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Abstract: Type 2 Diabetes Mellitus (T2DM) is a common chronic metabolic
disease that spread worldwide. Uncontrolled T2DM cause many complications
such as neurological diseases and lower limb amputations, in addition to other
health problems. Insulin resistance and low-grade chronic inflammation in adipose
tissue is a characteristic of people with obesity and diabetes. In fact, T2DM is
inflammatory cytokines are involved in the pathophysiology of this disease. About
1.4 million Iraqis suffer from diabetes. In this study, some clinical characteristics
and parameters level sixty patients with T2DM (32 male and 28 female) and thirty
as controls were quantified. There are no significant differences between patients
and controls in both age and BMI. There are expected significant increase in FBG,
HbAlc and HOMA-IR in T2DM patients than healthy groups. There is a
significant decline (p = 0.003) in serum IL-24 level in T2DM patients as compared
with the controls. The low level of interleukin-24 in patients with T2DM has
serious consequences. Despite the neuropathies in patients and the disease-causing
nerve damage and non-healing of wounds, the decrease of this interleukin leads to
may decrease in the patients’ immunity. The skin acts as a barrier against harmful
microbes on several levels: colonization, pH, mechanical/physical and
immunological IL-24 significant decrease (p < 0.001) in patients with type
2 diabetes and those who suffer from diabetic foot (DF) ulcers in particular affects
the healing of ulcers and poorly in wound healing. There is a significant decline
(p = 0.03) in serum IL-29 level in T2DM patients as compared with controls. The
decreased IL-29 levels in patients may be defect in immune system particularly
patients with T2DM, where IL-29 is secreted from T-helper that affects
keratinocytes and activated against viruses. In contrast, an IL-29 level decrease in
patients with DF ulcers induce an inflammatory response.
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Introduction

Type 2 Diabetes Mellitus (T2DM) is a common chronic metabolic
disecase that spread worldwide.! Diabetes Mellitus is a condition
characterized by high blood glucose levels caused by the pancreas which
does not produce enough insulin or because of insulin resistance when cells
do not respond to insulin.>? Islet cells generate and secrete insulin into the
bloodstream in response to elevated blood glucose levels after eating. The
binding of insulin and insulin receptors in cell membranes induces glucose
transporter translocation to the cell membrane, allowing cells to absorb
more glucose and lowering blood glucose levels. The pancreas' inability to
produce enough insulin, or improper insulin action, causes hyperglycemia.
This has been connected to long-term organ and tissue damage and failure.”
In fact, the inflammatory cytokines are involved in the pathophysiology of
this disease.® Neurological diseases and lower limb amputations are among
the most common consequences of T2DM, in addition to kidney disease,
blindness, heart attacks and strokes around the world.>® About 1.4 million
Iraqis suffer from diabetes. The prevalence of type 2 diabetes in Iraq ranged
from 8.5% (IDF age-adjusted) to 13.9%.” The prevalence of diabetes in the
world in 2019 is about 9.3 % and by 2030, the population will have risen to
10.2 (578) million, with 10.9 (700) million in 2045. In 2019, the prevalence
of diabetes was predicted to be around 9% among women and 9.6% among
men.® Uncontrolled T2DM cause many complication, therefore as the
treatment of diabetes includes taking antibiotics and changing lifestyle for
diabetics in terms of healthy nutrition and sports on a daily basis.” Given
that T2DM 1is a metabolic syndrome linked to an increased risk of heart
disease and stroke, and that more severe disease courses are linked to more

