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Diyabetin Immiin Yanita Etkisi

 Notrofil fonksiyonunda bozulma
* Humoral immiin yanit bozukluklari

* T hiicre yanitinda azalma



Diyabetik Ayakta Dogal Immiin Yanit

* Kemotaksiste azalma

e Fagositozta bozukluk

e Bakterileri 6ldirme 6zelliginin zayiflamasi
* Bakteriyel klirenste azalma



Notrofil Fonksiyonlarinda Bozulma -

* Notrofil disfonksiyonunda en 6nemli faktor hiperglisemi

ileri glikolizasyon son uriinleri endotel hiicreleri, diiz kas
hicreleri ve mononukleer fagositler tzerindeki reseptorlerle
etkilesir ve notrofil fonksiyonlari ile de interfere olabilir

* Nétrofil kemotaksisi [
* Fagositoz ﬂ
* Mikrobisidal aktivite ﬂ

Infeksiyonlara duyarlilik

Da ha agl r Infe kSIYOn Seyrl Koh GC, Peacock SJ, van der Poll T, Wiersinga WJ. The impact of diabetes on the pathogenesis of

sepsis. Eur. J. Clin. Microbiol. Infect. Dis.31(4), 379-388(2012).



Notrofil
Kemotaksisi

Notrofillerin kimyasal inflamatuar stimuluslara yanit olarak olay bolgesine goctidiir.
* Kullanilan tekniklere gore yapilan ¢alismalarda farkli sonug¢lar bulunmaktadir.

 Subagaroz teknik kullanilarak yapilan ¢calismalarda kemotaksiste defekt oldugu
gosterilmaistir.

» Hastaligin ileri evresinde dolasim sorunu nedeni ile de nétrofillerin olay yerine
ulasmas1 azalir.

Delamaire M, et al. Impaired leucocyte functions in diabetic patients. Diabet Med. 1997;14:29-34



Bakteriyel Infeksiyonlarda Lokosit Gogii
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Lokosit Gogtl ve Increased Recruitment but Impaired Function of
Fagositoz Leukocytes during Inflammation in Mouse Models of

Type 1 and Type 2 Diabetes

Ulrika Sofia Pettersson, Gustaf Christoffersson, Sara Massena, David Ahl, Leif Jansson, Johanna
Henriksnas, Mia Phillipson*

Department of Medical Cell Biology, Uppsala University, Uppsala, Sweden

Abstract

Background: Patients suffering from diabetes show defective bacterial clearance. This study investigates the effects of

elevated plasma glucose levels during diabetes on leukocyte recruitment and function in established models of
inflammation.

Alloxan ve diyetle induklenen fare diyabet modelinde ¢alisma

Stimiile edilmeden 16kosit gocilinde artis

Akut indiiklenen hiperglisemi go¢ eden veya adere olan 16kosit sayisinda artisa yol agmamis
Lokosit gocii yeterli

Lokositlerin fagositik aktivitesinde %50 azalma

Bakteri klirensinde azalma

Pettersson US, Christoffersson G, Massena S, Ahl D, Jansson L, et al. (2011) Increased Recruitment but Impaired Function of Leukocytes
duringInflammation in Mouse Models of Type 1 and Type 2 Diabetes. PLoS ONE 6(7): €22480. doi:10.1371/journal.pone.0022480



Notrofil adezyonu

Notrofil adezyonunda artis? Adezyonda azalma?
 Diyabetik nétrofillerde integrinlerde artis; CD11b , CD11c
 Diyabetiklerde endotelde adezyon molekiillerinde artis

» Glukoz tek basina endotel hiicrelerinde ICAM-1 ekspresyonunu artiriyor
* Ozmotik etki?

* Diyabetli hastalarda endotel hiicre aktivasyon belirteclerinde artis var;
 plazma E-selektin, solubl fms-benzeri tirozin kinaz 1 gibi

Lokosit fonksiyon bozuklugunu agiklayacak bir mekanizma da inflamasyon
sirasinda lokosit gocuinl reglile eden adezyon molekiillerinde azalma olmasi.
Kontrollere gore daha az I6kositin perivaskiler dokuda bulunmasi.

insilin ile bu yanit diizelebilir.

