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Diabetes, which is considered as a chronic metabolic disorder leads to an increase in inflammatory
cytokines and oxidative stresses. Studies have shown several functional differences in the oxidative stress
and inflammatory cytokines responses in diabetic/normal cancerous patients candidate for radiotherapy.
Also, radiotherapy as a cancer treatment modality is known as a carcinogen due to oxidative damage via
generation of reactive oxygen metabolites and also causing inflammation of the tissue by increasing

ggygv OtrdS" the inflammatory cytokines. Therefore, the consequence of diabetes on oxidative stress and increased
lnlgalilrer?ation inflammatory factors and synergistic effects of radiotherapy on these factors cause complications in
Radiotherapy diabetics undergoing radiotherapy. It is considered as one of the most interesting objectives to control

inflammation and oxidative stress in these patients. This review aims to concentrate on the influence
of factors such as MPO, MDA, IL-1[3, and TNF-« in diabetic patients by emphasizing the effects related
to radiation-induced toxicity and inflammation by proposing therapeutic approaches which could be
helpful in reduction of the complications.

© 2020 Greater Poland Cancer Centre. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Radiation induces acute and late damages on the normal
cells, which initiates with energy deposition and Reactive Oxygen
Species (ROS) generation. It activates response transcription factors
and signal transduction pathways and leads to molecular changes,
damage to DNA, lipids, and proteins as well.! These pathways acti-
vation induces a series of restorative and reparative processes, and
leads to cytokine milieu changes, the influx of inflammatory cells
as well as post-radiation problems.? The consequent activation of
various enzymes and transcription factors ultimately contributes
to genes coding inflammatory cytokines, such as TNF-a, IL-1(3,
and IL-6, including submucosa and basal epithelium, being up-
regulated. This inflammation and tissue damage triggers ulceration
and subsequent bacterial colonization, further feeding a vicious
cycle of cytokine-mediated inflammatory damage.? In this respect,
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diabetes and radiotherapy cause an increase of oxidative stress
and inflammatory cytokines and the combination of these fac-
tors in diabetic patients under radiotherapy leads to complications
which are higher compared to non-diabetic patients. Thus, the
present research aims to present the functional response of dia-
betic/normal cancerous patients to inflammatory cytokines and
oxidative stresses after radiotherapy.

2. The relationship between cancer and diabetes

Human Type 1 Diabetes (T1D) is considered as a disease of
autoimmune system, and Type 2 Diabetes (T2D) is developed when
[3-cells could not secrete sufficient insulin in demand, especially
in case of increased insulin resistance. Both diabetes mellitus and
cancer are known as highly prevalent diseases all over the world.
Cancer mortality is reported to moderately increase in patients
with diabetes as compared to non-diabetics.* Clinical reports indi-
cated that diabetic patients develop cancer more frequently.’ In
addition, it is reported that about 20% of cancer patients suffer
from diabetes at the same time, since there might be a biolog-
ical relationship between those diseases.® Earlier studies have
reported that in cancer patients increased neoplastic prolifera-
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tion rates as well as high risk of tumor progression or metastases
are concurrent with diabetes mellitus; attributing to the effects
of hyperinsulinemia, hyperglycemia, and inflammatory cytokines.”
Inflammation is related to cancer development, progression, inva-
sion, and metastasis.® To an extent, chronic inflammation causes
mutations and proliferation of mutated cells through production of
injurious ROS. This increases the induction of transcription factors
including the nuclear factor kappa-chain enhancers of activated {3
cells (NF-wB), STAT3 and the activator protein 1 in premalignant
cells to increase cell proliferation and survival, and in the initiated
angiogenesis in combination with hypoxia. Cytokines that promote
tumor are as follows: IL-6, IL-11, TNF-¢, IL-1[3, IL-23, etc. accord-
ing to the specific tumor type and its stage the effect of which
is variable. Moreover, inflammation enhances metastasis, a major
mechanism of cancer mortality. Therefore, long term exposure
to chronic inflammation and oxidative stress increases progres-
sion toward malignant transformation in susceptible cells '0 At
the same time, in the case of humans, oxidative stress is reported
to boost IL-6, IL-18 and TNF-a 11 circulating levels in relation
to acute hyperglycemia, based on tumor growth and progression.
Some studies have suggested a significant link between T2D and
mortality risk due to the liver, pancreatic, colorectal, breast, and
endometrial cancer.!!

