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BACKGROUND

Background: Changes in lifestyle and obesity in recent decades have brought
about a dramatic increase in type 2 diabetes mellitus (DM2) and allergic diseases.
Clinical and epidemiological studies associate obesity with epidemics of allergic
diseases. The link between obesity and DM2 with immunological components of
IgE-mediated allergic inflammation is not yet conclusively established.

Aim: To examine the key immunological components of IgE-mediated allergic in-
flammation in patients with DM2 and their relationship with glycemic control and
anthropometric indicators.

Materials and methods: Fifty-five patients with DM2 and 32 healthy controls
with normal weight and body mass index (BMI) of 18-24.9 kg/m? were included
in the study. Th2-cytokine profile (serum levels of IL-4 and IL-5, pg/ml) and total
serum IgE IU/ml were assessed in all participants in the study using ELISA. In pa-
tients with DM2, levels of glycated hemoglobin (HbA1c%) in the blood were also
measured.

Results: Serum levels of IL-4 and IL-5 are significantly higher in patients with DM2
compared to the control group. Serum levels of IL-4 and IL-5 positively correlated
with BMI as well as serum levels of IL-4 with waist circumference. Total serum IgE
positively correlated with HbA1c.

Conclusion: Obesity and poor glycemic control in patients with DM2 affect key
immunological components of IgE-mediated allergic inflammation and possibly
alter the immune response to allergens and antigens.

in patients with DM2. In this study we investigated

DM?2 is a metabolic disorder characterized by hy-
perglycemia, insulin resistance and relative lack of
insulin.! The increase of the number of patients with
DM?2 worldwide is associated with the epidemic of
obesity.? Clinical and epidemiological studies have
found association between obesity and increasing in-
cidence of allergic diseases in last decade.-> Obesity
probably induces changes in the immune response
concerning disorders in Th1/Th2 immune profile
by skewing of the immune system towards Th2.
Changes in the serum levels of Th2 cytokines IL-4
and IL-5 and total IgE are not sufficiently studied

the Th2 cytokine profile and total IgE in patients
with DM2 and healthy controls with normal weight,
and their relationship with glycemic control and
anthropometric parameters.

MATERIALS AND METHODS

STUDY POPULATION

Fifty-five patients with DM2 and 32 healthy controls
with normal BMI (18-24.9 kg/m?) were included in
the study. The patients with DM2 were previously
diagnosed with DM2 and duration of illness > 6
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months. The study received the approval of the
Medical University, Plovdiv Ethics Committee and
obtained prior written informed consent of patients
with DM2 and those of the control group. We met
all requirements of the Helsinki Declaration of
Patients Rights. Studies were carried out accord-
ing to the requirements of Good Clinical Practice
(Good Clinical Practice). The demographic data are
presented in Table 1.

rank correlation coefficients (r,) was used. All analy-
ses were performed using SPSS v. 20.0. P < 0.05
was assumed for the level of statistical significance.

RESULTS

Table 1 presents the demographics and the anthro-
pometric parameters of the studied contingent, and
the mean HbA 1¢% levels in DM2 patients. The mean
age of patients with DM2 was significantly higher

Table 1. Demographic and anthropometric parameters, and HbAlc in patients with DM2

Diabetic patients

Non-diabetic healthy controls

Parameters Mean + SD* Mean + SD p-value**
Number (n) 55 32
Age (years) 59.15+8.225 50.34+16.122 0.032
BMI (kg/m?) 34.224+7.026 22.130+1.876 0.000
Waist circumference (cm) 108.31+14.765 76.16+£7.314 0.000

HbAlc (%) 7.78941.169

*Mean and standard deviation, **p<0.05 is with statistical significance

ANTHROPOMETRIC PARAMETERS AND GLYCEMIC CONTROL

We measured height and weight and calculated BMI.
BMI was calculated using the standard formula for
each participant in the study [BMI = weight (kg)/
height? (m?)]. Waist circumference (cm) was mea-
sured in mid-axillary line connecting the lower edge
of the 12th rib and the top of the iliac crystals. In
patients with DM2, glycated hemoglobin (HbA1c%)
was measured by immune-inhibition test of venous
whole blood TINIA (turbidimetric inhibition im-
munoassay for hemolyzed whole blood).