late complications, it's possible that the presence of any diabetic foot ulcers
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disease could be linked to a patient's history of cardiovascular disease and
peripheral vascular disease.'™' Moreover, it is estimated that one out of
every six diabetes patients would develop a plantar ulcer over their
lifetime.'* Long term of poorly controlled hyperglycemia lead to multiple
dysfunctions, mainly vascular complications that affect small vessels
(microvascular), large vessels (macrovascular), or both. Many interleukins
are affected by various diseases, and one of these diseases is diabetes
mellitus because of the complications that this disease causes from
infections and inflammation. Interleukin-24 (IL-24) plays an important role
in the inflammatory autoimmune disorder for example psoriasis, arthritis
and other allergic skin conditions."” IL-24 a multi-directional cytokine that
affects a number of cells such as immune cells and epithelial cells and acts
on anti-bacterial response, anti-tumor actions, wound healing, tissue
remodeling. Therefore, the effect of this cytokine might lead to further
complication because its role varies depending on the cell, the target and the
stage of the immune response.' Interleukin 29 (IL-29), a new member of
the type II cytokine family, was discovered in 2003. The presence of
interleukin-29 in the skin reduces the incidence of infections. A difference
has been observed in the protective capabilities of skin affected in some skin
diseases. The skin that contains interleukin-29 is less prone to infection in

comparison to that from patients where IL-29 is absent."

Materials and Methods
Subjects

Patients. Sixty patients with T2DM (32 male and 28 female) were
selected. A mean of their age was 53.18 £ 9 years. In the present study, only
10 patients suffering from diabetes food (DF) syndrome were investigated.

The specimens were collected from Al-Sader medical city (Diabetes and
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Endocrinology center) in Najaf governorate-Iraq for the period November
2021 till February 2022. All patients were diagnosed according to the WHO
criteria,'® where they had fasting plasma glucose levels> 7.0 mmol/L, and
HbAlc > 6.5%. Patients were evaluated based on their medical histories to
see if they had any systemic disorders, which might have an effect on the
studied parameters, kidney diseases, liver diseases, heart diseases, thyroid

disease, hypertension and positively CRP were excluded from the study.

Control group. Thirty apparently healthy subjects (12 males and 18
females) were classified as a control group. The ages were like investigated

patients. The healthy groups remarked by negative CRP values.
Anthropometric values

Body mass index (BMI) was used to define obesity and calculated
from the formula: BMI (kg/m®) =Weight (kg) / (Height)® (m?). In the
present study we will use the WHO classification of underweight
(BMI<18.5kg/m?), normal weight (BMI=18.5-24.9kg/m’), overweight
(BMI25.0-30.0 kg/m?) and obese (BMI>30.0kg/m?) for adults.

Biochemical Investigations

Blood samples. A specimen of 5 mL of venous blood was drowning
by using single-use needle plastic syringes from every patient or control.
The samples were divided in to two tubes. Anticoagulant tubes have 2 mL
from blood, and the remaining blood samples were transferred into clean
tubes. Blood was left at room temperature for quarter of hour until clotting
and centrifuged at 3000 rpm for ten minutes, thereafter the serum was
separated and transported into new disposable plain tube (hemolysis

samples were discarded) and stored in freeze (-20 °C) till analysis.
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Experimental Apparatus.

Tablel. Laboratory equipment’s and apparatus.

Instruments Company Origin
Centrifuge Hettich Germany
Deep freezer Hitachi Japan
ELIA Microplate reader BioTek USA
Glass gel tube Q.L.Iab China
Micropipette Dragon China
Refrigerator Hitachi Japan
Spectrophotometer Spctra721 Taiwan
Water bath Hettich Germany
Chemicals.

Table 2. Chemicals and kits used in the study.

Type of Kits Company/Country
Blood Glucose Kit Spinreact/Spain
CRP LTD/Britain
HbAlc Kit KAMIYA BIOMEDICAL
IL-24 kit BT LAB/ China
IL-29 kit BT LAB/ China
Insulin Kit BT LAB/ China
Triglyceride Kit Spinreact/Spain
Statistical Analysis

The Kolmogorov-Smirnov test was used to examine the distribution
types of the results group. A statistical distribution divided variable results
into two types; nonparametric variables and normally distributed variables.
The results were expressed for the variable normally distributed, like (mean
+ standard deviation). The control and patient groups and subdivided groups

were compared by use Pooled t-test in the measured parameters. The
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distinction among groups is considered like different of statistically when
p < 0.05. SPSS Statistics base 26 and IBM-USA performed was used for all
statistical analysis. The data were analyzed using Excel Microsoft Office

2016.
Results and Discussion

Initial comparison of the Patients and Controls

Firstly, the demographic and clinical characteristics of T2DM
patients and healthy controls were compared. All these variables, for both

T2DM patient and controls, were illustrated in Table 3.