For example, in patients with diabetes in the case of the treat-
ment of breast and colorectal cancer, several studies have shown
a high toxicity and mortality.'? Even in patients who suffer from
cervical cancer, it is a crucial prognostic factor and there is a
relationship between it and poor survival in patients with cervi-
cal cancer. T2D-induced hyperglycemia induces TNF-a and IL-6
releases in patients with hepatic steatosis and improves cancer
pathogenesis.!> Some studies recognized that chronic pancreati-
tis and T2D are two risk factors for development of pancreatic
cancer.'* There is a relationship between T2D, pancreatic can-
cer and low-grade systemic inflammation. Considering the link
between diabetes and cancer, it might be interesting to point
that the local inflammation is controlled by Tumor-Associated
Macrophages (TAMs).!> It has previously been proposed that
elevated systemic cytokines levels as well as tumor-infiltrating
leukocytes such as TAMs are involved in pancreatic cancer pro-
gression as well as hyperglycemic effects on the cancer pathway
genes presented.!%17 Finally, primary cancer cells long term expo-
sure to hyperglycemic conditions in-vivo or in-vitro may result in
epigenetic modification of cancer pathway genes persisting. This
can happen in normoglycemic conditions.

3. The interaction between diabetes and immunological
factors

The most important causative factors active in the pathogen-
esis of T2D as well as insulin resistance are proinflammatory
and/or oxidative stress mediators. The proinflammatory mediators
interdependently have a key role in inducing tissue-specific inflam-
mation leading to pathogenesis of T2D and the insulin resistance
development.'® T1D caused by autoimmune processes mediated
by inflammatory cytokines within islets is reported to play a
role in leading B-cell dysfunction and death.'® The IL-1 receptor
is plentifully expressed in B cells?® and in the context of T1D,
the major proinflammatory pathways activated by IL-18 in 8-
cells are involved in signaling by c-jun N-terminal kinase (JNK)?!
and NF-«B,?2 iNOS (NOS2) expression increases and enhances NO
production due to signaling that it is significantly involved in
a deleterious effect of IL-18 on B-cells.?® It is proposed to be
an immune-mediated pathway where proinflammatory cytokines
seem to be of great significance, particularly IL-13.2* Additionally,
the role of IL-1B in T2D has been indicated in earlier studies.?

T2D is marked by hyperglycemia which in turn is due to insulin
resistance and islet (3-cells low level insulin secretion and IL-1f3 has
a significant role.?> Nearly all studies have reported that insulin
resistance and low insulin secretion leads to hyperglycemia and
that, in turn, leads to increased plasma IL-1{3 levels; this process
happens through triggering cell types to release IL-13'° which in
turnitresults inislet 3-cells dysfunction, and impairs insulin secre-
tion leading to diabetes.?® The mitochondrial activity of Islet B cells
is 2-3 times higher than any other cell. This is due to blood glucose
sensing and coupling through glucose oxidation in mitochondria to
insulin secretion and this factor is vulnerable to elevated ROS activ-
ity, which explains why {3 cells are susceptible to glucose-induced
IL-1B.19 It is known that TNF-« is effective in insulin resistance
via reducing the expression of an insulin-regulated glucose trans-
porter in adipocytes, skeletal, and cardiac muscles known as a
glucose transporter type 4 (GLUT4).2” TNF-a induces the inflamma-
tion in pancreatic islets as main stimuli. It activates NF-kB leading
to apoptosis in pancreatic islets B-cells.?® TNF-a among various
pro-inflammatory cytokines induces tissue-specific inflammation
as the pathogenesis of T2D.2° Additionally, TNF-a activates the
endothelial production of adhesion molecules including intracel-
lular adhesion molecule-1 leading to insulin resistance.?°

