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(HPV). Inflammation is a protective strategy that is triggered by the host against pathogens such as
viral infections that acts rapidly to activate the innate immune response. Inflammation is beneficial
if it is brief and well-controlled, however, if the inflammation is excessive or it becomes of chronic
duration, it can produce detrimental effects. HPV proteins are involved, both directly and
indirectly, in the development of chronic inflammation, which is a causal factor in the
development of CC. However, other factors may also have a potential role in stimulating chronic
inflammation. MicroRNAs (miRNAS) (a class of non-coding RNASs) are strong regulators of gene
expression. They have emerged as key players in several biological processes, including
inflammatory pathways. Abnormal expression of miRNAs may be linked to the induction of
inflammation that occurs in CC. Exosomes are a subset of extracellular vesicles shed by almost all
types of cells, which can function as cargo transfer vehicles. Exosomes contain proteins and
genetic material (including miRNAs) derived from their parent cells and can potentially affect
recipient cells. Exosomes have recently been recognized to be involved in inflammatory processes
and can also affect the immune response. In this review, we discuss the role of HPV proteins,
miRNAs and exosomes in the inflammation associated with CC.
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Introduction

Worldwide, cervical cancer (CC) ranked as the fourth most commonly diagnosed cancer and
the fourth cause of cancer death in women. In 2018, there were an estimated 570,000 cases
diagnosed globally, resulting in 311,000 deaths. Almost 85% of these deaths occurred in
developing or underdeveloped countries 1 2, The majority of CC cases result from infection
with certain sub-types of the human papilloma virus (HPV). The HPV genome has been
identified in nearly 95% of CC lesions. Most HPV infections will be cleared spontaneously
and are transient in nature. However, persistent infection with certain HPV strains may result
in the development of the premalignant condition known as cervical neoplasia 3 4. The
integration of the HPV E7 and E6 oncogenes into the host genome is considered to be the
key step in the development of CC °. Immune evasion is an important cause of persistent
HPV infection. Because there is no overt viremia or cytolysis after the initial HPV infection
in the cervix, there is no inflammation at the early stages and no activation of the innate
immune system. The virus completes its life cycle in actively dividing cells employing the
host cellular machinery 6. Once established, the persistent infection triggers changes in the
secretion of inflammatory cytokines, which in turn leads to immune cell infiltration. In older
patients with persistent HPV infection, alterations in the responsiveness of the immune
system and increased systemic levels of inflammatory cytokines have been found 7. In
clinical studies, this age group is more likely to be diagnosed with CC & and is more likely to
show sustained elevation of cytokines, which contributes to the tumorigenesis of HPV .

Inflammation is one part of the complicated biological response mounted by body tissues to
dangerous stimuli, including pathogens, irritants, or injured cells. Inflammation is designed
to be a protective response, which involves blood vessels, immune cells, and molecular
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mediators °. Inflammation acts rapidly to release chemokines and cytokines, which activate
the host innate immune response. These mediators operate in concert and facilitate the
recruitment of effector cells to the site of injury or infection 10-12, After the elimination of
the triggering stimulus and the resolution of the injury, inflammation should be disabled in a
programmed manner. However, if the stimulus is persistent, the acute inflammation becomes
chronic in nature and evidence suggests that chronic inflammation is strongly associated
with cancer 10:13.14 Ahout 20% of human cancers are associated with chronic
inflammation caused by infectious agents, autoimmune diseases and long-term exposure to
irritants and other noxious agents. Common causes of persistent inflammation that lead to
cancer development, include infection with hepatitis C or B viruses that lead to
hepatocellular carcinoma, inflammatory bowel disease that leads to colorectal cancer and
infection with Helicobacter pylorithat leads to gastric cancer 1°. However, the role of HPV
infection in the induction of chronic inflammation and the link between chronic
inflammation and HPV-induced CC carcinogenesis remains controversial.

Multiple factors are needed for the development of CC, such as the interaction of the virus,
host-dependent and environmental factors 16, Furthermore, there is evidence that the
epigenetic regulatory machinery can lead to dysregulation of tumor-suppressor genes and
activation of oncogenes, triggering the malignant phenotype in cancer cells 17: 18, In this
regard, miRNAs (miRNAs) play a major role as regulators of cell cycle progression,
apoptosis, metastasis and chemoresistance 18-20, miRNAs are small non-coding RNAs
which regulate the expression of genes at a post-transcriptional level, by incomplete
sequence pairing to the 3’UTR region of their target MRNAs 19, Recent studies have
identified those miRNAs which have different expression profiles and play an important role
in diverse physiological and pathological processes, such as carcinogenesis, viral infections
and oncogenesis 1% 21, miRNAs have also been implicated in the regulation of both adaptive
and innate immune responses, as well as inflammatory networks in various tissues and cell
types 21, Inflammatory mediators cause dysregulation of miRNASs and vice versa certain
miRNAs operate as inflammatory mediators. Dysregulation of miRNAs has been observed
during CC development and several dysregulated miRNAs have the ability to modulate the
initiation and development of inflammation-induced cervical carcinogenesis 2 22,

Exosomes are nanovesicles about 30-150 nm in sizeand are released by almost all cell types,
under both pathological and physiological conditions. These nanovesicles are involved in
intercellular communication at both local and systemic levels 23-25, Exosomes are vehicles
that are able to transfer nucleic acids, proteins and lipids from donor cells to recipient cells,
thereby influencing the target cell metabolism 26: 27, Multiple studies have assessed the
effect of exosomes in neurodegenerative diseases, sepsis, arthritis, inflammatory bowel
disease, atherosclerosis and diabetes, and taken together, suggest that exosomes may
participate in the development of several inflammatory diseases 28. Although inflammatory
mediators (chemokines and cytokines) are the major players in the initiation of the
inflammatory response, increasing evidence supports the longer-term connection between
inflammation and exosomes 28, Immunosuppression and inflammation are well-established
factors that govern the progression of cancer, while exosomes derived from tumor cells are
also involved in the modulation of inflammation and immune system to promote
tumorigenesis. Exosomes originating from gastric cancer or breast cancer cells have been
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demonstrated to trigger the activation of nyciear factor kappa light chain enhancer of activated B cells
(NF-xB), which causes the production and release of pro-inflammatory cytokines, including

C-C motif chemokine ligand 2 (CCL2), granulocyte colony stimulating factor (GCSF),
tumor necrosis factor-a. (TNF-a), and interleukin 6 AL-6)28-30, Furthermore, macrophages
treated with exosomes can cooperatively increase the invasive and migratory properties of
tumor cells 28, However, the role of CC-derived exosomes in the modulation of
inflammation and how they contribute to CC progression has not yet been fully studied. In
the present review, we will discuss the role of HPV proteins, miRNAs, exosome-mediated
inflammatory responses and how they contribute to the development of CC.