Table 3. the comparison between T2DM patients and controls.

Variables Patients controls P- value
Age (year) 53.18+9.57 50.27£7.5 0.13
BMI (Kg/mz) 28.83+4 28.9+5.2 0.929
FBG (mmol/L) 11.17+£3.42 5.46+0.31 <0.001
HbAlc % 9.97+1.98 5.54+0.6 <0.001
Insulin pM 30.96+4.28 44.43+3.99 <0.001
HOMA-IR 2.5+0.83 1.78+0.19 <0.001

BMI: Body mass index, FBG: Fasting blood glucose, HbAle: Glycated
hemoglobin, HOMA-IR: Homeostasis Model Assessment-Insulin Resistance

There are no significant differences between patients and controls in
both age and BMI. The age at which T2DM individuals develop the disease
has an impact on their overall health. Increasing evidence suggests that
T2DM causes a faster decrease of B-cell function than later-onset T2DM.
Young-onset T2DM has also been linked to an increased risk of death and
morbidity.'” Patients with early-onset T2DM (defined as a diagnosis before
the age of 40) are more likely to have vascular problems.'® There is
expected a significant increase in FBG, HbAlc and HOMA-insulin
resistance in T2DM patients than healthy groups. While, there is a

significant reduction in serum fasting insulin. High FBG adversely affects
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lipid profile, adipocytokines and liver function that may have desirable
effects on metabolic markers in the patients.'’ There is now increasing
evidence that the adipose tissue produces free fatty acids that contribute to
insulin resistance, as well as mediators (adipokines) that can influence
insulin signaling pathways.”® Identifying the molecular pathophysiological
mechanisms of insulin resistance and T2DM is critical for the development
of new and more effective drugs to properly treat our insulin resistance and
T2DM patients.”' The concept that released insulin first functions as a friend
that contributes to -cell compensation before becoming a foe and
contributing to -cell decompensation during the development of T2DM is a
source of controversy.”” Obesity is a low-grade chronic inflammatory
syndrome characterized by systemic and peregrine increases in cytokines,
chemokines, and adipokines.”> The increase of macrophages in adipose
tissues is linked to obesity. This adipose tissue inflammation plays a key
role in the pathophysiology of various obesity-related diseases, including

. . . 24
insulin resistance.

Comparison of the Interlukine-24 levels

A graphical profile of the 1L-24 levels in T2DM patients and the
control groups is displayed in Figure 1.
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Figure 1. Serum IL-24 levels in T2DM patients and control groups.
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There is a significant decline (p =0.003) in serum IL-24 level in
T2DM patients as compared with the controls. Insulin resistance and
low-grade chronic inflammation in adipose tissue characterize obesity and
diabetes.” The low level of interleukin-24 in patients with T2DM has
serious consequences. Despite the neuropathies in patients and the disease-
causing nerve damage and non-healing of wounds, the decrease of this
interleukin leads to may decrease in the patients’ immunity. IL-24 maintains
tissue homeostasis by inducing innate defense systems during infection and
inflammation in epithelial tissues. This role is accomplished by encouraging
the production of antimicrobial peptides such as the S100 family proteins
and the calprotectin subunits SI00A8 and S100A9.%° IL-24 enhances the
recruitment and activation of leukocytes at the site of inflammation by
increasing cytokine and chemokine production in epithelial cells.”’ IL-24 is
a multifunctional cytokine that has effects on immune cells, epithelial cells,
and cancer cells, among others. Antibacterial responses, tissue remodeling,
wound healing, and anti-tumor actions are only a few of the functions of
IL-24. Because its role varies depending on the cellular source, target, and
phase of the immune response, the effects of IL-24 appear to be highly
complex. Overall, might think of IL-24 as an immunoregulatory cytokine
and antitumor molecule." Other studies were found plasma IL-24 levels
were increased in the pathogenesis of spondylarthritis.*®

There is a significant decrease (p <0.001) in serum IL-24 level in
diabetes foot ulcers as compared with T2DM patients.
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Figure 2. Serum IL-24 levels in DF patients and T2DM.