According to previous experimental and clinical studies, it can
be concluded that oxidative stress is significant for pathogenesis
and it can lead to the development of complications of both types
of diabetes.3! Many studies have reported that the oxidative stress
as a key factor in diabetes and reported its important role during
diabetes including insulin action impairment and higher level of
complication incidence.?? By changing many metabolic and signal-
ing pathways involved in diabetic complications, overproduction
of superoxide anions, which is due to hyperglycemia and occurs
through mitochondrial electron transport chain, a maladaptive
response can be observed. Diabetes mellitus is marked by varied
metabolic issues such as insulin resistance and hyperglycemia, and
hyperlipidemia-induced elevation in the Free Fatty Acids (FFA),
high level of Advanced Glycation End-products (AGEs), and exag-
gerated superoxide anion production leading to the induction of
more complications for patients.3-34 Such metabolic abnormalities
may cause malfunctions and change the tissues structure and blood
vessels. The high level of superoxide anion productionisinrelation-
ship with the major pathways activation effective in pathogenesis
of diabetic complications (Fig. 1).

4. The interaction between radiotherapy and
immunological factors

Depending on the tumor type and stage, several cancer
treatment options along with treatment recommendations are
available. The mainstays of cancer therapy are as follows: surgery,
chemotherapy, and radiotherapy. It is reported that at least 50%
of all diagnosed cancer patients undergo radiotherapy during can-
cer treatment leading to a cure rate of about 40%.3> Although
radiotherapy is a treatment for cancer, findings have indicated
that longer-term effects may cause it to be misleading.3® Radia-
tion exposure causes an inflammatory response in which immune
cells are vital in the regulation of the repair process. With the
emergence of radio immunotherapeutic strategies for cancer treat-
ment the ability of ionizing radiation in eliciting immune responses
and management of tumor growth has been exploited.3” For dam-
aged or irradiated tissues, inflammatory responses resulting from
irradiation recruit inflammatory monocytes which differentiate
into macrophages that migrate into affected tissues. In addition,
macrophages (M1) secrete cytokines and reactive species leading
to non-targeted effects.>8
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Fig. 1. Hyperglycemia causes variety of inflammatory mediator’s production such as IL-13 and TNF-a and also over production of superoxide anions.

M1-polarized macrophages activation indirectly enhances anti-
tumor immunity by an adaptive anti-tumor immunity stimulation.
Additionally, M1 has a direct anti-tumor activity. The macrophage
consumption by the radiation-induced apoptotic cells leads to acti-
vation of macrophages’ this process is regarded to be initially
beneficial; yet, in a longer run, it leads to inflammatory progres-
sion and carcinogenesis.>® Ionizing radiation can also overcome
the underlying pro-tumorigenic microenvironment by mediating
enhanced immune recognition of the tumor, which in turn leads
to some implications for the tumor-directed immune response not
only at the irradiated site but also at distant sites. Innate immune
recognition of a tumor is possible through direct ionizing radiation
through the liberation of cellular stress signals collectively termed,
“danger signals” where pathogen is absent.*® Radiotherapy treated
tumors elevate the production of IFN-vy-, which up-regulates the
Major Histocompatibility Complex (MHC-I) expression. Despite
CD4+T cells playing a central role in the anti-tumor adaptive
immunity, exogenous antigens, such as Tumor-Associated Antigens
(TAAs), are produced by Dendritic Cells (DCs) via cross-priming
to CD8+T cells in the context of MHC-I; this process can hap-
pen without a previous CD4+T cell help, suggesting that tumor
immunogenicity radiation is promoted radiation by enhancing
cross-priming and stimulation of the effectors phase of the anti-
tumor immune response.*! Moreover, radiotherapy may lead to
extensive cytokines and other mediators’ secretion by targeted
tumor and surrounding cells (tumor stroma endothelial cells and
infiltrating tumor cells). In addition, it promotes immunogenicity
of tumors via the activation of distinct types of tumor cell death
and secretion of proinflammatory cytokines, chemokine, and dan-
ger signals. This may well result in adaptive and innate immune
responses contributing to systemic anti-tumor results even far
beyond the zone.*? The regression of peripheral tumors or metas-
tases far beyond irradiation zone is the abscopal consequence of the
relationship of radiotherapy, which was first identified in Nobler’s
1969 report for immune disorders.*> Because of the cellular level,
adaptive immune systems contribute to systemic responses, and
NK cells have also been shown to be involved. Moreover, the