Altannavch TS, et al. Effect of high glucose concentrations on expression of ELAM-1, VCAM-1 and ICAM-1 in HUVEC with and without cytokine activation. Physiol Res. 2004;53:77
Schuetz P, et al. Influence of diabetes on endothelial cell response during sepsis. Diabetologia. 2011;54:996—-1003.]



Fagositoz defektleri

* Bircok calismada fagositoz defekti bildirilmistir
 Or: Streptococcus pneumoniae, S. aureus fagositozunda yetersizlik
* Or: Candida guilliermondii fagositozunda yetersizlik

e Notrofil fonksiyon bozuklugu?
e Opsonizasyonda sorun ?

Davidson NJ, et al. Defective phagocytosis in insulin controlled diabetics: evidence for a reaction
between glucose and opsonising proteins. J Clin Pathol. 1984;37:783-786.



Notrofil oldiirme
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Hiicre ici oldiirme: Superoksit anyonlar ve oksijen derivatifleri :

Interacti il
NET formation & NETos|

Lizozomal enzimde, reaktif oksijen tiirlerinde azalma

Thea Lu et alFront. Immunol. 2012
e Kiiltiir bazli ve kemiliimiinesan yontemlerde diyabetik hastalarda

Staphylococcus aureus, Streptococcus pneumoniae ve Candida albicans’: hiicre i¢i
oldiirme fonksiyonunda defekt ( hiicre orijinli)

 Glisemi kontrolii ile diizelme (Glukoz seviyeleri ile korelasyon)
Hiicre dis1 oldiirme (notrofil ekstraseliiler trap;NET olusturarak)
Diyabetik ketoasidozda B-hydroxybutyrate NET formasyonunu engeller

Daoud AK, et al Effects of diabetes mellitus vs. in vitro hyperglycemia on select immune cell functions. J
Immunotoxicol. 2009;6:36-41.

Grinberg N, et al. B-Hydroxybutyrate abrogates formation of bovine neutrophil extracellular traps and bactericidal
activity against mammary pathogenic Escherichia coli. Infect Immun. 2008;76:2802—2807



Hiperglisemi:

* Glukoz-6 fosfat dehidrogenazi inhibe eder

* Polimorfontkleer lokosit apopitozunu artirir

* Endotelden polimorfonukleer |6kosit migrasyonunu azaltir

* Boylece antimikrobiyal fonksiyonu bloklar.

Hiperglisemi 2200 mg/dl olmasi notrofil aktivitesinde azalma
ile iliskili

Kawahito S, et al.Problems associated with glucose toxicity:role of hyperglycemia-induced oxidativestress.
World J. Gastroenterol. 2009; 15(33): 4137-42 (



Monosit Fonksiyonlarina Etkisi

« Kemotaksis ve fagositoz defekti
* Endotel adezyonu artmis

e Hiicre i¢i oldiirme artmis

 Diyabetli hastalarda LPS stimiilasyonu sonras1 monositlerden salinan TNF-a’da
kontrollere gore degisim yok ama IL-6 daha yiiksek

Nandy D, et al. Effect of hyperglycemia on human monocyte activation. J Investig Med. 2011;59:661-667

Foss-Freitas MC, et al. In vitro TNF-alpha and IL-6 production by adherent peripheral blood mononuclear cells
obtained from type 1 and type 2 diabetic patients evaluated according to the metabolic control. Ann N Y Acad Sci.
2006;1079:177-180



Lenfositler Uzerine EtKisi S @
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Asidotik hastalarda mitojen ve bakteri antijenlerine yanitta azalma
 Asidozun diizelmesi ile diizelme

Son yillardaki ¢alismalarda tedavi edilmis hastalarda da yetersiz proliferatif T hiicre
yaniti

Diyabetik hiicrelerde CD52 ekspresyonu fazla ki immiin sistemin baskilanmasi
T lenfosit apopitozunda artis.

Th 1 hiicre, kemokin reseptorleri ve sitokinlerin azalmasi

CD4/CD8 oraninda azalma

Uzun siireli hiperglisemide DTH reaksiyonunda azalma, anerji

HbA1C<8 ise T lenfosit fonksiyonlari etkilenmeyebilir

Spatz M et al. Impaired primary immune response in type-1 diabetes. Functional impairment at the level of APCs and T-cells. Cell Immunol. 2003;221:15-26.



