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Abstract: The outbreak of the novel coronavirus disease 2019 (CoViD-19) has emerged to be the
biggest global health issue globally and has now infected over 20 million people. The correlation
between inflammation during viral infection and cancer is unknown. This review surveys soluble
proteins produced during the severe viral infection and might influence tumorigenesis. Inflammation is
a fast and primitive defense reaction to pathogens that limits tissue damage and stimulates repair
mechanisms. It is initiated by local cells that detect pathogens or trauma and send chemical messengers
such as IL-1, IL-6, and TNF-a to other cells. Sometimes, the overexpression of chemical messengers
can influence the whole body and change signaling pathways in vulnerable cells. This comprehensive
review collected information about CoViD-19, cytokine release syndrome (CRS), coagulation system
changes, cancer initiation, and cancer progression. There are concerns about future challenges in
convalescent patients who had severe infection and cytokine storm.
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1. Introduction

Coronaviruses have emerged as deadly agents in the past two decades, which Tyrell
and Bynoe identified in 1966 [1]. The new contagious coronavirus disease 2019 (CoViD-19)
has infected more than 20,158,128 people and has been responsible for more than 736,190
deaths from August 10, 2020 (World Health Organization). Pathogenic severe acute respiratory
syndrome-coronavirus 2 (SARS-CoV-2), the cause of CoViD-19, is a beta coronavirus [2,3].
This virus has a positive single-stranded RNA with an envelope containing transmembrane
spikes that anchor to infected cells [4]. Bats and birds are typical hosts for the CoViD-19 virus
[5]. SARS-CoV-2 is also similar to other pathological zoonotic coronaviruses such as SARS-
CoV-1in 2002 and the Middle East respiratory syndrome (MERS) in 2012, which can cause
severe respiratory illnesses in the world [6]. SARS-CoV-2 is more contagious than SARS-
CoV-1 [7] because of its high virulence factor and the absence of pre-existing immunity [8].

The virus binds with spike protein to the host receptors via the receptor-binding
domains (RBDs) of angiotensin-converting enzyme 2 (ACE2) [9]. The ACE2 protein is in
multiple organs, including the respiratory system, gastrointestinal tract, lymph nodes, thymus,
bone marrow, spleen, liver, kidney, and brain [9], but is absent in T cells [10].

CoViD-19 disease is often associated with fever (87-98%), cough (55-80%) and
lethargy (38-70%) [11], dyspnea (30-50%), sputum production (30%), chest pain (20%),
myalgia (30-45%), diarrhea (3-14%) and headache (15%), and also with anosmia and hyposmia
[12].
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Older adults (especially those older than 65 years [13]), cancer patients, patients with
weak immune systems, diabetes, hypertension, and heart disease might be more affected by
constant medical appointments, infusion clinic visits, and clinical exams [14]. Their disease
and treatment immunosuppress patients with different cancers, so they are at risk of CoViD-
19. Furthermore, patients with hematology malignancies will be at higher risk because of
advanced age and comorbidities such as transplantation or transfusion [11,12].

Most of the patients had normal CBC results (normal RBC, WBC, and platelet count)
and lactate dehydrogenase (LDH), but some patients with critical situations have significantly
lower CD45+, CD3+, CD4+, CD8+, CD19+ and CD16/56+ counts along with lymphopenia,
elevated LDH and D-dimer and neutrophilia. In peripheral blood, film was seen lymphopenia
with a few reactive lymphocytes [11,15]. Also, immunohistochemical staining and flow
cytometry analysis showed that CD4 positive and CD8 positive T cells population decreased
in the lymph nodes and spleen [16].

Lymphopenia is reported in 63% to 83% of patients with CoViD-19. Patients with
decreased CD8+ T cells and B cells have severe symptoms and inadequate response to
treatments [6]. Other laboratory findings were leukopenia (9% to 25%), leukocytosis (24% to
30%), and elevated transaminases (37%) [6].

In CoViD-19 infection, we can usually see fever, organ dysfunction, hypoalbuminemia,
capillary leak, and microvascular thrombosis. Moreover, the quantity of ferritin, C-reactive
protein (CRP), D-dimer, lactate dehydrogenase (LDH), blood transaminases, body mass index,
soluble interleukin-2 receptor (sIL2R), IL-1, IL-6, and TNF-a increase in patients with CoViD-
19 infection [17,18]. The amount of TNF-a, IL-6, and I1L-10 significantly increased in patients
according to disease severity. In recovered patients, serum levels of IFN-y, IL-10, IL-6, and
TNF-a decreased compared with the illness period, while the population of total T cells, CD4+,
and CD8+ T cell subsets recovered during improvement [10,19].