release of dangerous signals or cytokines including TNF-a and IFN-
T by radiation-damaged tumor cells stimulates DC maturation and
cross-presentation leading to the regression of more distant tumor
masses by activating tumor-specific T cells and enhancement of
the immune responses.**4> Application of radiation may cause
considerable local control and, based on the most recent research,
anti-tumor reactions at remote sites can be mediated by activating
and strengthening the endogenous cellular immune response.

4.1. Radiation-induced variation of MPO, MDA, IL-18 and TNF-«

Up-regulation of inflammatory cytokines in irradiated tissues
may be a key reason for the radiotherapy effects in long-term.
Inflammatory cytokines trigger transcription factors as well as
immune mediators, which, in turn, results in damages to normal tis-
sues. Furthermore, inflammation stimulates angiogenesis and leads
to resistance to radiation therapy.“® The advantages of radiother-
apy for treatment of the tumor cells is significant, yet the acute
side effects of exposure to ionizing radiation are still of great con-
cern; the inflammation is considered to be one of the key issues in
cancer treatment, particularly radiotherapy and chemotherapy.*’
Still there are indirect effects of ionizing radiation that are trig-
gered by the interaction with H20 as the main component of the
intracellular environment, which, in turn, results in rapid pro-
duction of OH', 0,*~ and H202. These fast produced ROS oxidize
DNA as well as proteins, lipids and other biomolecules within the
cell.*! ROS helps to differentiate the macrophages into the M2 acti-
vated macrophages similar to TAMs in terms of phenotype, and
enhance the tumorigenesis caused by proangiogenic and immune-
suppressive functions.*8

Lipid peroxidation is considered a key factor regarding damage
to cell membranes and leads to tissue damage that is mediated
by oxygen radicals.*® The effects of radiation on oxidative status
are valuable after radiation. According to a research on women
with breast cancer, MDA levels increase before and after radio-
therapy compared to healthy controls.’->! In another study on 30
patients with oral cancer, as well as 36 patients with lung cancer,
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Fig. 2. Indirect effect of ionizing radiation, leading to a production of hydroxyl radicals, superoxide and hydrogen peroxide. Variation of IL-13, TNFa,, MPO, MDA levels after

radiation was presented in this Figure.

I reported that radiation increased the level of lipid peroxidation
products.2:53

Based on studies on whole-body radiation in rats, it is reported
that it resulted in an increase in the liver, lung, colon, ileum, intesti-
nal and pancreatic MPO activities as well as MDA levels that were an
index of the presence of radiation-induced damage.”*~>7 Radiation
stimulates NF-kB -associated secretion of TNF-a, a necessity, for
the second phase of NF-kB activation and preservation.”® NF-«B is
a transcription factor, which in turn is critical for the activation of
several inflammatory mediators, cytokines, and cyclooxygenase-
2 (COX-2) enzyme. NF-«B activation increases COX-2 expression
leading to the induction of sequestration of neutrophils in tissue
showing inflammation component and infiltration of neutrophil
in tissue is shown by the MPO®° Oral mucositis was induced by
the administration of radiation. It is suggested that the MPO levels
increased in the irradiated tissue.%° Such infiltrating neutrophils
lead to a secondary activation peak in NF-xB and explain edema,
necrosis, and vacuolization caused by secondary mediators.6! The
release of an array of cytokines or chemokines is known as a key
contrivance applied by the host cells for communicating a systemic
signal of “alarm”. 62