The skin serves as the primary wall (protective) between the
organism and its surroundings. In truth, the skin protects the body organism
against UV radiation, physical trauma, viruses, allergens, toxins, and
electrolyte loss with excessive water, among other things.”” The skin acts as
a barrier against harmful microbes on several levels: mechanical/physical,
colonization, pH, and immunological.*® The significant decrease of IL-24 in
patients with type 2 diabetes and those who suffer from diabetic foot (DF)
ulcers in particular affects the healing of ulcers and poorly in wound
healing. Recently, both in vitro and in vivo, IL-24 has been shown to
modulate wound healing responses.’' DF ulcers are a prevalent consequence
of diabetes mellitus, and there are currently no completely effective
therapeutic alternatives.”” DF ulcers, pressure ulcers, and venous ulcers are
all chronic lesions result from significant delays in wound healing
processes.” DF ulcers are becoming more common as the global incidence
of diabetes mellitus rises, resulting in significant morbidity and mortality
and a large unmet medical need.** A neuropathic DF ulcer has a five-year
death rate of roughly 50%, which is comparable to colon cancer.*

IL-24 influence on wound healing has been found to be
contradictory in several studies. IL-24 has varied functions in wound
healing based on the type of cell and process stage. Further research will be

required to determine why these inconsistencies exist.*® Another study was
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conducted on mice, as a diabetic wound healing model. It was emphasized
that 1L-20, IL-22, and IL-24 can speed up epithelial closure, therefore, the
findings show that cytokines from the IL-20 family, notably 1L-24, IL-22,
and, IL-20 may be beneficial to patients with DF ulcers.**

Comparison of the Interleukine-29 levels

Analogously, a graphical plot of the IL-29 concentration in T2DM
patients and the control groups is displayed in Figure 3. There is a slightly
decrease (p <0.03) in serum IL-29 level in than T2DM patients than healthy

group.

30 27.54
25

20 16.74
15

10

IL-29 ng/L

(]

o

Patients Controls

Figure 3. Serum IL-29 levels in T2DM patients and controls.

IL-29 has many immune regulatory functions and has a functional
role in immune cells. In various immune cells, IL-29 regulates the
production of inflammatory cytokines and chemokines.”” The decreased
IL-29 in patients may be defect in immune system particularly patients with
T2DM, which suffering from weak immunity. In patients with metabolic
diseases such as DM, IL-29 could be a promising new target for treating
obesity and insulin resistance.”® In 2020, Lin et al. discovered that patients
with overweight and obesity had significantly higher serum levels of IL-29

than healthy people, in this investigation the patients and controls have no
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significant in BMI. Functional role of IL-29 in immune cells. IL-29
regulates the generation of inflammatory cytokines, and chemokines in
different immune cells.”” IL-29 may modulate the immune and response and
protect people from viral infection by producing an antiviral state.
Furthermore, these cytokines are attractive proteins for studying the cell-
mediated immune response because they can change the cytokine profile of
T cells.” * Both obese and overweight people possess an increased 1L-29
level due to a superior mass of adipose tissue.”> Other researchers have
discovered low-grade chronic inflammation in the adipose tissue of obese
people.*' IL-29 is increased in virally infected cells and plays an important
role in host defense against microorganisms. In tumors such as lung cancer,
esophageal carcinomas, and colorectal cancer, IL-29 has an anticancer
effect '°. In rheumatoid arthritis and allergic asthma, IL-29 works as an
immunological modulator in addition to its antiviral and anticancer
properties.*>

There is a slightly decrease (p= 0.04) in serum IL-29 level in
diabetes foot ulcers than T2DM patients (Figure 4).
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Figure 4. Serum IL-29 levels in DF ulcers and T2DM patients.

