggressive-
ness of PCa (Tawadros et al. 2013). Higher levels of MIF during NED in PCa may
mediate cancer progression or recurrence, especially in the condition of androgen
deficiency. MIF may interact with the AKT and ERK1/2 signaling pathways and
result in the cancer cell proliferation and resistance to paclitaxel and thapsigargin-
caused apoptosis (see Table 11.1). The MIF-associated pathways have been sug-
gested as the potential target for PCa treatment.

Furthermore, NED has been observed in almost all of the small-cell lung cancers
(SCLC) and carcinoid tumors (Chen et al. 2014). In non-small-cell lung cancers
(NSCLC), about 10-20 % have been related to NED. NED of NSCLC has been asso-
ciated with various signaling pathways including the activation of Erk1/2-mitogen-
activated protein kinases (MAPK) signal transductions (see Table 11.1). In addition,
the suppression of the Akt signal transduction pathway may also be related. Further
explorations of the complex Erk/MAPK signal transduction pathways may be help-
ful for identifying new targets for the therapy of NSCLC with NED.
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