2. Inflammation and Cervical Cancer

Inflammation means, “to set on fire” and is a protective mechanism triggered by exposure to
a myriad of factors, including diseases, infections and trauma. Not surprisingly, the failure of
the normal inflammatory program can lead to considerable harmful effects. The
inflammatory environment involves a complex network of soluble molecular messengers and
biological players, including plasma proteins, cytokines, chemokines, innate and adaptive
immune cells, extracellular matrix, stromal fibroblasts and the vascular blood and lymphatic
networks. Inflammation can be classified as either acute or chronic depending on the time
course. Acute inflammation persists for only a couple of days or weeks at the most. It
involves three primary processes: 1) alterations in the vascular diameter; 2) structural
alterations in the microcirculation; 3) adhesion and transmigration of leukocytes from the
microcirculation into the tissue. After eliminating the infection or controlling the initial
injury, mechanisms should be immediately activated which limit any type of damage to the
host and initiate the tissue repair processes. If for some reason the inflammation continues
too long, chronic inflammation can become established, which can persist over months or
even years 31, Chronic inflammation takes place for two main reasons: 1) the host is unable
to eliminate the original stimulus; or 2) the host cannot carry out the resolution of
inflammation program 32. Chronic inflammation involves progressive changes in several
kinds of inflammatory cells and can participate in the causation of chronic diseases, such as
cardiovascular, arthritis, diabetes, neurological diseases and cancer 33,

Researchers have suggested that there is a relationship between inflammation and cancer,
but this suggestion is not a thoroughly novel idea, because Rudolf Virchow (1863)
demonstrated that inflammation and chronic irritation could lead to cancers 34. Nowadays,
inflammation is accepted as a significant cancer hallmark (Figure 1). It is estimated that an
excessive inflammatory response is associated with at least 15-20% of all cancer deaths
worldwide 3%, Persistent infection with Helicobacter pylori, hepatitis virus B or C (HVB or
HVC), or HPV can cause chronic inflammation in the specific affected organs and increases
the risk of cancer 34,

Chronic inflammation may be also be caused by long-term exposure to noxious chemicals or
the presence of chronic autoimmune disease. Cancer-related inflammation (CRI) promotes
tumor growth that is independent of growth factors, has unlimited replicative potential,
shows escape from programmed cell death, resistance to growth inhibition, promotes
angiogenesis, cancer cell extravasation and metastasis 36. Some cancer therapies such as
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radiotherapy or chemotherapy can cause necrotic cell death, which can increase tumor-
associated inflammation, which can lead on one hand to induction of antitumor immunity, or
on the other hand can lead to the development of resistance to therapy 3. The involvement
of chronic inflammation has been considered to be important in several cancers, including
colon, lung, gastric and cervical malignancies 38: 3.

Intrinsic and extrinsic pathways may directly or indirectly activate inflammatory cells, such
as macrophages and T cells. Hyperactivation of inflammatory pathways plays a significant
role in tumorigenesis, promoting progression from low-grade lesions to high grade invasive
CC lesions 40. NF-xB is a transcription factor implicated in immune cell activation and
chronic inflammatory responses. HPV-16 E5, E6 and E7 oncoproteins can trigger activation
of the NF-xB pathway, which is correlated with the progression of carcinogenesis in CC.
COX-2 is also activated in response to inflammatory stimuli, including cytokines, growth
factors and mitogens. NF-xB has been identified as a positive regulator of COX-2. On the
other hand, caspase-1 that cleaves pro-IL-1p to mature IL-1p, is an activator of NF-xB.
Interestingly, the NF-xB-COX-2/caspase-1 pathway has been demonstrated to be
responsible for cell growth, anti-apoptosis and inflammation in CC cells 4%, Toll-like
receptor 4 (TLR4) is a pattern recognition (or Toll-like) receptor, which is also associated
with tumor growth and inflammation in CC. TLR4 signaling initiates cell activation,
inflammation and tumor growth through MyD88-dependent and NF-xB-associated signaling
pathways. TLR4 down-regulation has been demonstrated to be a potential cause of apoptosis
in SiHa CC cells #2. Furthermore, EGFR contributes to extensive crosstalk between other
signaling pathways, which are involved in the release of growth factors, cytokines and
inflammatory mediators. EGFR over-expression has been found to be related with the
induction of inflammation and with poor prognosis in CC patients 42.

Cytokines are small, secreted proteins that are released by cells. Cytokine is a general term
for secreted mediators of cell-cell communication. Other terms are lymphokines (cytokines
secreted by lymphocytes), monokines (cytokines secreted by monocytes), chemokines
(cytokines with chemotactic activity), and interleukins (cytokines secreted by one type of
leukocyte, which act on other leukocytes) 43. Cytokine expression by tumor cells attracts
inflammatory cells that result in further tumor growth and progression. Various lines of
evidence support this mechanisms occurring in CC 44, Recent publications have shown a
correlation between dysregulation of several cytokines, and the occurrence of cervical pre-
cancerous lesions (LSIL, HSIL), progression from pre-cancer to ‘in situ’ cancer, further
invasion and the final phase of metastasis °. For some time, researchers had assumed that
cytokines were mainly messenger molecules in the immune system, which guide leucocytes
to inflamed sites*®. Researchers now believe in an association between dysregulated
cytokines and a majority of cancers, in which they contribute to cell transformation, rapid
growth, survival, angiogenesis, invasion and metastasis. Over 33 cytokines have been
already identified, and a number of cytokines or their receptors are significantly altered in
the carcinogenesis and metastasis of cervical cancer 4°.

Cytokines such as IL-6, IL-8, IL12, IL-4R, vascular endothelial growth factor (VEGF), IL-4,
IL-10, etc have been used as biomarkers for assessing the risk of invasive cancer and
metastasis 46 47, Many cytokines are significantly altered in cervical precancer and cancer,
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more so in advanced cancer with metastasis. Excessive expression of a number of cytokines;
for example, IL-6, IL-17, and IL-8 show a relationship with tumor growth. On the other
hand, different cytokines are associated with the inhibition of HPV replication and tend to
suppress tumors; for example, IL-1, TNF-a, TGF-p and IFN-a in the early phases of tumor
development 45