Dendritic cells and to a lesser extent keratinocytes appear to release

IL-29 in the skin in response to viral and bacterial infection. IL-29 secreted
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from T-helper that effected on keratinocytes and activated agist viruses.**
Decrease IL-29 in patients with DF ulcers inflammation increases and the
matter becomes more complicated. In diabetes individuals, long-term
exposure to excessive sugar reduced keratinocyte migration and
proliferation, resulting in insufficient wound re-epithelialization, which
further hampered wound healing.'* The protective abilities of the skin in
psoriasis and atopic dermatitis patients were shown to be different. Both
skin conditions weaken the skin, but psoriatic lesions with IL-29 are less
susceptible to viral infection than atopic dermatitis lesions without IL-29.%
Crosstalk between macrophages and adipocytes is regulated by IL-29,
where Platelets, keratinocytes, endothelial cells, and macrophages were
among the cell types that contributed to wound healing. IL-29, a novel
member of the IL-10- interferon cytokine family, is an important regulator
of some of wound healing and pathogens.*® IL-29 inhibits the development
of keratinocytes. Simultaneously, this cytokine enhances the preparedness to
transmit viral antigens to immune cells by increasing cellular manufacture
of proteins that directly inhibit virus replication. In non-infected skin, IL-29
increases keratinocytes' ability to react to viral and microbial products,
hence upregulating their inflammatory potential and innate immunity *°.
Other mediators secreted during dendritic cells maturation can work in
concert with IL-29 (eg, IL-20).47 Kerstin et al 2010 concluded, IL-29 may
play a significant role in the elimination of tumors and the clearance of viral

and microbial infections in the skin.*

Conclusions

In conclusion, this study reveals that both interleukins (24 and 29)

levels are decreased in patients with type 2 diabetes. Most of the
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interleukins are affected by the weight mass factor. Therefore, there is no
significant change between the T2DM and healthy group. The decrease in
these interleukins causes many immune complications because of their
important role in regulating cytokines and chemokines. IL-24 activates the
leukocytes in the inflammatory area to secrete chemokines and cytokines.
Moreover, IL-29 may modulate the immune and response and protect
people from viral infection by producing an antiviral effect. The decrease in
interleukins (24 and 29) in patients with foot ulcers may expose the patient
to serious complications, whereas a decline of IL-24 and 29 level might
cause poor wound healing progress. Because 1L-29 activates keratinocytes
its lower level in T2DM patients could impair the defense mechanism

against bacteria and viruses.

Acknowledgements

I would like to present special thanks to my supervisor Dr. Zainab Hussein
for this continuous advice, guidance and encouragement.

References

1. Noren Hooten, N.; Evans, M.K. Extracellular vesicles as signaling mediators
in type 2 diabetes mellitus. Am. J. Physiol. Cell Physiol. 2020, 318(6), C1189-
C1199.

2. Berbudi, A.; Rahmadika, N.; Tjahjadi, A.L.; Ruslami, R. Type 2 Diabetes and
its Impact on the Immune System. Curr. Diabetes Rev. 2020, 16(5), 442-449.

3. Ahn, HR.; Shin M.H.; Nam, H. S.; Park, K.-S.; Lee H. , Jeong S. K., Choi J.
S. & Kweon S. S. The association between liver enzymes and risk of type 2
diabetes: the Namwon study. Diabetol. Metab. Syndr. 2014, 6(1),14.

4. Randeria, S.N.; Thomson, G.J.A.; Nell, T.A.; Roberts, T.; Pretorius, E.
Inflammatory cytokines in type 2 diabetes mellitus as facilitators of
hypercoagulation and abnormal clot formation. Cardiovasc. Diabetol. 2019,
18(1),72.

5. WHO Global report on diabetes. http://www.who.int/diabetes/global-
report/en/. Accessed May 9, 2016.



Aya Refat Eswadi and Zainab Hussein AL-Hellawi 116

10.

11.

12.

13.

14.

15.

16.