Secretion of proinflammatory cytokines into the extracellular
space such as IL-6 and interleukin 1 (IL-1), and TNF-« activating the
resident immune cells (macrophages and lymphocytes) is among
early immune responses to radiation.5? Lots of cells generate TNF-a
that inhibits tumor angiogenesis, which cooperates with radiother-
apy. TNF-a similar to TGF-f3 cytokine may have dual effects on the
development of tumor. At low concentrations it leads to tumor
cell survival, tumor angiogenesis, and metastasis, but it has anti-
tumorigenic effects at high levels of concentrations.®* The variation
of IL-1 and TNF-a in the radiotherapy group was significantly
higher than non-radiotherapy group in distant rectal, abdominal,
and neck region of rats.6>-67

Adenosine Triphosphate (ATP) is an inflammatory molecule
that contributes to immunogenic cell death and, through bind-
ing the purinergic receptor P2x7 on DCs, it can alert the
NOD-like receptor family pyrin domain containing 3 (NLRP3)

inflammasome activation. It releases IL-1(3 which promotes T cell
priming.58 Radiation-induced autophagy in tumor cells evokes this
response.®® Yet, macrophages that are radiation-exposed and asso-
ciated with tumor can be an IL-1B source’? (Fig. 2). Therefore,
radiation can lead to inflammatory cells activation causing synthe-
sis and release of inflammatory mediators and certain cytokines,
and reactive oxygen metabolites as well. Inflammatory mediators’
production promotes the effect of inflammation in tumor resulting
in metastasis (Table1).

5. The complications of inflammation induced by radiation
in the human body

Severe and vital effects on normal tissues function, ery-
thema, pain, ulceration, edema, and pneumonitis can be due to
massive secretion of ROS and RNS, pronflammatory cytokines
and prostaglandins.”! Radiation damage induces inflammation,
which eventually stimulates fibroblast trans-differentiation into
myofibroblast. Beside their excessive proliferation, these myofi-
broblasts include excessive collagen as well as other Extracellular
Matrix (ECM) components, followed by a decrease in remodelling
enzymes. Reduced tissue compliance and cosmetic and functional
disability can be due to subsequent fibrosis that significantly affects
cancer patients quality of life, especially in head and neck cancers.”?

Radiotherapy can have the following long-term effects: necrosis,
atrophy, fibrosis, vascular damage, and carcinogenesis microvascu-
lar injury in irradiated tissue.”? Therefore, there are complex and
varied complications on the inflammatory cytokines after radiation.

6. The therapeutic approach to reduce the inflammation in
the diabetic patient under radiotherapy

Suppression of inflammatory mediators for sensitization of
tumor cells during radiotherapy is known as one of the tech-
niques of cancer treatment. So far, an extensive range of drugs
have been presented for tumor radio sensitization that inter-
fere with the inflammatory network in cancer.”# Prophylactic



Table 1
Summary of studies on the rat or human samples for inflammatory cytokines and oxidative stresses variation after radiotherapy. The list of studies quantitatively presented their results on TNF-q, IL-13, MPO, and MDA is shown
in table. As shown in table, radiations between 6-60 Gy on the rats’ tissue or serum and human serum were analyzed. Examinations were done 12, 24, 48, and 72 h after irradiation.