Infection with HPV is recognized to be the key cause of CC. High expression levels of IFN-
v mMRNA have been found in CC patients infected by HPV 48, Furthermore, it was shown
that high levels of TNF-a contributed to monocyte differentiation into mature DCs in CC.
TNF-a is the most important proinflammatory cytokine which is produced by macrophages
and monocytes, playing both anti-carcinogenic and pro-carcinogenic roles 4% 0, Mutations
in the A allele and the GA/AA SNP in TNF-> j308 have been demonstrated as risk factors
for CC development 30. Another cytokine, IL-6, is associated with persistent HPV infection
and with the progression of CC. IL-6 activates the signal transducer and activator of
transcription 3 (STAT3) oncogene, which contributes to chronic inflammation in CC.
Abnormal STAT3 signaling promotes tumor cell growth, invasion, metastasis and
inflammation. Its persistent activation has been proposed to be a marker of poor prognosis in
CC 40, Moreover, Th2 type inflammatory cells are elevated during the progression of HPV
induced cervical lesions. One of the best studied Th2 type cytokines, IL-10, has been found
to be increased in cervical tissues and sera from HPV-infected patients and is correlated with
high-grade lesions ®1. In addition to I1L-10, IL-8 plays a causative role in acute inflammation.
It has been suggested that elevated production of IL-8 triggered by cell cycle and apoptosis
regulator 2 (CCAR?2) under conditions of oxidative stress, has a role in inflammation and
progression of CC 92, I1L-12 is a heterodimeric proinflammatory cytokine with antitumor
activity because it promotes cytotoxic T cell (CTL) responses and Th1l adaptive immunity.
The polymorphisms in the IL12 gene, /L 12Brs3212227 and /L 12Ars568408 contribute to
the risk of CC 3. Moreover, CCL2 (MCP-1), is another chemokine that regulates infiltration
and migration of macrophages/monocytes. It has been suggested that CCL2 expression by
CC cells is correlated with an enhanced infiltration by inflammatory macrophages, and
reduced disease-free survival in CC patients 4°.

Taken together, these lines of evidence suggest the role of chronic inflammation and its
mediators in CC progression and development (Figure 2). Therefore, more complete
understanding of the type and function of CC-related inflammation, may provide new ways
to improve on recent successful immunotherapy approaches and suggest new biomarkers for
diagnostic assays and targets for therapy.

3. HPV and inflammation in cervical cancer

Long-term chronic inflammation due to persistent HPV infection is one potential cause for
the development of cervical cancer. This is a complex process involving the participation of
reactive oxygen and reactive nitrogen species, cytokines, chemokines, growth and cell
survival factors, enzymes (including cyclooxygenase (COX) and metalloproteinases),
prostaglandins and specific types of miRNAs 4. The collective action of these mediators
induces changes in the processes of proliferation, senescence and cell death and also causes
mutation and methylation of DNA, and stimulates angiogenesis contributing to development
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of HPV-induced CC %4, Inflammation is activated when pattern recognition receptors (PRRS)
expressed by innate immune system cells recognize pathogen-associated molecular patterns
(PAMPs) and/or damage-associated molecular patterns (DAMPs). Once PRRs have detected
DAMPs or PAMPs, signaling pathways are triggered, NF-xB is activated and transported to
the nucleus. Transcription of several NF-xB-responsive genes leads to expression of proteins
that mediate the inflammatory response (e.g. TNFa, IL-6, COX-2 and ICAM), proliferation
(CDK2), cell survival (XIAP, clAP, BCL2 and BCL-xL) and angiogenesis (VEGF) 55-58,
NF-xB is the key player that connects inflammation and cancer 8. Transcription factors
such as STAT3 and NF-xB are activated by inflammatory cytokines, including TNF-a,
IL-1B and IL-6. The activation of NF-xB in normal keratinocytes inhibits proliferation and
decreases the tendency towards malignant transformation; however in immortalized
keratinocytes deregulation of NF-xB can support malignant traits both /n vivoand in vitro
59, The low levels of NF-xB activation found in low-grade intraepithelial lesions of cervical
squamous tissue was shown by IxB-a phosphorylation, and STAT3 was activated in both the
suprabasal and basal layers of the uterine cervix infected with HPV-16 60: 61 Prabhavathy
and colleagues reported that HPV-16 E2 protein potentiated the activation of STAT3 and NF-
kB through proinflammatory cytokines, and also decreased the E2 protein-mediated
apoptotic effects in the HEK 293 cell line. They suggested that cells infected with HPV-16
E2 might have a survival advantage in the presence of chronic inflammation. This is
probably a beneficial strategy for the virus life cycle, in which escape from the cell-death
process encourages carcinogenesis in epithelial cells infected with HPV 62, Cell sensitivity
to apoptosis mediated by TNF-a is regulated via several factors, such as NF-xB and viral
infections. Activation of NF-xB plays an important role in regulating cellular sensitivity to
TNF-a, by regulating the expression of multiple anti-apoptotic genes 3. Increased
tumorigenicity of human keratinocytes transformed with HPV-16 was related to TNF-a
resistance acquired during HPV infection 4. Prabhavathy et al studied the effects of TNF-a.-
mediated NF-xB activation on the senescence induced in response to E2 in HPV-16-
integrated SiHa cells. They observed that E2 suppressed the expression of the endogenous
E6 gene, and sensitized SiHa cells to TNF-a-induced NF-xB activation. In addition, the
expression of the senescence proteins, p16, p21, p27 and p53 was increased, and
senescence-associated (SA)-B-galactosidase activity demonstrated that TNF-a. enhanced E2-
mediated senescence. In this study, re-expression of the E2 gene after TNF-a treatment led
to up-regulation of anti-apoptotic Bcl2 protein and other pro-survival genes, including cyclin
D1, human telomerase reverse transcriptase (hnTERT) and survivin. Concomitantly, the
combination of TNF-a and E2 increased cell survival, proliferation and colony formation.
Another observation showed the over-expression of key senescence factors (such as
HMGA1, HMGBLY, IL-16 and IL-8) was regulated by NF-xB, in cells treated with TNF-a
and simultaneously transfected with E2 5.

Many studies have demonstrated that chronic inflammation, and its mediators (IL-1, IL-6,
IL-8, IL-18, COX, TNF-a etc) can make a significant contribution to the progression of CC.
Various studies have focused on the interaction between HPV proteins and the inflammatory
pathways in HPV-mediated cervical carcinogenesis. The pro-inflammatory cytokines, TNF-
a and IL-1a are released after macrophage infiltration of tissue in response to infection or
injury; these cytokines are also secreted by human cervical epithelial cells %668, Some
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studies have demonstrated that TNF-a and IL-1a have opposite effects on the growth of
immortalized vs. normal cervical cells. These cytokines inhibited the proliferation of normal
ectocervical or endocervical epithelial-derived cells. In contrast, both TNF-a and IL-1a
stimulated the proliferation of several cervical cell lines derived from CC, or cell lines
immortalized by HPV-16/18 69 70, Woodworth et al, suggested that TNF-a and IL-1a were
mitogenic for immortalized and malignant cervical epithelial cells via the epidermal growth
factor receptor (EGFR)-dependent signaling pathway, and that release of cytokines may
contribute to CC carcinogenesis by providing a growth advantage for the cervical cells in
vivo /1,