Th2 cytokiNE PROFILE (IL-4 anD IL-5) AND TOTAL
IgE ANTIBODIES

Patients’ sera were used after separation from the
blood by centrifugation for 5 minutes. ELISA Human
IL-4 Platinum, ELISA Human IL-5 Platinum kits
(eBioscienceDx Diagnostics) and ELISA Total IgE
kit (EUROIMMUN Germany) were used to measure
serum IL-4, IL-5 and total IgE levels.

STATISTICAL ANALYSIS

Quantitative variables were tested for normality of
the distribution by the Shapiro-Wilk test. Mann-
Whitney U test was used to compare quantitative
variables. To investigate the relationship between
quantitative variables and misallocation, Spearman

than that of the control group due to difficulties
in recruiting healthy controls with BMI of 18-24.9
kg/m? comparable to the age of these patients. The
mean levels of HbAlc in DM2 patients were 7.789
+ 1.169%, which indicates that most of them had
poor glycemic control. Table 2 shows the serum
levels of IL-4, IL-5 and total IgE antibodies in DM2
patients and in the controls. IL-4 serum levels were
significantly higher in patients with DM2 (13.128
+ 15.162 pg/ml) compared to those in the controls
(10.239 £ 3.524 pg/ml, p = 0.000). Likewise, the
serum levels of IL-5 were significantly higher in
patients with DM2 (9.745 £ 1.258 pg/ml) than those
in the controls (8.962 + 1.388 pg/ml, p = 0.036).
There were no significant differences in the serum
levels of total IgE between patients with DM2
(138.657 £ 153.136 1U/ml) and controls (78.542 +
70.204 1IU/ml, p = 0.341). For comparison of Th2
cytokines and total IgE between the two groups, we
used non-parametric Mann-Whitney U test.
Tables 3 and 4 present the correlations between
Th2 cytokines and anthropometric parameters. We
found a positive, statistically significant correla-
tion between serum levels of IL-4 and BMI (r, =
0.277, p = 0.009). Positive, statistically significant
correlation was found between the serum levels of
IL-4 and the waist circumference (r; = 0.238, p =
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0.027). Positive, statistically significant correlation
was also found between serum levels of IL-5 and
BMI (r, = 0.245, p = 0.025). The serum levels of
IL-5 did not correlate with waist circumference (r, =
0.086, p = 0.439). We found a positive, statistically
significant correlation between HbAlc and serum
total IgE (r; = 0.298, p = 0.027).

DM2 compared with the control group of individu-
als without DM2 and DM2 patients with diabetic
nephropathy. Moreover, they observed a mixed
Th1/Th2 cytokine profile in patients with DM2.”
Dezayee ZM also observed higher serum levels of
IL-4 in patients with DM2 compared to the control
group.® IL-4 is one of the key cytokines involved
in allergic inflammation, whose primary role is to

Table 2. Comparison between serum levels of IL-4 pg/ml, IL-5 pg/ml and total IgE IU/ml between
patients with DM2 and control group without DM2 with BMI of 18-24.9 kg/m?

Parameters Diabetic patients Non-diabetic healthy controls  p-value**
(Mean £+ SD)* (Mean + SD)
Number (N) 55 32
IL-4 pg/ml 13.128+15.162 10.239+3.524 0.000
IL-5 pg/ml 9.745+1.258 8.962+1.388 0.036
IgE 1U/ml 138.657+153.136 78.542+70.204 0.341
*Mean and standard deviation, **p<0.05 is with statistical significance
Table 3. Relationship between anthropometric measurements and serum levels of IL-4
Cytokines and anthropometric measurements r* p-value**
IL-4 (pg/ml) 0.277 0.009
BMI (kg/m?) 0.277 0.009
Waist circumference (cm) 0.238 0.027
*Spearman rank correlation coefficients (r)), **p<0.05 is with statistical significance
Table 4. Relationship between anthropometric measurements and serum levels of IL-5
Cytokines and anthropometric measurements r. p-value**
IL-5 (pg/ml) 0.245 0.025
BMI (kg/m?) 0.245 0.025
Waist circumference (cm) 0.086 0.439

*Spearman rank correlation coefficients (ry), **p<0.05 is with statistical significance