The case fatality rate (CFR) for CoViD-19 is unclear because the number of infected
populations is not determined, but the WHO estimation is 0.3-1%. Recent CoViD-19 case
fatality rates are around 2%, rising to 15% in patients aged 80 years. About 80% of patients
have a mild or asymptomatic disease, 14% severe disease, and a 6% critical situation [11,20].
Furthermore, the mortality rate of patients with hematological diseases is approximately 46.7%
[7]. In patients with hematological diseases, the rate of susceptibility and mortality to SARS-
CoV-2 is high, so it is important to prevent disease [7].

Similar to other viral infections, the body produces IgM and IgG antibodies against SARS-
CoV-2 and the SARS-specific IgM antibodies disappear at the end of week 12, and the 1gG
antibody can play a protective role [21].

A German pathologist first proposed the correlation between inflammation and cancer
in the nineteenth century. It is now a critical hallmark of cancer [22]. It has recently been clear
that inflammation plays roles in all stages of cancer development, including tumor initiation,
promotion, progression, and metastasis [23,24]. Some cytokines and chemokines by inducing
signaling pathways in the tumor microenvironment play an important role in cancer initiation
and progression. The purpose of this review is the surviving probability of increasing the
initiation and progression of different types of cancers following SARS-CoV-2 viral infection
in convalescent patients.
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2. SARS-COV-2 Detection

Clinical evaluations are crucial in detecting people with fever and/or lower respiratory
tract symptoms. They have also traveled from a high-risk area or have been exposed to close
contact with confirmed or suspected CoViD-19 in the previous 14 days [6]. There are
examinations such as high-throughput sequencing, CT scan, enzyme-linked immunosorbent
assay (ELISA), and blood culture [21]. Moreover, SARS-CoV-2 has been detected in blood,
urine, stool, upper and lower respiratory tract, and saliva using real-time polymerase chain
reaction (RT-PCR) [6]. The virus exists in inclusion bodies in macrophages and pulmonary
alveolar cells for at least 2 weeks, although the PCR test is negative [16].

3. Cytokine Release Syndrome

Cytokine release syndrome (CRS) is a systemic inflammatory reaction that occurs in
response to microbial infections, which can be an important contributor to acute respiratory
distress syndrome (ARDS), multiple organs dysfunction syndrome (MODS) [10], and
hyperferritinemia [25]. In immune system-related diseases or immune-related therapy, such as
CAR-T cell therapy, organ transplantation sepsis, and virus infection is seen CRS [8,19]. CRS
is seen in malignancy, infection, systemic juvenile idiopathic arthritis, Epstein-Barr virus,
hemophagocytic lymphohistiocytosis, influenza, and CoViD-19 [18]. CRS has vast mild to
severe symptoms that involve fever, fatigue, headache, rash, arthralgia, myalgia, hypotension,
vascular leakage, vasopressor-requiring circulatory shock, disseminated intravascular
coagulation, and multi-organ system failure [26].

Cytokines are small soluble proteins, including interleukins, chemokines, interferons,
lymphokines, and tumor necrosis factors produced by different cells, especially activated
lymphocytes and macrophages [27,28]. They regulate the balance between cellular immunity
and humoral immunity [28] and are produced in response to cellular stresses, including
infection by pathogens, inflammation, or injury [29].

Cytokines and chemokines are components that promote angiogenesis, metastasis,
subversion of adaptive immunity, and changing response to hormones and chemotherapeutic
agents [30]. IL-1, IL-6, IL-17, interferon, and TNF families are the main pro-inflammatory
cytokines [31]. The overproduction of early response pro-inflammatory cytokines (TNF-a., IL-
6, and IL-1p) as cytokine storm leads to vascular hyperpermeability, multi-organ failure, and
finally, death [32]. According to previous reports, the liver and kidney can be damaged in
patients with CoViD-19 [33].

One of the main causes of death in CoViD-19 is acute respiratory distress syndrome
(ARDS), a common immune-pathological event in SARS-CoV-2, SARS-CoV-1 MERS-CoV
infections. Large amounts of pro-inflammatory cytokines release (IFN-o, IFN-y, IL-1p, IL-6,
IL-12, IL-18, IL-33, TNF-a, TGF-B) and chemokines (CCL2, CCL3, CCL5, CXCLS8, CXCLJ9,
CXCL10, etc.) by immune effector cells in the disease cause a systemic inflammatory response
[20,21].