Recent studies have shown that chronic inflammation probably interferes with cellular
senescence /2, a normal phenomenon in which a cell stops dividing because of decreased
telomere length. Senescent cells release a large amount of inflammatory cytokines such as
IL-18, IL-6 and IL-1 73 74 that have been reported to lead to tumorigenesis and metastasis
75,76 A high level of IL-6 expression has been linked to cellular senescence and
carcinogenesis /7: 78, Ren et al, showed that HPV-16/18 E6 protein promoted fibroblast
senescence through IL-6 and STAT3 signaling. Based on the results of this study, cervical
epithelial cells infected with HPV-16/18 can stimulate senescence of fibroblasts by I1L-6/
STAT3-regulated paracrine and autocrine signaling pathways. This alteration of the
microenvironment leads to the development of cervical intraepithelial neoplasia I-11 (CIN 1-
I1), progressing to CIN 111 and finally to CC after a prolonged period of latency 78,

IL-10 has been found to be locally over-expressed in biopsies taken from patients with CC
or premalignant lesions, and is possibly a marker of a locally immunosuppressed state 79-82,
The expression of IL-10 is directly correlated to the grade of cervical lesions associated with
HPV infection 83 84, This suggests that IL-10 is expressed by cervical epithelial cells and
can modulate cellular immunity and inflammation in the cervical mucosa. Bermudez-
Morales et al 8 reported that the HPV E2 protein could bind to a regulatory region of the
IL-10 gene and increase the promoter activity. Furthermore, after expression of HPV-E2
protein, transformed cells also exhibited elevated levels of IL-10 mRNA after HPV infection
85, The increased expression of 1L-10 might encourage virus persistence, transformation of
cervical cells, and tumor development.

Researchers showed that up-regulated secretion of 1L-10 could possibly suppress immune
response against HPV infection in the initial cervical lesions, while up-regulated TNF-a and
disrupted cytokine secretion (imbalance between Thl & Th2 cytokines) could be responsible
for the poor immune response in late stage lesions. Thus, measuring IL-10 and TNF-a. in
cervical secretions could be a helpful indicator of the local immune response against HPV
lesions. In addition, Clerici et al. found that systemic immunosuppression (even though it
was not specific to HPV infection) was characterized by lower production of IL-2, and the
Th2 cytokines I1L-4 and IL-10 were higher in CIN compared to normal cervix 6.
Researchers suggested there was an association between higher secretion of Th2 cytokines
(and lower secretion of Thi cytokines) and the development of CIN 86, EI-Sherif et al. used
quantitative reverse transcription-polymerase chain reaction (QRT-PCR) to show IL-10 (Th2)
was increased, while INF-y (Th1) was decreased depending on the grade of the CIN lesions
87, Researchers used micro-dissection to measure epithelial and sub-epithelial levels of IFN-
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v and IL-10 mRNAs in 11 specimens from normal cervix and 25 HPV-16 positive CIN
specimans. IFN-y mRNA was reduced in CIN compared to normal cervix (p = 0.04). The
IL-10 mRNA levels in CIN were elevated compared to normal cervix. Epithelial IFN-y
MRNA showed a decline in each grade of CIN in comparison normal cervix. Sub-epithelial
IFN-y mRNA significantly declined in CIN 1, CIN 2, and CIN 3 in comparison to normal
cervix. Moreover, sub-epithelial IFN-y mRNA was lower in CIN 2 and CIN 3 as compared
to CIN 1. Epithelial IL-10 was detected in just 1 out of 11 normal, and 1 out of 25 CIN
specimens; however, sub-epithelial 1L-10 was increased in CIN 2 and CIN 3 compared to
normal cervix. In conclusion, a Th2-dominant cytokine secretion pattern (increased IL-6,
IL-10 and decreased INF-y, TNF-a) can suppress the immune response against HPV,
resulting in persistent infection and lesion progression 7.

COX-2 is an inducible enzyme, which mediates many inflammatory processes. Over-
expression of COX-2 is found in the pathophysiology of many types of cancer and
inflammatory disorders. Recent studies have shown that NF-xB is involved in the regulation
of COX-2 expression, and blocking activation of NF-xB leads to inhibition of COX-2
expression 88, The HPV E6 and E7 oncoproteins can lead to up-regulation of COX-2 in both
carcinogenesis and cancer progression 889, Kim and colleagues investigated the effect of
HPV-16 E5 protein on COX-2 expression. Their results revealed that E5 increased COX-2
expression through the EGFR-signaling pathway, and that NF-xB and activator protein-1
(AP-1) were involved in the increase in COX-2 expression caused by E5. Thus, the E5
oncoprotein could mediate carcinogenesis of CC (at least partly) by over-expression of
COX-2 89, Table 1 shows a list of HPV proteins, which are involved in inflammation and CC
pathogenesis.

4. The role and function of microRNASs in cervical cancer inflammation

Since the initial discovery of miRNAs in 1993, these short non-coding RNA
oligonucleotides (~22 nucleotides in length) have been demonstrated to be critical regulatory
elements of gene expression at post-transcriptional levels in animals, plants and humans 103,
miRNAs can control various biological processes, including cell proliferation and
differentiation, cell death, organ function and homeostasis 194. miRNAs repress or degrade
target messenger RNA mediated by the RNA-induced silencing complex (RISC) by binding
to complementary sites in the 3" untranslated region (less commonly, in the 5° UTR) of
target MRNASs 103. They have been isolated from the body fluids, cells and tissues of many
mammalian species. Around 60% of the human genome has been predicted to be regulated
by miRNAs 20. The number of miRNA sequences deposited in the miRBase database is
steadily increasing, so that now a single gene may be regulated by several miRNAs, and
conversely a single miRNA probably targets several genes 19°. In humans, the maturation of
the miRNA containing transcript (pri-miRNA) is facilitated through cleavage in the nucleus,
mediated by DROSHA and DGCRS8 (DiGeorge syndrome critical region 8) complex. This
cleavage generates an ~85 nucleotide long precursor miRNA (pre-miRNA) which is
transported into the cytoplasm by exportin 5. Subsequently, the pre-miRNA is cleaved by the
DICER/TRBP complex to yield a 22 nucleotide miRNA duplex. This duplex is then loaded
into the RISC, where miRNAs and their mRNA targets are recruited by members of the
Argonaute family. Eventually, the mature miRNA strand is preferentially retained in the
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functional miRISC complex and negatively regulates its target genes through promoting
their degradation or inhibiting their translation 20: 103,

Even a small change in the expression of miRNAs results in dysregulation of several target
genes, so it is not surprising that disruption of miRNA functions has been implicated in the
pathogenesis of a broad-spectrum of human diseases, such as cancer, cardiovascular
diseases, autoimmune diseases and neurological disorders 103 106 |n cancer, miRNAs may
function as tumor suppressors or else as oncogenes (onco-miRNAS), based on the function
of their target genes 197. The loss of function of tumor suppressor miRNAs contributes to
cancer development and progression, because of their function in controlling cell cycle
checkpoints and apoptotic pathways. On the other, a number of onco-miRNAs have been
recognized to stimulate key steps in the tumor metastatic process 1°.