DISCUSSION

We found that the serum levels of Th2 cytokines
IL-4 and IL-5 were significantly higher in patients
with DM2 than in healthy controls without DM2
with BMI of 18 - 24.9 kg/m?. These data are in
concordance with the data reported by other research-
ers. Anand G et al. also found high serum levels of
the Th2 cytokines IL-4 and IL-13 in patients with

stimulate the synthesis of IgE antibodies. The main
sources of IL-4 are Th2 lymphocytes, mast cells,
eosinophils, basophils and NK cells.”!? Adipocytes
are also a source of Th2 cytokines, IL-13 and, to
a lesser extent, IL-4.!3 Besides the role it plays in
IgE-mediated inflammation, IL-4 is involved in the
metabolic control by improving insulin sensitivity
and glucose tolerance.!'* The pathophysiological and
immunological mechanisms that lead to increased
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serum levels of IL-4 and participation in DM2,
metabolic control and insulin resistance are still a
mystery. We found a positive correlation between
serum levels of IL-4 with BMI and IL-4 in waist
circumference. In previous studies we found that
BMI positively correlated with waist circumference
(data not shown). The increase in adipose tissue
with the development of low-grade inflammation
and the production of a wide range of adipokines
associated with obesity, insulin resistance and DM2
is quite likely to affect the immune response by
stimulating the release of Th2 cytokines. El-Wakkad
A et al. found a positive correlation between serum
levels of IL-4 with BMI and the waist-to-hip ratio
in female adolescents.!> In addition, they observed
a positive correlation between serum levels of key
adipokines leptin and IL-4. The relationship between
leptin and Th2 cytokines is not fully understood.
Increased circulating levels of leptin are a marker of
leptin resistance.'® Literature data show that leptin
resistance in obesity may alter the polarization of
the immune response to Th2.!” On the other hand,
some studies have observed a positive correlation
between serum IL-4 and plasma glucose.!® In our
study a correlation between HbA1c and serum IL-4
was not observed.

IL-5 is another Th2 cytokine with a key role in
allergic inflammation. IL-5 is a primary activator
of eosinophils and a chemoattractant.!” We found
that serum levels of IL-5 were higher in patients
with DM2 compared to the control group. Lucas R
et al. observed significantly higher levels of IL-5
in plasma in patients with pre-diabetes.? On the
one hand, Ahmad R et al.?! have demonstrated that
patients with DM2 and obesity have significantly
higher levels of IL-5, as compared to patients with
DM2, overweight and BMI of 18-25 kg/cm?. They
found a correlation between IL-5 and BMI.?! We also
found a positive correlation between serum levels
of IL-5 with BMI. On the other hand, Ahmad R et
al. found a positive correlation between IL-5 and
HbA1c% in patients with DM2.2! We did not find
any correlation between IL-5 and HbAlc.

IgE Abs play a key role in IgE-mediated hyper-
sensitivity reactions. IgE antibodies bind to the Fc
region of the molecule with Fc-receptors located
on the surface of cells involved in IgE-mediated
allergic immune response. Fixing the allergen with
two adjacent molecules of IgE associated with mast
cells is a trigger of an allergic reaction.”> Wang Z
et al. observed that the serum levels of IgE were
significantly higher in patients with diabetes and

pre-diabetes in comparison with normal glycemic
persons.?*>* We have found no significant difference
in the present study in the serum levels of total
IgE between patients with DM2 compared to the
control group. We have found a correlation between
serum IgE levels and HbAlc. Heshmatolah P et al.
associated the higher serum levels of IgE antibodies
in patients with DM2 with the HbAlc and blood
glucose concentration.”> Wang Z et al. have also
established the association between serum levels
of IgE antibodies with glucose status.?

Metabolic factors influencing the immunologi-
cal components of IgE-mediated inflammation in
patients with DM2 are quite different.?3->° Obesity
is the main link between DM2 and IgE-mediated
allergic inflammation.*?

CONCLUSION

With the increase of BMI and waist circumference
there are changes of cytokine profile towards Th2
phenotype shifting. On the other hand poor gly-
cemic control presumably leads to increased IgE
antibodies. All these changes in the immunological
components of IgE-mediated inflammation may
reduce the immune tolerance to allergens. Further
studies are needed to determine the risk of IgE-
mediated allergic diseases in patients with DM2 in
association with obesity.