Study (reference) TPRT # Dose (Gy) Tissue or serum MPO (mean) MDA (mean) IL-1B (mean) TNF-a (mean)
Pre/post Pre/post Pre/post Pre/post
1. Sener et al.>® 12h 6Gy Colon of rat* 11/25 25/35 - -
72h 11/33 25/36
(U/g) (nmol/g)
2. Demirel et al.>* 72h 6Gy lung of rat* 0.75/1.55 (U/g of total protein) 2.25/8.23 (nmol/ml) - -
3. Olgag et al.”® 72h 10Gy Intestinal of rat** 3.6/9.1 (U/g tissue) 460/1500 (nmol/mg protein) - -
4.Miyamoto et al.%° 24h48h 0Gy Tongue of rat** 0:1.90:1.9 - - -
10Gy 10:3910: 4
18 Gy 18:4.118:4.2
30 Gy 30:3.9 30: 4.3 (Mpox 104/g mucosa)
5. Khayyal et al >’ 72h 6 GY Small intestine of rat* 0.25/0.75 (U/g tissue) - - 175/340 (Pg/g tissue)
6. Arjmandi et al.>° [P-RT*** 50 Gy chestwall Serum of human - 1.9/2.3 (micro mol/L) - -
7. Khoshbin et al.”! [P-RT*** 54 Gy chestwall Serum of human - 1.48/1.88 (ng/ml) - -
8. Sabitha et al.>? [P-RT*** 60 Gy Serum of human - 4,6/5.9 (nmol/dl) - -
9. Aricigil et al.%” 4 weeks 18 Gy Serum of rat** - - 22/55 (Pg/ml) 17/31 (Pg/ml)
10. Symon et al.®> 2 weeks 22Gy Distal rectums of Mice™* - - Increased by 300 fold Increased by 6 fold
11. Linard et al ¢ 6h 10Gy Ileal musculars layers of rat** - - 250/500 (Pg/ml Protein) 0.4/4 (Pg/ml Protein)

#: TPRT (Time Post Radiotherapy).

Radiation condition: *: Whole body radiation, **: Partial body radiation, ***: Immediately post RT.

Analysis of references showed that in: Ref. No.1- MPO variation after 12 and 72 h, was approximately doubled and third times respectively and for MDA these changes were 28% and 30% in colon tissue of rats, respectively. Ref.
No.2. In this study, after 72 h the variation of MPO for lung tissue were doubled and MDA changes were four fold. Ref. No.3. In the study of intestinal tissue, after 72 h, the MPO and MDA changes were three times. Ref. No.4. In
the oral tissue 24 and 48 h after irradiation 18, 10 and 30 Gy, changes of MPO level was similar and twice time. Ref. No.5. In the study of intestinal tissue after 72 h with 6 Gy, the level of MPO increased three-fold and for TNF-«
variation was two-fold. Ref. No.6 and 7 increase of MDA after 50 Gy irradiation studies of patients with breast cancer showed 17% in the blood serum after radiation and after 54 Gy radiation was 21%. Ref. No.8.Variation of MDA
levels were 22% in the blood serum of oral cancer patients. Ref. No.9. In the serum of rat, after 18 Gy radiation in neck area, the IL-1{3 level was more than doubled and the TNF-a level was about twice after four weeks. Ref. No.10.
In the study, two weeks after irradiation of 22 Gy of rat rectal tissue, IL-13 gene expression was three hundred times greater in radiation group, and TNF-« increased six fold. Ref. No.11. In the study of intestinal mucus ileum,
after 10 Gy, two fold changes were observed for IL-1and a tenfold for TNF-c.
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treatment is a key subject to the pharmacological treatment of
irradiated patient. Put away their lipid-lowering activity, statins
indicated pleiotropic effects where inhibition of regulatory pro-
teins dampen the inflammatory response after radiotherapy.’> In
addition, antithrombotic and anti-inflammatory effect of pravas-
tatin on the irradiated endothelium have been indicated by several
studies’® and it has been proved that statins are a therapeutic strat-
egy to control patients subjected to irradiation. Statins inhibit the
transcription factor NF-kB and its activation is explained regard-
ing both irradiated microvascular recipient arteries and veins.”” It
has been shown that the application of anti-inflammatory pentox-
ifylline in combination with antioxidant vitamin E reduces tissue
compliance in breast cancer patients with radiation-induced fibro-
sis (RIF),80 even though the impact of adding hyperbaric oxygen
therapy into this treatment has not yet been confirmed because
there are no crystal-clear outcomes.”?