DeFronzo, R.A.; Ferrannini, E.; Groop, L.; Henry, R.R.; Herman, W.H.;
Holst. J.J.; Hu, F.B.; Kahn, C.R.; Raz, 1.; Shulman, G.I.; Simonson, D.C.;
Testa, M.A.; Weiss, R. Type 2 diabetes mellitus. Nat. Rev. Dis. Primers 2015,
23(1), 150109.

World Health Organization. Diabetes. Geneva, Switzerland: World Health
Organization; 2018.

Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, Colagiuri
S, Guariguata L, Motala AA, Ogurtsova K, Shaw JE, Bright D, Williams R;
IDF Diabetes Atlas Committee. Global and regional diabetes prevalence
estimates for 2019 and projections for 2030 and 2045: Results from the
International Diabetes Federation Diabetes Atlas, 9" edition. Diabetes Res
Clin Pract. 2019, 157, 107843.

American Diabetes Association. Standards of Medical Care in Diabetes-
2019 Abridged for Primary Care Providers. Clin Diabetes. Standards of
medical care in diabetes-2019 abridged for primary care providers. Clin.
Diabetes 2019, 37,11-34.

Rossboth, S.; Lechleitner, M. and Oberaigner, W. Risk factors for diabetic
foot complications in type 2 diabetes—A systematic review. Endocrinol.
Diab. Metab. 2021, 4, e00175.

Sarfo-Kantanka, O.; Sarfo, F.S.; Kyei, A.C.; Mbanya, J.C. Incidence and
determinants of diabetes-related lower limp amputations in Ghana, 2010-
2015-a retrospective cohort study. BMC Endocr. Disord. 2019, 19(1), 27.

Liu, Y.; Liu, Y.; Deng, J.; Li, W.; Nie, X. Fibroblast Growth Factor in
Diabetic Foot Ulcer: Progress and Therapeutic Prospects. Front. Endocrinol.
2021, 12, 744868F.

Mitamura, Y.; Nunomura, S.; Furue, M.; Izuhara, K.; IL-24. A new player in
the pathogenesis of pro-inflammatory and allergic skin diseases. Allergol. Int.
2020, 69(3), 405-411.

Persaud, L.; De Jesus, D.; Brannigan, O.; Richiez-Paredes, M.; Huaman, J.;
Alvarado, G.; Riker, L.; Mendez, G.; Dejoie, J.; Sauane, M. Mechanism of
Action and Applications of Interleukin 24 in Immunotherapy. Int. J. Mol. Sci.
2016, 17(6), 869.

Kelm, N.E.; Zhu, Z.; Ding, V.A.; Xiao, H.; Wakefield, M.R.; Bai, Q.; Fang,
Y. The role of IL-29 in immunity and cancer. Crit. Rev. Oncol. Hematol.
2016, 106, 91-98.

WHO, Use of glycated haemoglobin (HbAlc) in diagnosis of diabetes
mellitus: abbreviated report of a WHO consultation. World Health
Organization, 2011.



117

IL-24 and IL-29 in T2DM with and without diabetic foot ulcers

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Huo, L.; Magliano, D.J.; Ranci¢re, F.; Harding, J.L.; Nanayakkara, N.; Shaw,
J.E.; Carstensen, B. Impact of age at diagnosis and duration of type 2 diabetes
on mortality in Australia 1997-2011. Diabetologia 2018, 61, 1055-1063.
Magliano, D.J.; Sacre, J.W.; Harding, J.L.; Gregg, E.W.; Zimmet, P.Z.; Shaw,
J.E. Young-onset type 2 diabetes mellitus - implications for morbidity and
mortality. Nat. Rev. Endocrinol. 2020, 16, 321-331.

Ghadge, A.A.; Diwan, A.G.; Harsulkar, A.M.; Kuvalekar, A.A. Gender
dependent effects of fasting blood glucose levels and disease duration on
biochemical markers in type 2 diabetics: A pilot study. Diabetes Metab.
Syndr. 2017, 11, S481-S489.

Morigny, P.; Houssier, M.; Mouisel, E.; Langin, D. Adipocyte lipolysis and
insulin resistance. Biochimie. 2016, 125, 259-266.