ACKNOWLEDGEMENTS

We would like to thank the Medical University
in Plovdiv for providing the financial support for
research project HO-20/2014.

REFERENCES

1. American Diabetes Association. Diagnosis and
classification of diabetes mellitus. Diabetes Care
2009;32(1):62-7.

2. Wild S, Roglic G, Green A, et al. Global prevalence
of diabetes: estimates for the year 2000 and projec-
tions for 2030. Diabetes Care 2004;27(5):1047-53.

3. Dixon AE, Holguin F, Sood A, et al. American
Thoracic Society Ad Hoc Subcommittee on Obesity
and Lung Disease. An official American Thoracic
Society Workshop report: obesity and asthma. Proc
Am Thorac Soc 2010;7(5):325-35.

4. Chen Y, Rennie D, Cormier Y, et al. Association
between obesity and atopy in adults. Int Arch Allergy
Immunol 2010;153(4):372-7.

5. Luo X, Xiang J, Dong X, et al. Association between
obesity and atopic disorders in Chinese adults: an
individually matched case-control study. BMC
Public Health 2013;13:12.

162

Folia Medica 12017 I Vol. 59 | No. 2
Unauthenticated

Download Date | 7/13/17 3:11 PM



10.

11.

12.

13.

14.

15.

16.

Association between Type 2 Diabetes, Obesity and IgE-mediated Inflammation

Hersoug LG, Linneberg A. The link between the
epidemics of obesity and allergic diseases: does
obesity induce decreased immune tolerance? Allergy
2007;62(10):1205-13.

Anand G, Vasanthakumar R, Mohan V, et al. In-
creased IL-12 and decreased IL-33 serum levels
are associated with increased Th1l and suppressed
Th2 cytokine profile in patients with diabetic ne-
phropathy (CURES-134). Int J Clin Exp Pathol
2014;7(11):8008-15.

Dezayee ZM. Interleukin-18 can predict pre-clinical
atherosclerosis and poor glycemic control in type
2 diabetes mellitus. Int J Appl Basic Med Res
2011;1(2):109-12.

Sokol CL, Barton GM, Farr AG, et al. A mechanism
for the initiation of allergen-induced T helper type 2
responses. Nat Immunol 2008;9(3):310-8.

Hershey GK, Friedrich MF, Esswein LA, et al. The
association of atopy with a gain-of-function mutation
in the alpha subunit of the interleukin-4 receptor. N
Engl J Med 1997;337(24):1720-5.

Dimitrov V. Allergic diseases - principles, diagnosis
and treatment. Sofia: ARSO; 2000.

van Panhuys N, Prout M, Forbes E, et al. Basophils
are the major producers of IL-4 during primary hel-
minth infection. J Immunol 2011;186 (5):2719-28.

Kang K, Reilly SM, Karabacak V, et al. Adipocyte-
derived Th2 cytokines and myeloid PPARdelta regu-
late macrophage polarization and insulin sensitivity.
Cell Metab 2008;7(6):485-95.

Chang YH, Ho KT, Lu SH, et al. Regulation of
glucose/lipid metabolism and insulin sensitivity by
interleukin-4. Int J Obes (London) 2012;36:993-8.

El-Wakkad A, Hassan Nel-M, Sibaii H, et al. Pro-
inflammatory, anti-inflammatory cytokines and
adipokines in students with central obesity. Cytokine
2013;61(2):682-7.

Martin SS, Qasim A, Reilly MP. Leptin resistance: a

17.

18.

19.

20.

21.

22.

23.

24.

25.

possible interface of inflammation and metabolism
in obesity-related cardiovascular disease. ] Am Coll
Cardiol 2008;52(15):1201-10.

Diaz BB, Rodriguez IM, Gonzéalez DA, et al. An
overview of leptin and the Th1/Th2 balance. Open
Journal of Immunology 2014;04(02):42-50.
Surendar J, Mohan V, Rao MM, et al. Increased
levels of both Thl and Th2 cytokines in subjects
with metabolic syndrome (CURES-103). Diabetes
Technol Ther 2011;13(4):477-82.