In most diseases with a cytokine storm, IL-6 is an excellent biomarker of severity and
prognostic indicator [18,34]. IL-6 is produced by almost all stromal cells and B lymphocytes,
T lymphocytes, macrophages, monocytes, Kupffer cells, dendritic cells, mast cells, and other
non-lymphocytes, such as fibroblasts, endothelial cells, keratinocytes, glomerular mesangial
cells, and tumor cells [19,35,36]. IL-6 sends out inflammatory signals from localized lesions
to the whole body to trigger the host defense against pathological agents [34]. IL-6 plays a
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critical role in acute inflammation [8,19] and induces a broad range of acute-phase proteins
such as C-reactive protein (CRP), complement C3, serum amyloid A (SAA), fibrinogen,
thrombopoietin, hepcidin, haptoglobin, al-antichymotrypsin, and tissue factor [34,37].
Besides, IL-6 influences the balance of CD4+ T lymphocyte subsets and induces the production
of B cell antibodies [28,37].

4. Coagulation and COVID-19

In CoViD-19, infection associated with thrombosis is several factors, including severe
hypoxemia, inflammation, endothelial dysfunction, immobilization, respiratory failure,
mechanical ventilation, and central venous catheter use [38]. The abnormal coagulation system
is one of the inflammation hallmarks because of increased circulating inflammatory molecules
[39]. CoViD-19 associated coagulopathy (CAC) leads to abnormal coagulation tests, and
elevated D-dimer levels in patients are associated with increased mortality [5].

Microorganisms and their components by entering into the body induce tissue factors
on monocytes and macrophages [5]. The tissue factor activates the coagulation cascade through
the extrinsic pathway [40]. Endothelial cells and activated mononuclear cells produce pro-
inflammatory cytokines in systemic inflammatory response syndromes [40]. Inflammatory
cytokines and endothelial injury can increase tissue factor expression to induce thrombotic
actions [38]. Pro-inflammatory cytokines and chemokines can affect all coagulation pathways
[41]. IL-6 with up-regulation of tissue factor initiates coagulation [39,41].

IL-1B, IL-6, and TNF-a increase in acute and chronic systemic inflammation and
thrombin activation lead to coagulation system activation [39-41]. High levels of IL-6 in
cytokine storms can activate vascular endothelial cells and the coagulation pathway [34]. IL-6
increases thrombin-antithrombin complexes and the prothrombin activation fragments in the
plasma [42] and also IL-6 leads to vascular leakage and activation of disseminated intravascular
coagulation (DIC) [26]. Fibrinogen is an acute-phase plasma protein that has a role in the
coagulation pathway [39]. IL-6 induces fibrinogen synthesis by hepatocytes and increases the
expression of the tissue factor [5,42].

TNF-o induces early activation of coagulation factor X, followed by a potent activation
of prothrombin. Moreover, in cancer patients, TNF-a can release tissue-type plasminogen
activator (tPA), urokinase-type plasminogen activator (uPA), and PAI-1 into circulation [42].

Activation of coagulation pathways during infection exacerbates the clinical symptoms
of patients. Humiliating procoagulant-anticoagulant balance during infection leads to the
development of micro thrombosis, DIC, multi-organ failure, and even pulmonary emboli [32].
Hypercoagulability is an important hallmark of systemic inflammation, and IL-1 B, IL-6, and
IL-8 are cytokines that can cause platelet hyper-activation and spread [41]. Platelets express
the IL1R1 receptor, which responds to IL-1 B and has receptors for IL-1B and IL-6. IL-1
down-regulates thrombomodulin and leads to impairing protein C. There is gp130 on resting
platelets membranes, and IL-6 can affect platelet thrombogenicity [41].

5. COVID-19 and Tumorigenesis

Tumorigenesis is divided into three steps: tumor initiation, tumor promotion, and tumor
progression [43]. The tumor microenvironment plays a crucial role in the initiation and
progression of cancer. It plays an important role in the selection of malignant clones [44]. The
tumor microenvironment regulates all cancer hallmarks, including inhibition of apoptosis,
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survival, proliferation, angiogenesis, invasiveness, metastasis, cancer cell metabolism
regulation, and multiple signaling pathways that induce tumorigenesis [44]. About 80% of
hepatocellular carcinoma cases are derived from chronic liver damage caused by either HBV
or HCV infections in the world [22]. Chronic inflammation (viral and bacterial infections)
stimulates the development and progression of malignant neoplasms. Only 10% of all cancers
are linked to germline mutations, whereas the vast majority (90%) are caused by acquired
somatic mutations [22]. Colorectal cancer, liver cancer, pancreatic cancer, and lung cancer are
initiated by inflammation, cytokines (TNF-a, IL-1, and IL-6), and nuclear factor-kB (NF-xB)
[43,45].