Zhang Y, Luk AOY, Chow E, Ko GTC, Chan MHM, Ng M, Kong APS, Ma
RCW, Ozaki R, So WY, Chow CC, Chan JCN. High risk of conversion to
diabetes in first-degree relatives of individuals with young-onset type 2
diabetes: a 12-year follow-up analysis. Diabet. Med. 2017, 34, 1701-1709.
Rachdaoui, N. Insulin: The Friend and the Foe in the Development of Type 2
Diabetes Mellitus. Int. J. Mol .Sci. 2020, 21(5), 1770.

Singh, S.; Dulai P.S.; Zarrinpar, A.; Ramamoorthy, S.; Sandborn, W.J;
Obesity in IBD: epidemiology, pathogenesis, disease course and treatment
outcomes. Nat. Rev. Gastroenterol. Hepatol. 2017, 14, 110-121.

Cai, Z.; Huang, Y.; He, B. New Insights into Adipose Tissue Macrophages in
Obesity and Insulin Resistance. Cells 2022, 11, 1424,

Haoqiang, Z.; Bing, S.; Shaoheng, H. Interleukin 29 activates expression of
tissue inhibitor of metalloproteinase 1 in macrophages via toll-like receptor 2.
Mol. Med. Rep. 2018, 17, 8363-8368.

Tamai, H.; Miyake, K.; Yamaguchi, H.; Takatori, M.; Dan, K.; Inokuchi, K.;
Shimada, T. AAVS8 vector expressing 1L.24 efficiently suppresses tumor
growth mediated by specific mechanisms in MLL/AF4-positive ALL model
mice. Blood 2012, 119, 64-71.

Jin. S.H.; Choi. D.; Chun, Y.J.; Noh, M. Keratinocyte-derived 1L-24 plays a
role in the positive feedback regulation of epidermal inflammation in response
to environmental and endogenous toxic stressors. Toxicol. Appl.
Pharmacol. 2014, 280, 199-206.

Kragstrup, T.W.; Andersen, M.N., Schigttz-Christensen. B., Jurik, A.G., Hvid,
M., Deleuran, B. Increased interleukin (IL)-20 and IL-24 target osteoblasts
and synovial monocytes in spondyloarthritis. Clin. Exp. Immunol. 2017,
189(3), 342-351.



Aya Refat Eswadi and Zainab Hussein AL-Hellawi 118

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

Proksch, E.; Brandner, J.M.; Jensen, J.M. The skin: an indispensable barrier.
Exp. Dermatol. 2008, 17(12), 1063—-1072.

Wolk, K.; Witte, K., Sabat, R. Interleukin-28 and interleukin-29: novel
regulators of skin biology. J. Interferon Cytokine Res. 2010, 30(8), 617-628.
Rutz, S; Wang, X.; Ouyang, W. The IL-20 subfamily of cytokines - from host
defence to tissue homeostasis. Nat. Rev. Immunol. 2014, 14(12), 783-795.
Leung, P.C. Diabetic foot ulcers—a comprehensive review. The Surgeon
2007, 5(4), 219-231.

Barrientos, S.; Stojadinovic, O.; Golinko, M.S.; Brem, H.; Tomic-Canic, M.
Growth factors and cytokines in wound healing. Wound Repair Regen. 2008,
16(5), 585-601.

Kolumam G, Wu X, Lee WP, Hackney JA, Zavala-Solorio J, Gandham V,
Danilenko DM, Arora P, Wang X, Ouyang W.IL-22R Ligands IL-20, IL-22,
and IL-24 Promote Wound Healing in Diabetic db/db Mice. PL0oS ONE 2017,
12(1), e0170639.

Del Core, M.A.; Ahn J.; Lewis R.B.; Raspovic K.M.; Lalli T.A.J.; Wukich
D.K. The Evaluation and Treatment of Diabetic Foot Ulcers and Diabetic Foot
Infections. Foot & Ankle Orthopaedics. 2018, 3(3), 1-11.