Likewise, the mean dental difference in 20 patients with post-
radiotherapy nasopharyngeal carcinoma revealed a slight increase
after 8 weeks course of pentoxifylline administration,’® and the
SOD administration assessment is still under research using a fixed
fibrosis scale and an assessment of the quality-of-life impact.”*
Furthermore, agents - the Vascular Endothelial Growth Factor
(VEGF) inhibitor, bevacizumab, and the antiproliferative agent, pir-
fenidone - are under investigation to evaluate their efficiency
in RIF patients, done by outcome measures of pulmonary func-
tion testing and thoracic CT assessment.”? Additionally, IL-1[3,
TNF-q, IL-8, IL-6, or TGF-3 affects the reaction to irradiation in
different ways as follows: inflammation activation, invasiveness
of cancer cells, and fibrosis in the irradiated tissues; thus, spe-
cificinhibitors or drugs capable of manipulating cytokine pathways
are used to enhance the radiation research and therapy. Salem K
et al. reported that Dexamethasone (Dex) and Bortezomib (BTZ)
attenuates paracrine IL-6 secretion in the irradiated stromal cells
resulting in myeloma cell death and the inhibition of therapy
resistance.”? Therefore, the administration of unique inhibitors and
controlling the cytokine pathways involved in metastasis of cancer
cells is important to enhance radiotherapy.8° Evidence indicates
the significance of minimizing toxic stress in order to enhance
glycemic control and reduce immune and inflammatory responses
to avoid the onset or worse diabetes complications. In cases when
the investigation of immune and inflammatory biomarkers is not
a standard clinical practice, conventional strategies are signifi-
cant to assess the stressful life experiences and the role of effects
of these experiences in the symptoms related to neuropathy,
nephropathy, and cardiovascular disease as well as the quality of
life.8!

Moreover, the clinical application of such biomarkers is promis-
ing for risk prediction of diabetic patients cardiovascular and renal
complications as well as monitoring them leading to efficient
action. Since the resolution of inflammation is impaired, actions
such as pro-resolving lipid mediators could be considered as alter-
natives to prevent the renal and cardiovascular complications in
diabetic patients.” The findings of long term research introduced
IL-1B as a vital agent in the T2D pathogenesis. Proof-of-concept
clinical studies have validated IL-1 antagonism as a therapeutic
target. However, given the complexity of the immune system, it
seems that treatments such as anti-TNF and Salsalate®? may result
in complementary consequences.®> Given the proposed treatment,
it can be concluded that, as inflammation causes short and long
term side effects of radiotherapy, anti-inflammatory effects of
melatonin and other anti-inflammatory factors may, therefore,
alleviate side effects of normal tissues. In addition, anti-tumor
activity of melatonin is shown in some studies, which can con-
tribute to the control and management of tumor response to
radiotherapy.®4

7. Conclusion

As mentioned in detail in this review, the immune system is
actively involved in the diabetic cancerous patients undergoing
radiotherapy with respect to controlling tumor development, sup-
pression, or tumor progression. Cytokines and other inflammatory
and acute phase-related factors are predominating among proteins
whose levels in the blood were affected by local body irradia-
tion during cancer radiotherapy. Studies have shown that radiation
causes about three-fold increase in the inflammatory cytokines and
oxidative stress inrat or human samples. Inflammation s attributed
to some side effects of radiotherapy. Some of the most important
side effects include fatigue, mucositis, skin reactions, atheroscle-
rosis, fibrosis, diabetes mellitus, gastrointestinal ulcers, enteritis,
and myelopathy management of which needs great attention. In
diabetic patients, resolution of inflammation is impaired which
can be caused by high levels of TNF-a, IL-13 as well as proin-
flammatory cytokines. Seemingly, diabetic patients will have more
complications after radiotherapy than non-diabetic patients. Thus,
therapeutic strategies should be considered to lower the ROS pro-
duction or increase degradation of ROS and antioxidant treatment,
and the role of anti-inflammatory factors having protective effects
and causing a decrease in the complications in diabetic patients
undergoing radiotherapy should also be considered. Further stud-
ies are needed to find out how oxidative stress and inflammation
initiate, and to understand further effects on the function of cell
or their mechanisms in diabetic patients undergoing radiotherapy
and to identify more specific targeted therapies.
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