IgG IgA (dimer) IgM (pentamer) IgD IgE

Humoral Defektler

» Serumda opsonizasyon 6zelligi azalmis sy Fagositozu etkiliyor

« Kontrolsuz diyabetlilerde total 1gG, IgA miktarinda azalma ve HbAlc ile
korelasyonu

 HbAlc’de artisla korele olarak immunglobulin glikasyonu olur bu da
fonksiyonlarini etkileyebilir

Liberatore RDR et al. Is immunity in diabetic patients influencing the susceptibility to infections? Immunoglobulins,
complement and phagocytic function in children and adolescents with type 1 diabetes mellitus. Pediatr Diabetes.
2005;6:206-212

Koh GCKW, Peacock SJ, van der Poll T, Wiersinga WJ. The impact of diabetes on the pathogenesis of sepsis.
European Journal of Clin Microbiol Infect Dis. 2012;31(4):379-388.



Immune Response of Hepatitis B Vaccine
Among Persons With Diabetes

A systematic review of the literature

n N 1 B
Saran F. ScHILLE, Mp™ among persons with diabetes show some

Privie R. SprabLinG, Mp™ heterogeneity compared with adults without

IrupY V. MURPHY, MD diabetes. Differences in diabetes type, man-

agement. and glvcemic control. as well as

Seroprotection proportions ranged from 31.3-100.0% (median, 73.4%) among persons with diabetes and 35.2—-
100.0% (median, 87.1%) for those without diabetes. The proportion protected was generally greatest among
children, ranging from 54.2—-100.0% (median, 93.9%) among children with diabetes and 98.0-100.0% (median
100.0%) among those without diabetes. Among adults, seroprotection proportions ranged from 31.3-94.4%
(median, 88.2%) for those with diabetes compared with 35.2-96.9% (median, 93.6%) for those without diabetes.
Seroprotection proportions were lowest for hemodialysis/chronic kidney disease patients, ranging from 41.8—
85.3% (median, 60.1%) for those with diabetes and 61.8-87.5% (median, 75.1%) for those without diabetes

Seroprotection proportions among subjects with diabetes were generally lower when vaccine was
administered on a 0-, 1-, and 2-month schedule (not approved in the U.S.) and greater when vaccine was
administered on a 0-, 1-, 2-, and 12-month schedule (U.S.-approved alternative schedule) compared with the
standard 0-, 1-, and 6-month schedule

Dolasimda Th hicrelerinin azalmasi,
CD4-CDS8 lenfosit orani,

Cocuklarda koruma yeterli Antijen sunumunda defektler
lleri yas eriskinlerde ve hemodiyaliz hastalarinda dusuk DR3, DR7, DQ2 HLA allellerin varlig.

Asi aralarinda acilma, gerekirse ek doz

DiaserEs CARE, voLUME 35, DEcevseR 2012
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Is there any difference in tetanus IgG levels of diabetic patients
with respect to the presence of foot ulcers?

Fatih TEKIN"*, Mehmet SURMELI’, Zeynep CIZMECI’, Ozlem TEKIN’,
Ergin ISIK", Omer Faruk TANER', Derun Taner ERTUGRUL’

Results: For diabetic patients without foot ulcers, 17 of 30 (56.6%) patients were found to have nonprotective TIG
levels whereas fordiabetic patients with foot ulcers, 28 of 30 (93.3%) patients were found to have nonprotective
TIG levels. The mean value of TIG for

diabetic patients without foot ulcers was 0.345 + 0.281 |IU/mL and for diabetic patients with foot ulcers the mean
TIG value was 0.055+ 0.033 IU/mL. Statistically significant differences were observed in TIG (P = 0.008), total
protein (P < 0.001), aloumin (P < 0.001), and CRP levels (P < 0.001) between the two groups.

Conclusion: The majority of the diabetic patients had low TIG levels and they were significantly lower in diabetic
patients with ulcers.