Venge J, Lampinen M, Hakansson L, et al. Identifica-
tion of IL-5 and RANTES as the major eosinophil
chemoattractants in the asthmatic lung. J Allergy
Clin Immunol 1996;97(5):1110-5.

Lucas R, Parikh SJ, Sridhar S, et al. Cytokine
profiling of young overweight and obese female
African American adults with prediabetes. Cytokine
2013;64(1):310-5.

Ahmad R, Al-Roub A, Koshy M, et al. Relationship
of II-5 with Thl and Th2 cytokines in individuals
with or without type-2 diabetes. J Glycomics Lipi-
domics 2015;5:134.

Kerekov N, Michova A, Muhtarova M, et al. Sup-
pression of allergen-specific B lymphocytes by
chimeric protein-engineered antibodies. Immuno-
biology 2014;219(1):45-52.

Wang Z, Zhang H, Shen XH, et al. Immunoglobulin
E and mast cell proteases are potential risk factors
of human pre-diabetes and diabetes mellitus. PLoS
One 2011;6(12):e28962.

Wang Z, Zhang H, Shen XH, et al. Immunoglobulin
E and mast cell proteases are potential risk factors
of impaired fasting glucose and impaired glucose
tolerance in humans. Ann Med 2013;45(3):220-9.
Heshmatolah P, Gholamreza F, Alireza Z, et al. Se-
rum immunoglobulin E is associated with glycated
hemoglobin in human with diabetic mellitus. J Bio
Env Sci 2012;2(9):80-5.

Folia Medical 2017 I Vol. 59 | No. 2

163
Unauthenticated

Download Date | 7/13/17 3:11 PM

Folia Medica



Folia Medica

R. Sokolova et al

CBA3b mexpay AnabeTom 2 TUna, OXKUPEHMEM M KIIOYEBbIMA MMMYHO-
NOrnMyecKkMmMny KOMMOHEHTaMU MMMYHornobynuH E - onocpepoBaHHoOro

BOcCnaJsieHnA

Paguua H. Cokonoga', PymsHa K. flHkoBa', LiseTtaHa W. A6agxuesa', TataHa A. Monosa?3,
Mapusa B. UBaHoBcka?3, MapuaHa A. MypaxeBa®3, Mapua M. Op6euoBa?,
Ceetnan M. lepmeHgxues’, Mapus B. Masnosa*

T Kadenpa nepmatonoruv v seHeponoruv, akynsteT MeanuuHbl, MeauumuHcknin yHusepcutet - Mnosawvs, Mnosavs, bonrapus
2 Kadenpa Mukpobrionorim n ummyHonorum, Qakynbret papmaumnu, MeguumuHckini yHuesepcntet - Mnosaus, Mnosaws, Bonra-

puA

3 Cekumn MMMYyHosIornyeckon oueHkm MTCP, TexHonornyecknin LeHTp HeoTNoXHoM meauuunHbl (TUHM), MNMnoegwue, bonrapusa
4 Bropas kadefpa BHyTpeHHUX 6onesHeir, Cekuua sHAoKpuHonorum, GakynbTeT MeauLviHbl, MeauLVHCKIG yHUBEPCUTET -

Mnospws, MNnosgue, bonrapua

> Bropas kadefpa BHyTpeHHUX 6onesHei, Cekuma NpodeccroHasbHbIX 3a6oneBaHni 1 TOKCUKONorumn, MeanunHCKIi yHuBep-
curteT - [nosawus, MNnosaus, bonrapua

Appec ans KoppecnoHgeHu{uun:
Paguua H. Cokonosa, Kadegpa
LEPMaTONOrMN 1 BEHEPONOTUN,
MakynbTeT MegMuUMHbI,
MeauunHcknin yHnBepcmuTerT -
Mnospaws, 6yn.,Bacun Anpunos”
15A, 4002 MNnoepwe, bonrapwusa
E-mail: radica.sokolova@gmail.
com

Ten: +359 897053088

[ata nonyuenus: 20 niona 2016
Oata npnemku: 11 oktA6pAa 2016
[aTa oHnaiiH ny6nukayum: 31
AHBapA 2017

[aTa ny6nukaumm: 27 nioHs
2017

KnioueBble cnoBa: gnabet 2
T1na, Th2 UMTOKNHBI

O6pasey unTupoBaHusa: Soko-
lova RN, Yankova RK, Abadjieva Tl,
Popova TA, Ivanovska MV, Murd-
jeva MA, Orbetzova MM, Dermen-
dzhiev SM, Pavlova MV. Associa-
tion between type 2 diabetes,
obesity and key immunological
components of IgE-mediated
inflammation.