In 2002, the first report of mMiRNAS being involved in cancer emerged, which reported down-
regulation of miR-16 and miR-15 (at chromosome 13g14) in chronic lymphocytic leukemia
(CLL) 108, Numerous investigations since then, using microarray methods have addressed
the impact of miRNAs in several solid tumors, including hepatocellular carcinoma,
colorectal, breast, lung, ovarian, genito-urinary and cervical malignancies 109. A high
variability in miRNA expression has been demonstrated in CC and the next section
summarizes the miRNAs that play tumor suppressive roles, or are down-regulated in CC.

Fan et al. found that miR-429 expression was down-regulated in CC tissues. They also
identified IKKp (the primary kinase mediating NF-xB activation) to be a new target of
miR-429. It was shown that miR-429 down-regulation led to IKKB/NF-xB pathway
activation, IL-6 and IFN-B production and consequently enhancement of inflammation and
tumor progression 110, Further studies showed that miR-101 was down-regulated in CC.
COX-2 is considered to be an important functional target of miR-101 in HeLa cells. Due to
the role of COX-2 in inflammation and tumor development, miR-101 is probably a tumor

suppressor by reducing COX-2 and attenuating cell proliferation, invasion and inflammation
111

It is interesting that high mobility group box 1 (HMGB1) is regulated and targeted by three
different miRNAs: miR-34a, miR-1284and miR-142. HMGBL is an oncogene that induces
inflammation and facilitates tumorigenesis and metastasis in CC. There is a reverse
association between miR-34a, miR-1284and miR-142 and HMBG1 expression. Therefore,
down-regulation of miR-34a, miR-1284and miR-142 can enhance CC proliferation, invasion
and inflammation by up-regulating HMGB1 112-114 HMGB1 expression is one cause of
chemoresistance, so that miR-1284 down-regulation (a tumor suppressor in CC) increases
the resistance of CC cells to cisplatin and inhibits apoptosis via HMGB1 up-regulation 113,
HMGB1 plays a significant role in the lymphatic metastasis in CC patients and it has been
demonstrated that down-regulation of miR-142 augments lymphatic metastasis in CC
patients 114,

Other miRNAs (miR-24, miR-451, let-7a and miR-125a) have been shown to be down-
regulated in CC and can induce inflammation via up-regulating their target genes. The first
investigation into the relationship between miRNAs and YKL-40 (also known as
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chitinase-3-like protein 1) in cancer was reported in 2016 by Sun et al. YKL-40 is an
inflammatory marker, which is targeted by miR-24. In their report, YKL-40 over-expression
along with miR-24 under-expression were detected in CC cells and were proposed to be
responsible for cell proliferation, metastasis, invasion and inflammation in CC 115, Another
miRNA, miR-451, has an essential function in cell growth and differentiation. Down-
regulation of miR-451 increased the expression of its target gene, IL-6R (an inflammatory
cytokine) in both RKO and HeLa cells. It was discovered that miR-451 has a tumor
suppressor activity by targeting IL-6R, so that its down-regulation can induce inflammation,
invasion, angiogenesis and proliferation in CC cells 116,

Analysis of let-7 expression from malignant cervical tissues and in CaSki, SiHa and HelLa
cell lines revealed that let-7 was markedly reduced during cervical carcinogenesis. Let-7a
has been identified as a significant regulator of STAT3 levels. STAT3, as mentioned
previously, plays a key role linking inflammation and CC. HPV oncoprotein E6 may directly
or indirectly lead to let-7a down-regulation and promote STAT3 expression. The induction
of STAT3 has an effect on the E6 upstream regulatory region. Therefore, elevated levels of
E6 and STAT3 are inversely correlated with reduction of let-7a expression in HPV-positive
CC lesions 117, In addition to let-7, STAT3 has been demonstrated to be a miR-125a target
gene. miR-125a acts as a tumor suppressor and regulates cell growth by promoting cell cycle
arrest. In order to do this, miR-125a affects G2/M checkpoint proteins and c-myc oncogene
expression by binding to STAT3 3"-UTR and inhibiting its expression. Moreover, miR-125a
decreases the expression of N-cadherin, matrix metalloproteinase-2 (MMP-2)and MMP-9
(which all regulate inflammation and weaken tissue barriers to facilitate invasion and
metastasis) through suppression of STAT3, so that it promotes CC cell invasion and
metastasis. However, down-regulation of miR-125a has been shown in CC tissues, compared
to adjacent normal tissues and leads to increases in STAT3, MMP-9, MMP-2 and N-cadherin
activities, inducing inflammation and eventually blocking G2/M cell cycle arrest. HPV-16
E6/E7 and HPV-18 E6/E7 proteins probably suppress the expression of miR-125a in CC
cells 118, Intriguingly, STAT3 also functions as a target gene for miR-125b in CC. It has
been suggested that miR-125b is down-regulated by Lhc-SNHG12. Due to the function of
STAT3 in inducing inflammation and increasing proliferation, up-regulation of Lnc-
SNHG12 indirectly leads to STAT3 activation and enhancement of proliferation, invasion
and inflammation in HeLa and SiHa cells 119,

While some miRNAs act as tumor suppressors, other onco-miRNAs are typically up-
regulated during tumor progression in CC. miR-21 may be implicated in the
proinflammatory process in cervicitis. Diverse target genes have been identified for miR-21,
including PDCD4, PTEN, tissue inhibitor of metalloproteinases-3 (TIMP-3), TNF- a and
ANXAL1 117.120-122 miR-21 up-regulation increased IL-6 (which is involved in
inflammation and tumor development) and a-SMA (a fibroblast marker) in HeLa
conditioned media-treated fibroblasts, while it significantly diminished programmed cell
death protein 4 (PDCD4) expression in CC tissues 120. Alternative downstream targets of
miR-21 are PTEN and TIMP-3, which have key functions as STAT3 pathway and MMP-2/
MMP-9 negative regulators, respectively. MMP-2 and MMP-9 are downstream target genes
of the STAT3 pathway. Taking into account the under-expression of PTEN and TIMP-3
caused by up-regulated miR-21 in CC cells, the enhancement of STAT3 activity leads to
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MMP-2 and MMP-9 up-regulation. Up-regulation of miR-21 therefore induces inflammation
and promotes invasion in CC cells 117, Another report described annexin A1 (ANXA1) as a
miR-21 target gene which is reduced when miR-21 is up-regulated in CC. ANXA1 is
involved in the resolution of inflammation, thus its down-regulation by miR-21 increases
inflammation and proliferation in CC cells 122,