Inflammation is an important contributing factor in most solid and hematopoietic
malignancies [43]. Inflammatory cytokines and growth factors enhance the proliferation of
initiated tumor progenitor cells through NF-xB [43]. Bacterial and viral infections induce
inflammation and increase cancer risk [23]. Inflammation helps almost all aspects of tumor
development, and inflammatory signals often influence tumorigenesis by activating NF-kB and
STAT3 [46]. Inflammation is a fast and primitive defense reaction to pathogens that limits
tissue damage and stimulates repair mechanisms. It is initiated by local cells that detect
pathogens or trauma and send chemical messengers to other cells [47]. On the other side, NF-
kB, directly and indirectly, controls inflammation, cancer cell proliferation and survival,
epithelial to mesenchymal transition (EMT), invasive behavior, angiogenesis and metastasis,
genetic and epigenetic alterations, cancer stem cell formation, cellular metabolism, and therapy
resistance [43].

Upregulation of growth-signaling pathways in all eukaryotes has been shown to impact
cellular processes leading to increased oxidative DNA damage and replication stress in a
correlative manner. Fibroblast Growth Factor (FGF), Epidermal Growth Factor (EGF),
Platelet-Derived Growth Factor (PDGF), TGF-a, TGF-4, Erythropoietin, Insulin-Like Growth
Factor 1 (IGF-1), Insulin-Like Growth Factor 2 (IGF-2), IL-1, IL-2, IL-6, IL-8, TNF-a, TNF-
f, INF-y, and Colony Stimulating Factors (CSFs) have growth factor activity [27]. The
presence of several growth-promoting cytokines in a long period may induce replication stress
and DNA breaks. Cytokines include IL-6, TNF-a, and IL-1/ are mostly considered as tumor-
promoting. IL-6 and IL-8 play a significant role in tumor growth, angiogenesis, EMT, and
invasiveness [27]. IL-6 drives cancer progression, metastasis, and cancer stem cell expansion
by activating the signal transducers and activators of the transcription 3 (STAT3) signaling
pathway [48]. Several transcription factors include NF-xB, STAT3, and AP-1. These are the
major downstream effectors of cytokine signaling and are activated in most cancers [22]. IL-1,
IL-6, and IL-8 activate STAT3/NF-«B pathways in tumor and stromal cells [49]. Inflammation
and NF-xB promote the production of reactive oxygen species and reactive nitrogen species,
induce DNA damage and oncogenic mutations, and affect tumor initiation [43].

IL-6/JAK/STATS3 signaling induces proliferation, survival, invasiveness, and tumor
cells’ metastasis in many human cancers. On the other hand, it strongly suppresses the anti-
tumor immune response[36,49,50]. STAT3 promotes the IL6 gene and induces the expression
of factors VEGF, matrix metalloproteinases (MMPs), IL-10, and TGFp [50]. IL-6 by enhancing
cell cycle progression and suppressing apoptosis has a tumor-promoting role [27].

The JAK/STAT pathway is a major mediator of cytokine signaling. The dysregulation
of this pathway is a hallmark of myelofibrosis [29]. In general, the Janus kinases are critical
for signaling many surface cytokine and growth factor receptors that intrinsic kinase activity
and JAKs activate the STAT proteins. STAT heterodimers transmit the cytokine activation
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signals from the cytoplasm into the nucleus and induce the transcription of several downstream
targets that can cause proliferation, differentiation, and the angiogenic cascade [29].

IL-6 has an important role in promoting metastasis to other tissues and organs [51].
Furthermore, it contributes to invasion and angiogenesis with overexpression of bFGF, MMP-
2, MMP-9, and VEGF [24,51]. According to previous studies, the level of IL-6 increases in
different malignancies, including skin, breast, lung, esophageal, liver, pancreatic, gastric,
colorectal, gynecological, prostate, kidney, bladder, and hematological cancers as well as
melanoma [24,30]. IL-6 overexpression has been seen in almost all types of tumors in the serum
and tumor tissues [44]. IL-6 affects cancer cells in two ways, including autocrine and paracrine
mechanisms [51]. IL-6 regulates different cellular processes and has roles in the pathogenesis
of various diseases such as myeloma, lymphoma, and acute leukemia [35]. IL-6 influences
tumor cell survival, proliferation, angiogenesis, metastasis, cell adhesion, and inflammation
[36]. Moreover, IL-6 directly or by leveling up of VEGF leads to vascular hyperpermeability
[34].