Folia Medica 2017; 59(2):159-164.
doi: 10.1515/folmed-2017-0021

BBepgeHue: V3meHeHVs B 06pase XKU3HW 1 OXUPeHne 3a nocjefHue aecatue-
TVA BbI3BaIM PE3KUIA POCT 3aboneBaeMoCTy caxapHbiM gubetom 2 Tuna (CA2) n
annepruyecknx 3abonesaHnin. KnuHuyeckne n snugemmnonornyeckme ncciego-
BaHVA YCTAHABMBAIOT CBA3b MEXAY OXUPEHVEM 1 SMUAEeMUen annepruyeckmx
3aboneBaHuii. CBaAsb mexay oxupeHnem n CLl 2 ¢ UIMMYHONOrMYECKUMIN KOMMO-
HeHTamu IgE-onocpenoBaHHOMO anieprmyeckoro BocnaneHms He aAsnseTcsa bec-
CMOPHO YCTaHOBEHHOWA.

Lle]'lb: Llenbto gaHHoM pa6OTbI ABNANOCb nccnegoBaHune Kn4YyeBbiX UMMYHOO-
rMmyeckmnx KOMNOHEHTOB IgE — onocpenoBaHHOro ayieprmyeckoro socnaneHna 'y
naumeHToB ¢ C/] 2 1 nx B3anMOCBA3b C IMUKEMUYECKIM KOHTPONEM 1N aHTpPOMoOMe-
TPUYECKMN NOKa3aTeIAMN.

Marepuanbl n metogpi: [aTbgecAT nATb nauyneHToB ¢ C[ 2 1 32 30pOBbIX yyacT-
HUKA B KQYeCcTBe KOHTPOJIbHOWM rpynmbl C HOPMaJibHbIM BECOM U UHOEKCOM Tefle-
cHol Maccbl (MTM) 18-24.9 Kr/mM2 NpuHANN yyacTune B ucciegoBaHnn. Th2-4mutoku-
HOBbI NPOGUIIb (CbIBOPOTOUHbIE YPOBHM UHTepnelknHa (IL-4) n nHTepnenknHa
5 (IL-5), nrp/mn) 1 obwuin ceiBopoToYuHbIi IgE [U/ml 6bin ycTaHOBMEHDBI NpU MO-
mowm ELISA y Bcex maumeHToB nccriefoBaHus. Y nayueHToB ¢ CJ1 2 Takxe 6binim
N3MepeHbl YPOBHM MMKO3UIMPOBaHHOro remornobuHa (HbA1c%) B kposu.

Pesynbrartbi: CbiBOPOTOUHbIE YPOBHMU IL-4 1 IL-5 oKa3anu3b B 3HaUNTENbHOM CTe-
neHun 6onee BbICOKMMU Y NnaumeHToB ¢ C/l 2 No CpaBHEHNWIO C KOHTPOJIbHOW rpyr-
nou. CbiIBOPOTOYHble YPOBHMU IL-4 n IL-5 KoppennpytoT nonoxutenbHo ¢ UTM, Kak
1 CbIBOPOTOYUHbIE YPOBHU IL-4 C OKpY>KHOCTbIO Tanuu. O6LWUin CbiIBOPOTOUHBIN IgE
KoppenupyeT nonoxutenbHo ¢ HbA1c.

3akntoueHmne: OXrpeHne n HeyaoBNETBOPUTENbHbIN MMNKEMUYECKNN KOHTPOSb
y nauueHTtoB ¢ C[l 2 3aTparvBaioT KjtoueBble MMMYHOJIOrMYeCKMEe KOMMOHEHTbI
IgE-onocpenoBaHHOrO annepruyeckoro BOCNnaneHus 1 no-BMaNMoOMy NpuBoaAT K
N3MEHEHM0 IMMYHHOIO OTBETA Ha ajfiepreHbl Y aHTUMEHbI.
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