TNF- a is one of the most important miR-21 target genes, as a proinflammatory cytokine
and a regulator of cell growth. miR-21 may cause inflammation in CC by up-regulating
TNF-a 21, Interestingly, TNF-a. can play both anticancer and pro-cancer roles and can be
negatively regulated by miR-130a in CC. Low levels of TNF-a can stimulate NF-xB
expression to up-regulate miR-130a expression. High levels of TNF-a can destroy tumors.
The TNF-a/NF-xB/miR-130a feedback signaling pathway may regulate progression and
inflammation in CC 123,

Recent investigations have revealed that miR-155 is over-expressed in peripheral blood and
tissues from CC patients and may be involved in CC progression and inflammation by
targeting SOSC1. SOCS1 inhibits inflammatory pathways such as STAT3 and promotes
Th17 differentiation. The STAT3 pathway contributes to the proliferation of Th17 cells.
Foxp3 and RORyt are the main transcription factors of Treg and Th17 cells respectively and
are both up-regulated in the PBMC isolated from patients with CC, who also have elevated
Treg and Th17 populations. On the other hand, IL-17 is a pro-inflammatory cytokine, which
is induced by RORyt. Thus, these observations collectively suggest that up-regulation of
miR-155 inhibits SOCS1 expression and enhances STAT3, RORyt and IL-17, leading to
increased Th17 and Treg cells, resulting in more inflammation in CC 124, Likewise, up-
regulation of Lnc-IL7R, an inflammation-related LncRNA, has been identified in tissue
samples from CC and CIN IlI (cervical intraepithelial neoplasia) patients, more so than
lower grades, CIN I and CIN Il. Apoptosis is also reduced by up-regulation of Lnc-IL-7R in
cC 125.

Surprisingly, one recent investigation demonstrated that up-regulation of miR-146a could
inhibit inflammation. Over-expression of miR-146a reduces NF-xB activation via targeting
TNF receptor associated factor (TRAF6) and interleukin-1 receptor-associated kinase 1
(IRAK1) in CC cells. TRAF6 and IRAK1 directly regulate NF-xB activity. In addition to the
function of NF-xB in inflammation, TRAF6 and IRAK1 are implicated in acute
inflammation and maintaining cell viability. Accordingly, over-expression of miR-146a
inhibits inflammation and promotes cell viability in CC by down-regulating TRAF6 and
IRAK1.

miRNAs are an important class of gene regulators that have recently been recognized to play
key roles in both the innate and adaptive immune system. In CC, some miRNAs are under-
expressed whereas other are over-expressed, implying that miRNAs can function either as
tumor suppressor genes or alternatively as oncogenes (Table 2). Our knowledge about the
regulation of mMiRNAs in CC has recently expanded and further discoveries about its role in
inflammation may provide new opportunities to discover therapeutic approaches to the
treatment of CC.
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5. Therelationship between exosomes, inflammation and cervical cancer

At the present time, there have been reports of this exchange of information by exosomes,
involving interactions between tumor and stromal cells, immune cells and immune cells, or
between virally infected cells and interferon secreting cells 26. Identification of the
macromolecular components of exosomes originating from cancer or infected cells and their
direct or indirect role in inflammation, modulation of immune response and angiogenesis is
an important task facing researchers.

A relationship between tumorigenesis and the synthesis, release, and function of extra-
cellular vesicles (EVs) has been reported, and the contribution of EVs to HPV-induced
malignancy pathogenesis is summarized in Table 3. The first confirmation of the
contribution of EVs in HPV pathogenesis appeared in 2009, when the presence of extra-
cellular survivin in HPV-18 positive HeL a cells was confirmed 138, Cell medium containing
survivin showed anti-apoptotic, pro-proliferative, and metastatic properties based on an
inactive T34A mutant 138, The same authors then showed the presence of extra-cellular
survivin within exosomes. They found that proton irradiation of the cells led to the synthesis
and release of the exosomes 139, Survivin-positive exosomes were further examined to detect
stress-induced proteins within the cargo. In this study inhibitor of apoptosis proteins (I1APS),
including XIAP, c-1AP1, c-1AP2 and livin/ML-IAP were demonstrated 140: 141, The presence
of IAPs was dependent on HPV oncoproteins, because the exosomes derived from HelLa
cells in which the E6- and E7-proteins had been silenced had less IAPs, although these
silenced cells showed greater overall exosome secretion compared to control cells 140, The
cargo contents of HeLa-derived survivin-positive exosomes were examined for levels of
miRNAs 142, Overall different 52 miRNAs were de-regulated, and E6/E7 silencing
influenced the expression of 23 of these. A majority of the up-regulated miRNAs played
antiapoptotic, pro-proliferative, and anti-senescence roles. Down-regulated miRNAs had the
opposite functions. Since 11 of 46 miRNAs within the exosomes were not de-regulated in
the whole cells, this implies the presence of mechanisms to incorporate specific mMiRNAs
into the exosomes. The HPV-16-positive cell line SiHa with was also examined with similar
results. This suggests that deregulation of miRNA expression is not specific to HPV
genotype 142, Examination of the miRNAs in exosomes derived from primary keratinocytes
transduced with E6 and E7 from HPV-16 or HPV-38 confirmed Honegger et al.’s findings,
and they also showed that these miRNAs could be transferred to non-infected keratinocytes
143 Harden and Muller focused on a panel of tumor-related miRNAs, and found
corresponding expression profiles between cell-derived and exosome-derived miRNAs144,
Other authors have shown the presence of long non-coding RNAs (IncRNAs) within HeLa-
derived exosomes, specifically lincRNA-p21, CCNDA1-ncRNA, HOTAIR, TUG1, and
GAS5 145, 1t should be noted that lincRNA-p21 (an inhibitory factor of p53-dependent
transcription) was the IncRNA with the highest over-expression in exosomes compared to
parental cells. The horizontal transfer of lincRNA-p21 can affect gene expression in acceptor
cells 146,

As described above, inflammation plays a critical role in cancer progression and immune
response 37. Many studies have shown that exosomes play a critical role in the inflammatory
microenvironment in tumors 147, For example, Wu et al investigated the biological effect of
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exosomes derived from gastric cancer cells in macrophage activation. They showed that
these exosomes led to cancer progression by triggering the activation of the NF-xB pathway
30, In many tumors, the NF-xB signaling pathway is constitutively activated and recently it
has been shown that palmitoylated proteins present on the surface of exosomes derived from
breast cancer cells were involved in the activation of this pathway. Through this mechanism,
breast cancer exosomes could stimulate macrophages to release pro-inflammatory mediators
such as TNF-a, IL-6, CCL2 and GCSF 148,

Recently, it was reported that exosomes derived from bacteria-infected macrophages had
proinflammatory properties 148, Essandoh et al examined the effect of blocking exosome
production on protection against sepsis (the inflammatory response triggered by bacteria.
They showed that inhibition of the exosome generation process limited the sepsis-induced
inflammatory response 148, Exosomes originating from HPV-infected cells were also able to
carry out horizontal transfer of mMRNA, miRNA and cytokines between cells. Therefore,
exosomes probably play an immunomodulatory role in the CC microenvironment. The
proinflammatory cytokine, IL-3g,, has the ability to induce inflammation in keratinocytes
via the Wnt signaling pathway 149 150, Rana and colleagues demonstrated the presence of
IL-367 inside exosomes derived from poly(l:C)-treated keratinocytes. Previous studies have
shown that HPV-16 inhibited the poly(l:C)-stimulated expression of some pro-inflammatory
genes. It is therefore conceivable that I1L-367 inside exosomes is inhibited by HPV 151, In
accordance with this hypothesis, the deregulated expression of mRNAs for several
proinflammatory chemokines and cytokines was measured in E7/E6- transduced
keratinocytes.