Mitamura, Y.; Nunomura, S.; Furue, M., Izuhara. K., IL-24: A new player in
the pathogenesis of pro-inflammatory and allergic skin diseases Allergol. Int.
2020, 69, 405e411.

Wang., J.M.; Huang, A.F.; Xu, W.D.; Su, L.C. Insights into IL-29: Emerging
role in inflammatory autoimmune diseases. J. Cell Mol. Med. 2019, 23, 7926—
7932.

Lin TY, Chiu CJ, Kuan CH, Chen FH, Shen YC, Wu CH, Hsu YH. IL-29
promoted obesity-induced inflammation and insulin resistance. Cell Mol
Immunol. 2020, 17(4), 369-379.

Cox, M.A.; Kahan, S.M.; Zajac, A.J. Anti-viral CD8 T cells and the cytokines
that they love. Virology. 2013, 435(1), 157-169.

Kempuraj, D.; Donelan, J.; Frydas, S.; lezzi, T.; Conti, F.; Boucher, W.;
Papadopoulou. N. G.; Madhappan. B.; Letourneau. L.; Cao, J.; Sabatino, G.;
Meneghini. F.; Stellin. L.; Verna. N.; Riccioni. G.; Theoharides,
T.C. Interleukin-28 and 29 (IL-28 and IL-29): New Cytokines with Anti-Viral
Activities. Int. J. Immunopathol. Pharmacol. 2004, 17(2), 103-106.
Dolganiuc, A.; Kodys, K.; Marshall, C.; Saha. B.; Zhang, S.; Bala, S.; Szabo,
G. Type I Interferons, IL-28 and IL-29, Are Increased in Chronic HCV
Infection and Induce Myeloid Dendritic Cell-Mediated FoxP3+ Regulatory T
Cells. PLoS ONE 2012, 7(10), e44915.



119

IL-24 and IL-29 in T2DM with and without diabetic foot ulcers

42.

43.

44.

45.

46.

47.

48.

Li, Y.; Gao, Q.; Yuan, X.; Zhou, M.; Peng, X.; Liu, X.; Zheng, X.; Xu, D.; Li,
M. Adenovirus expressing IFN-lambdal (IL-29) attenuates allergic airway
inflammation and airway hyperreactivity in experimental asthma. Int.
Immunopharmacol. 2014, 21, 156-162.

Wang, F.; Lingxiao, Xu.; Xiaoke, F.; Dunming, G.; Wenfeng, T.; Miaojia,
Z. Interleukin-29 modulates proinflammatory cytokine production in synovial
inflammation of rheumatoid arthritis. Arthritis Res. Ther. 2012, 14, R228.
Hawerkamp, H.C.; Domdey, A.; Radau, L.; Sewerin, P.; Olah, P.; Homey, B.;
Meller, S. Tofacitinib downregulates antiviral immune defence in
keratinocytes and reduces T cell activation. Arthritis Res. Ther. 2021, 23, 144.
Wolk, K.; Witte, K.; Witte, E.; Raftery, M.; Kokolakis, G.; Philipp, S.;
Schonrich, G.; Warszawska, K.; Kirsch, S.; Prosch, S.; Sterry, W.; Volk,
H.D.; Sabat, R. IL-29 is produced by T(H)17 cells and mediates the cutaneous
antiviral competence in psoriasis. Sci. Transl. Med. 2013, 25(204), 204-129.
Albanesi, C.; Madonna, S.; Gisondi, P.; Girolomoni, G. The Interplay
Between Keratinocytes and Immune Cells in the Pathogenesis of
Psoriasis. Front Immunol. 2018, 9, 1549.

Wild, S.; Roglic, G.; Green, A.; Sicree, R.; King, H. Global prevalence of
diabetes: estimates for the year 2000 and projections for 2030. Diabetes Care.
2004, 27(5), 1047-1053.

Witte, K.; Witte, E.; Sabat, R.; Wolk, K. IL-28A, IL-28B, and IL-29:
promising cytokines with type I interferon-like properties. Cytokine Growth
Factor Rev. 2010, 21(4), 237-251.