Recent studies indicate that common cytokine signaling pathways may significantly
contribute to acute myeloid leukemia (AML) cells' growth and survival. Cytokines like IL-1 j3,
TNF-0, and IL-6 as pro-inflammatory mediators promote AML aggressiveness, while anti-
inflammatory mediators such as TGF-p and IL-10 appear to impede AML progression [52].
IL-6 plays in the pathogenesis of hematological malignancies such as chronic myeloid
leukemia (CML), multiple myeloma, Hodgkin’s lymphoma, and solid cancers like breast and
prostate, and recently, pancreatic cancers [53].

Cancer patients with increased circulating IL-6 are generally associated with poor
prognosis and shorter survival, but the lower levels are inverse [44,49]. In patients with chronic
lymphocytic leukemia (CLL), high IL-6 levels in peripheral blood are correlated with a poor
prognosis [54]. In some cases, the level of IL-6 increases in the plasma of CLL patients [54]
A study on breast cancer showed that IL-6 plays a crucial role in converting non-cancer stem
cells into cancer stem cells by regulating OCT-4 gene expression [55]. This cytokine activates
JAK/STAT-3, Ras/mitogen-activated protein kinase (MAPK), and phosphoinositol-3 kinase
(PI3K) -protein kinase B/Akt (PkB/Akt) [51]. IL-6 increases some survival proteins'
expression, including Bcl-2, Bel-XL, Mcl-1, and survivin [51].

Cytokines of the IL-6 family have an important role in generating normal
stem/progenitor cells and cancer stem cells (CSCs) [24]. Also, IL-6 helps tumor growth with
increasing telomerase activity that prevents cellular senescence [24]. IL-6 has a critical role in
promoting cancer progression and severity [56]. The most common cancer-related cytokines
IL-1, IL-4, and IL-6, are associated with tumor malignancy [57]. The pro-tumoral role of IL-6
in multiple myeloma has been demonstrated, and I1L-6 deficient mice were resistant to murine
plasmacytoma development [30].

IL-1, as a pleiotropic cytokine, promotes tumor proliferation, angiogenesis, and
metastases [58]. IL-1 B elevation is a frequent event in hematological malignancies. It has been
described as a poor prognosis biomarker in AML patients [52]. IL-1B promotes angiogenesis
and tumor invasiveness and also suppresses immune function [59].

TNF-a is a pleiotropic cytokine with roles in the initiation, promotion, and progression
of various cancers by activating NF-kB in the cancer cells [60,61] and induces IL-6 and IL-1
production [59]. For the first time, TNF-a was introduced as an anti-tumor factor in 1984. It is
produced by macrophages, T lymphocytes, natural killer (NK) cells, and neutrophils as two
bioactive forms, including the transmembrane form (tmTNF-a) and secretory form (sTNF-a)
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[60]. TNF-a has two receptors, including TNFRI, found on most cells, and TNFRII, which is
primarily expressed on hemopoietic cells [61]. TNF receptor activation leads to the induction
of genes involved in inflammation and cell survival [61].

An interesting example of cytokine-mediated carcinogenesis in human malignant
mesothelioma that TNF-a has a role in this type of cancer. TNF-« influences the initiation and
progression stages of all cancer types [27]. TNF-a activates NF-xB, which induces the
transcription of genes involved in cancer's major hallmarks, including cell survival,
proliferation, and angiogenesis [27,29]. TNF-a launches flu-like symptoms with fever, general
malaise, fatigue, lung injury, vascular leakage, cardiomyopathy, watery diarrhea, and acute-
phase proteins synthesis [26].

SARS-CoV-2 can cause CRS by inducing excessive and prolonged cytokine and
chemokine responses in some patients [45]. SARS-CoV-2 infection in the respiratory system
can activate both NF-xB and STAT3 [2], so NF-kB proteins can accelerate cell proliferation,
inhibit apoptosis, and promote cell migration invasion, and stimulate angiogenesis and
metastasis and also regulate innate and adaptive immune responses [43].

5. Conclusion

Given that inflammation plays a crucial role during all stages of tumor development,
future studies will undoubtedly uncover whether CoViD-19 infection can influence cancer
initiation or even metastatic spread. This review collected some information about the
cytokines, which increase in current pandemic viral infection, and the cytokines' correlation
with cancer formation mechanisms. According to past reports, the current inflammation
cytokines such as IL-6, IL-1, and TNF-a that level up in CoViD-19 infection can activate
signaling pathways that change normal cells and promote cancer development. After evaluating
current literature works, the data show that cytokine storms might influence different
vulnerable cells so is required more research.
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