6. Use of microRNAs and exosomes for treatment of HPV-positive cervical

cancer

Determining which miRNAs have relationships with different kinds of HPV-mediated
cancers is of high importance, because they could be used as HPV-specific biomarkers.
Additionally, it is possible that further individualized treatment approaches and novel
targeted treatments could be developed. A majority of HPV-positive cancers show
differential expression of miRNAs measured in body fluids and or in tumor tissue. Our
knowledge of miRNA dysregulation in HPV positive cancers and how this affects their
respective target genes, is steadily expanding. For instance, expression of the miR-17-92
cluster had a close relationship with the persistent endogenous expression of virally encoded
genes 142, which implies that HPV-16 viral integration may interfere with the blockage of
miR-17/92 cluster expression. Anti-miRNA therapy or miRNA replacement therapy, and
some alternative/complementary natural product-based therapies could be used to target
such miRNAs, and therefore tackle HPV-related cancers.

Some miRNAS possess tumor inhibitory functions. miRNA down-regulation in HPV
infected cancer cells has been examined in terms of potential treatment possibilities. Badder
revealed the contribution of miR-34a to the repression of oncogenic transformation 152,
miR-34a is a tumor suppressing factor, which increases the survival of abnormally
transformed cells and leads to G1/G2 cell cycle arrest 8. Additionally, Wang et al. showed
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the down-regulation of miR-34a in HPV positive cancers 153, Thus, replacing miR-34a may
be a possible treatment for HPV-positive cancers 1°4. lbrahim et al. showed that
miR-143/145 could act as anti-oncogenic miRNAs against colon cancer 155, Recent research
has shown a correlation between the down-regulation of miR-34a or miR-125 and the
invasiveness of cervical cancer in HPV infected patients 156. miRNA-based therapies depend
on administering miRNA mimetics that may effectively compensate for the missing tumor
inhibitory or cell cycle regulatory functions of miRNAs in normal cells. However up to now,
only a few tumor inhibitory miRNAs (such as miR-34a, miR-143/ and miR-14593) have
been proposed as treatment options. These miRNAs would require an efficient drug delivery
approach. Another limitation may be non-specific or off-target effects, which could affect
the treatment efficacy.

In common with conventional gene therapy, the delivery of miRNA mimetics requires an
efficient vector system for delivering the intended gene. A variety of nanoparticles (NPs)
have been investigated as gene delivery vehicles. These may be administered by intratumoral
injection or systematically via parenteral injection. Chen et al. and Wiggins et al. explored
the possible use of NPs for miRNA delivery using intra-venous tail vein injections in mouse
models 157: 158  Effective delivery of miR-34a mimetics loaded into poly-cationic liposome-
hyaluronic acid based NPs conjugated to a modified GC4 single chain anti-body fragment
was tested in mice 195, As more candidate miRNA mimetics emerge, the rational for miRNA
replacement treatment is gradually advancing from bench to bedside. miR-34a mimetics
have already been tested in clinical trials, and other candidates are being proposed 1°4,
Therefore, miR-34a, miR-143/145, miR-125, and other anti-oncogenic miRNAs would be
candidates for miRNA replacement therapy against HPV-related cancers.

Exosomes are being increasingly examined as delivery vehicles for small molecule drugs,
and large biological medications and in some disease situations. Exosomes have advantages
of stability, bio-compatibility, low immunogenicity and the ability to be externally loaded
with a cargo 159, Exosomes have acceptable stability for storage and shipping, which are
basic features required for drug delivery vehicles, and represent a cell-free and manageable
system. Recently, researchers have explored exosomes for the delivery of sSiRNAs, miRNAs,
shRNAs, and antiinflammatory or anti-cancer drugs such as curcumin, paclitaxel or
doxorubicin 199, Studies in a mouse model showed that exosomes with HPV-specific activity
could be helpful in cervical cancer immunotherapy 160, Proteins expressed on the surface
membrane of exosomes, could be used as carriers to deliver the remaining proteins within
the exosomes. This applies for the HIV-1 negative regulatory factor (Nef) protein. A
naturally defective Nef mutant (Nefmut) of HIV-1 virus, expresses a Nef variant that
accumulates in an abnormal amount in the lipid-raft membrane of exosomes, in comparison
with the wild-type protein 161, This 27 kDa Nefmut (both myristylated and palmitoylated)
has been explored as a carrier for additional proteins (up to 630 amino acids long) when
conjugated to its COOH terminus. These fusion products may be incorporated into genome-
free viral particles of HIV-1, which could function as a vaccine, and also into exosomes
derived from cells transfected with DNA constructs 162, HPV-16-E7 and HPV-16-E6 tumor-
specific antigens have been conjugated to Nefmut to develop a therapeutic vaccine against
HPV-16-associated tumors. These antigens were expressed in HEK 293 T cells where they
were incorporated into exosomes anchored to the membrane by Nefmut. Mice bearing

Int J Cancer. Author manuscript; available in PMC 2021 January 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nahand et al.

Page 16

subcutaneous HPV-16-specific tumors, which were immunized with recombinant Nefmut-
E7 or Nefmut-E6 exosomes, generated a cell-mediated immune response with the ability to
block the growth and reduce the tumor burden in mice that had been challenged by injection
of TC-1 tumor cells 163. 164 However, the production of recombinant exosomes for
therapeutic vaccine development is a multi-step procedure, whose scale-up may be difficult.
Nefmut expression in exosomes has been achieved using Nefmut-E7 or Nefmut-E6 DNA
plasmids /n vitro and /n vivo. The findings provided support for an HPV-16 therapeutic
vaccine 165, Cross-presentation of Nef-fused antigens to T-cells, showed that the exosomes
were taken up by dendritic cells as a basis for CTL vaccines 166, Nefmut has been examined
to deliver intra-cellular anti-bodies that recognize the HPV-E6 and HPV-E7 oncoproteins.
Previous studies had shown that single-chain anti-HPV-16-E6 and anti-HPV-16-E7
antibodies had anti-proliferative activities against HPV-positive cells in vitro, and
therapeutic efficiency against HPV-positive tumors in animal models 167, Initial testing
showed that the exosomes derived from cells transfected with plasmids expressing an
Nefmutanti-16E7 scFv fusion protein, contained the antibody in an active E7-binding
conformation which performed the same as scFv delivered as DNA or protein 167. 168, These
antibodycontaining exosmes could be used to treat lesions situated not only on the cervix,
but also on the anogenital region or in the oropharynx. Although these findings are
promising, more widespread clinical application will require improved standardized
techniques to purify the exosomes and monitor the exosomal contents.