A booster dose of tetanus vaccine should be considered for diabetic patients with and without diabetic foot ulcers
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Antibody Responses to Immunizations in Children with Type I
Diabetes Mellitus: a Case-Control Study

Michael Eisenhut, Alexander Chesover, Ronald Misquith, Nisha Nathwani, Andrew Walters
Luton & Dunstable University Hospital, NHS Foundation Trust, Luton, United Kingdom

Type I diabetes mellitus (DM) has been associated with abnormalities of T cells. Our objective was to assess whether antibody
responses to T-cell-dependent and -independent antigens in children with DM are lower than those of children without DM. We
performed a case-control study matching children with DM to children without DM by age and by assessing antibody levels to
pneumococcal serotypes, Haemophilus influenzae, and tetanus and diphtheria toxoids and reassessing antibody levels in pa-
tients with antibody levels below protective thresholds after booster immunization. We recruited 36 children with DM and 36
age-matched controls. The mean age was 10 years. There was no difference between groups in antibody levels against the anti-
gens tested. Pneumococcal antibody levels below the protective threshold were found in 35.9% of DM patients after conjugate
pneumococcal vaccination with no difference between groups. Booster immunization with unconjugated pneumococcal vaccine
resulted in a median level against pneumococcal serotypes of 2.3 pg/ml (range, 0.05 to 664.7 pg/ml) in children with DM and 6.1
prg/ml (0.12 to 203.36 pg/ml) in children without DM (P = 0.013). Over 85% of children had levels above the protective thresh-
old after booster immunization with no difference between groups. There was no evidence for a reduced antibody response to
T-cell-dependent antigens given during childhood immunizations in children with DM. There was a reduced antibody response
to antigens of pneumococcal strains in children with DM given unconjugated pneumococcal polysaccharide vaccine compared
to that of children without DM without being associated with a difference in percentage of antibody levels below the protective
threshold between groups.
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T hiicre aracili antijen yanitinda fark yok
Pnomokok polisakkarit as1 yanitinda azalma




Grip Asilari

e Ileri yas hastalarda yas grubu ile karsilastirmada benzer yanit elde edilmis
 Hiperglisemi ve metabolik parametreler as1 yanitini etkileyebilir

* Grip asis1 yapilmalidir.

McElhaney Janet E., et al. “Predictors of the antibody response to influenza vaccination in older adults with type 2 diabetes.” BMJ Open Diabetes
Research & Care 3.1 (October 13, 2015): e000140.



e complement system is a major arm of innate and adaptive immunity

Kompleman Bozukluklari

 Tip 1 diyabet patogenezinde kalitsal C4 yetersizligi
* Tip 2 diyabetlilerde C3, C5 ve C8’te yukselme
« Kompleman aktivasyonunda glikaze immunoglobulinler rol alabilir

 Diyabetik hastalarda glukoz kompleman 3’iin tioester bagini atake eder ve bakteri
ylizeyine tutunmasini engeller

» Bazi calismalarda C4 azalmasi gosterilse de daha ¢ok sitokin yanitinda azalma ve
notrofil disfonksiyonu ile ilgili oldugu diisiiniiliiyor

Flyvbjerg A. Diabetic angiopathy, the complement system and the tumor necrosis factor
superfamily. Nat Rev Endocrinol. 2010;6:94-101



Natural Killer Cells From Children With Type 1 Diabetes
Have Defects in NKG2D-Dependent Function
and Signaling

Huilian Qin,1 I-Fang Lee,1 Constadina Panagiotopuulos,g Xiaoxia Wang,l Alvina D. Chu,"3 Paul J. Utz,3
John .J. Priatel,l and Rusung Tan'

NK hiicre sayis1 daha az
IL-2 ve IL-15 sitokinlerine yanit az
Sitotoksisitede azalma

Interferon-y sekresyonunda azalma

Qin H, et al. Natural Killer Cells From Children With Type 1
Diabetes Have Defects in NKG2D-Dependent Function and
Signaling. Diabetes. 2011;60(3):857-866.



Diyabet ve Inflamasyon

Inflamasyonda bircok yonde bozulma var

* Histamin, bradikinin gibi inflamatuar mediyatorlere mikrovaskuler yanitta azalma
* Protein sizintisi ve 6demde azalma

* Mast hiicre degranulasyonunda azalma Bunlar da infeksiyonlara duyarlilik ve

* Lokosit endotel-etkilesiminde bozulma infeksiyonun agir seyretmesine yol agar.
* inflamatuar lezyonlarda I8kosit sayisinin azalmasi

e Solunum yolunda antijenle karsilasmada inflamatuar yanitin azalmasi

» Superoksit Uretiminde azalma

* Lipopolisakkaritlere temas etmesi sonucu I6kositlerden TNF-a, interlokin-18 ve prostoglandin
E2’nin sentezinde azalma

* Notrofillerde arasidonik asitin azalmasi
* Lenf nodunun retansiyon kapasitesinde azalma

Alba-Loureiro et al.Brazilian Journal of Medical and Biological Research (2007) 40: 1037-1044



[nflamatuar Sitokinler

Diyabetik hastalarda lipopolisakkaritlerle stimiilasyon sonras1 mononiikleer hiicre ve
monositler daha az IL-1 ve IL-6 iiretir

Nedenleri
 Diyabetli hastalarda hiicrelerinde intrinsik defektler

 Glikasyonda artisin miyeloid hiicrelerden IL-10, T hiicrelerinden IFN-y ve TNF-a
tiretimini inhibe etmesi

» Glikasyon myeloid hiicrelerde smif bir MHC ekspresyonunu da azaltir, T hiicre
yanitini bozar



Insiilin

« Anti-inflamatuar
* Anti-koagiilan
» Antiapopitotik 6zellikte

* Proinflamatuar sitokinlerde azalma
o Antiinflamatuar sitokinlerde artma
e Th2-tip yanita kayma.

Viardot A et al.insulin via the preferential polarization ofeffector T cells toward a T helper 2 phenotype. Endocrinology 2007, 148(1), 346-53



Diyabetik Ayakta Infeksiyonlara Yatkilik

* Genetik yatkinlik

e [okal faktorler

e Kan akiminda azalma

e Sinir hasari

* Metabolizma degisimi
 Immun yanitta defektler

Mycobacterium tuberculosis

MRSA

Streptococcus pneumoniae,

Pseudomonas aeruginosa, Acinetobacter baumannii



Diyabette Infeksiyonlarin Patofizyolojisi
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' Legenda:

GIT: Gastrointestinal tract

l N FECT'O NS PMN: Polymorphonuclear Leukocyte

Casqueiro, et al. Infections and diabetesIindian J Endocrinol Metabol. 2012;16.



Diyabetik Ayak Infeksiyonlarinda Antibiyotik Direnci Nedenleri

Immunokompromize durum

Sik antibiyotik kullanimi



Antibiyotik Direnci

* Genel antibiyotik tuketimi

* Bireyin daha 6nce antibiyotik kullanimi ile ilgili



Diyabet, Infeksiyon, Antibiyotik Kullanim , Direng Iliskisi

Medscape

ource: Expert Rev Anti Infect Ther © 2013 Expert Reviews Ltd



Diyabet ve Infeksiyon Iliskisi

 Diyabetli hastalar immunokompromize

e Infeksiyonlarin insidansinda artis

* Hastaneye yatista artis

* Enfeksiyon nedeni ile yogun bakima yatista artis

* Baz1 enfeksiyonlara yatkinlik

Gerontology 2013;59:99-104



* Diyabetik hastalarda daha sik infeksiyon= Daha fazla antibiyotige
maruz kalma

* Infeksiyona immun yanitin yetersizligi
e Daha ¢cok mikroorganizma
* Daha uzun sire antibiyotik kullanimi

* Daha fazla hastaneye yatis, daha direncli mikroorganizmalar

* Antibiyotik farmakokinetiginde bozulma

 Periferik vaskuler hastaligin varligi nedeni ile diyabetik ayaklarda infekte
dokuya antibiyotik gecisinin iyi olmamasi
e Suboptimal doz

Lyudmila Boyanova & lvan Mitov (2013) Antibiotic resistance rates incausative agents of infections in diabetic patients: rising concerns, Expert
Review of Antiinfective Therapy, 11:4, 411-420,
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