7. Conclusions

In addition to the known role of persistent infection with high-risk HPV sub-types, long-
term chronic inflammation is another important cause of the development of invasive CC.
The role of chronic inflammation involves the participation of cytokines, chemokines, cell
growth and survival factors, reactive oxygen/nitrogen species and other mediators including
metalloproteinase, prostaglandins, COX2 and finally specific types of miRNAs. The
collective effects of these mediators, promotes alterations in proliferation, cell death,
senescence and also, mutation and angiogenesis. All these factors operating together may
contribute to the progression of HPV-induced CC. Persistent infection with high-risk HPV
leads to the integration of HPV-DNA into the hosts genome, producing the over-expression
of the viral oncogenes E6 and E7. Accumulating evidence suggests that the expression levels
of E6/E7 are increased in cervical inflammation and therefore may play a crucial role in
HPV carcinogenesis. Although it is not clear precisely which miRNAs could link
inflammation with CC, more mechanistic studies are required to elucidate the contribution
of miRNAs to the inflammatory tumor microenvironment and cervical carcinogenesis. It is
known that miRNASs are implicated in the regulation of both adaptive and innate immune
responses and modulate inflammatory networks in several cells and tissue types.
Furthermore, the steadily increasing interest and number of publications on the role of
exosomes, suggests that this research field will continue to grow. Current knowledge about
the role of exosomes in human health and disease is complex, but is still rapidly expanding.
Analysis of exosomes can provide information about the state of their parental cells and
exosomes are being investigated as biomarkers for prognosis or diagnosis of diseases. Based
on the precise exosome contents, they can exhibit both anti-inflammatory and pro-
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inflammatory effects. The role of exosomes has been studied in the onset, mediation and
treatment of several inflammatory diseases, however up to the present time, there have been
few studies on their role in inflammation in CC. Considering the multifunctional role of
exosomes, further investigation is required to analyze the exosome contents in CC, and to
understand how exosomes mediate the process of inflammation in CC.
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Abbreviations

3'UTR three prime untranslated region
ANXA1 annexin Al

BCL-xL B-cell lymphoma-extra large

BCL2 B-cell lymphoma 2

CcC cervical cancer

CCAR2 cell cycle and apoptosis regulator 2
CCL2 C-C motif chemokine ligand 2
CDK2 cyclin-dependent kinase 2

clAP cellular inhibitors of apoptosis 1
CIN cervical intraepithelial neoplasia
COX2 cyclooxygenase 2

CRI cancer-related inflammation

CTL cytotoxic T cell

DAMPs damage-associated molecular patterns
DCs dendritic cells

DGCRS8 DiGeorge syndrome critical region 8
DICER endoribonuclease Dicer with RNase motif
DROSHA Drosophila ribonuclease 111 human
EGFR pidermal growth factor receptor

Evs extra-cellular vesicles

FOXP3 forkhead box P3
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GCSF
HMGA1
HMGB1
HPV
hTERT
HVB
ICAM
IFN-a
IKKB

IL
IRAK1
Let-7a
INcCRNAs
LSIL
MCP1
miRNA
MMP
Nef
NF-xB
NPs
PAM Ps
PBMC
PDCDA4L
poly(l:C)
PRRs
PTEN
gRT-PCR
RISC

RORyt

granulocyte colony stimulating factor
high mobility group AT-hook 1

high mobility group box protein 1

human papilloma virus

human telomerase reverse transcriptase
hepatitis virus B

intercellular adhesion molecule

interferon alpha

inhibitor of NFkB kinase beta

interleukin

interleukin-1 receptor-associated kinase 1
lethal 7a

long non-coding RNAS

low-grade squamous intraepithelial lesion
macrophage chemoattractant protein 1
micro ribonucleic acid

matrix metalloproteinase

HIV-1 negative regulatory factor

nuclear factor kappa light chain enhancer of activated B cells
nanoparticles

pathogen-associated molecular patterns
peripheral blood mononuclear cells
programmed cell death 4
polyinosinic:polycytidylic acid

pattern recognition receptors

phosphatase and tensin homolog
guantitative reverse transcription-polymerase chain reaction
RNA-induced silencing complex

RAR-related orphan receptor gamma
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SA-B-gal senescence-associated-p-galactosidase
ShRNA short hairpin RNA
SiRNA small interfering RNA
SNP single nucleotide polymorphism
STAT3 signal transducer and activator of transcription 3
TGF-B transforming growth factor beta
Th2 T-helper lymphocytes type 2
TIMP tissue inhibitor of metalloproteinase
TLR4 toll like receptor 4
TNF-a tumor necrosis factor alpha
TRAF6 TNF receptor associated factor
TRBP HIV-1 TAR RNA binding protein
Treg regulatory T cells
VEGF vascular endothelial growth factor
Wnt Wingless/integrase 1
XIAP X-linked inhibitor of apoptosis protein
YKL-40 chitinase-3-like protein 1
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Figure 1.
Role of inflammation in (a) wound healing and (b) invasive tumor growth
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Figure 2. Inflamation-related signaling pathwaysin cervical cancer.
CD40: Cluster of differentiation 40; Gp130: Glycoprotein 130; Ikka.: IxB kinase a; Jak:

Janus kinase; MyD88:Myeloid differentiation primary response 88. Ny p:Nuclear factor
kappa beta; NIK: Nuclear Factor xB-inducing Kinase; PDk1: 3-phosphoinositide-dependent
protein kinase-1; STAT3: Signal Transducer And Activator Of Transcription 3; TLRs: Toll-
like receptors; TNF: tumor necrosis factor; TRAF3: TNF receptor-associated factor
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Figure 3. Immunomodulatory effects of exosomes via exposure to inflammatory mediators.
(A) Molecular patterns released by tissue damage, apoptotic cells and pathogens stimulate

cytokine generation in myeloid cells. Short-term exposure to these factors results in
induction of adaptive immune responses (immmunostimulation) and acute inflammation. (B)
Exosomes released from the tumor microenvironment result in persistent induction of
myeloid cells that secrete similar inflammatory factors (chronic inflammation).
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