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Abstract 

 

Gestational diabetes mellitus (GDM) is a  pregnancy complexity and characterized by a pro-

inflammatory immune system response and  systemic inflammation with insulin resistance . 

Because physiological alterations during normal pregnancy are characterized by a live immune 

response and insulin resistance, it may be owing to improper adaptation of the maternal 

immune system of GDM. For this reason, studies have focused on investigating the response 

of T helper cells, in either normal and complex pregnancy. Many of the current studies have 

investigated relevant alterations in the level of cytokines  in the circulation  that reflect T helper 

cell I (Th1) and Th cell 2 (Th2). It is also suggested that different T-cell subsets play a status 

in regulating the immune response in pregnancy complexities. In particular, these different T 

cell subsets play a status in various pregnancy complexities. This review provides links among 

gestational diabetes and T cell subsets in the light of guidelines and literature. 
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Introduction 

 
Diabetes Mellitus (DM) is a metabolic 

disease characterized by chronic 

hyperglycemia. Chronic hyperglycemia 

leads to disorders in carbohydrate, fat  and 

protein metabolism, which happens owing 

to insulin release, insulin effect, or either of 

these factors (1). 
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According to the etiological sorting of 

diabetes advised by ADA (American 

Diabetes Association), diabetes types are 

seperated into  4 groups. These are Type 1 

DM, Type 2 DM, GDM and different 

specific types. 90-95% of all diabetics 

constitute type 2 diabetics approximately. 

GDM is a pregnancy complexity and it is 

identified in the second or third trimester of 

pregnancy. In this period, it is characterized 

by low-grade systemic inflammation with 

insulin resistance and a pro-inflammatory 

immune system response that was not 

apparent before pregnancy (2). While the 

prevalence of gestational diabetes is seen 

among 1% and 14% of pregnancies 

worldwide (3), seen that the prevalence of 

GDM varies among 2.6 and 27.9% 

according to the results of the studies 

conducted in our country (4). The rise in the 

prevalence of GDM is in all likelihood to 

continue because obesity is rising in women 

all over the world (5,6). 

 

GDM and T2DM Relationship 

 

When comparing to women without GDM 

in the long term  with women with GDM,   

the potential  of being T2DM is 7.4 times 

higher in women with GDM (7). Insulin 

resistance, impaired glucose tolerance and 

cardiovascular disease are  the  potential 

risk factors for T2DM and this 

considirations enhance in children who are 

exposed to hyperglycemia in the womb. (8). 

It is suggested that about half  of GDM will 

form T2DM in 10 years (9). In the later 

stages of life, the risk of cardiovascular 

morbidity enhances (10). In maternal 

glucose metabolism, remarkable alterations 

take place during pregnancy. Insulin 

sensitivity characteristically diminishes in 

late pregnancy (11).These alterations take 

place  against the frame of the 

pregestational metabolic state (12). GDM 

and T2DM appear to have many 

widespread  risk factors and they have  

similar pathophysiology. Either are 

associated with a high body mass index 

(BMI) and a history of anormally glucose 

tolerance. The most prominent feature of 

either  conditions is that peripheral insulin 

resistance combines with the relative 

inability of pancreatic β-cell insulin 

production. Therefore, the presence of 

striking similarities among these two 

diseases suggests a marked overlap 

between genetic additives (13). 

 

Pathophysiology of Gestational Diabetes 

 

A normal pregnancy is a condition that 

progresses with insulin resistance, 

hyperinsulinemia and mild postprandial 

hyperglycemia under the action of 

diabetogenic hormones such as growth 

hormone secreted from the placenta, 

corticotropin-releasing hormone, placental 

lactogen, tumor Necrosis Factor-α (TNF-α) 

and progesterone. This situation prepares 

the mother to provide the enhanced need of 

some amino acids and glucose for the fetüs. 

Adipokines, leptin, adiponectin, TNF-α, 

interleukin-6  (IL-6) are secreted from 

white adipose tissue. The placenta also 

shows a similar cytokine gene expression 

profile, with the exception of adiponectin. 

It is thought that inflammation caused by 

secreted cytokines may be related with 

enhanced insulin resistance in gestational 

diabetes (14,15). 
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Widespread Complications of 

Gestational Diabetes 

 

GDM has many deleterious effects on the 

fetus and mother. Widespread complexity 

of gestational diabetes are; macrosomia, 

birth injuries, cesarean, hydramniosis, 

preeclampsia, , Type 2 DM in the postnatal 

mother, metabolic disorders in newborn 

(16). Hyperglycaemia stimulates fetal β 

cells, leading to enhanced insulin secretion 

and high insulin levels in the blood. High 

insulin level stimulates hematopoietic cells. 

As a result, polycythemia enhances, 

hyperplasia and hypertrophy take place 

(17). 

High insulin levels can lead to damage to 

brain cells. In consequence of blood and 

urine glucose concentrations enhance 

abnormal glucose metabolism, , which rises 

the susceptibility to urinary tract infections. 

The Hyperglycemia and Harmful 

Pregnancy Results (HAPO) study on the 

effect of hyperglycemia on pregnancy 

results confirmed that glucose during 

pregnancy is relevant to an enhanced risk 

for macrosomia, cesarean delivery and 

neonatal hypoglycemia rates (18,19).  

 

Risk Factors for Gestational Diabetes 

 

The major risk factors that cause the 

emergence of GDM in women;  

 Obesity 

 Having given birth previously to an 

infant weighing > 9 pounds 

 Diabetes history in family 

 Women >25  years old  

 Race  

 Impaired glucose tolerance (20). 

 

 

 

Immune Response in Gestational 

Diabetes 

 

The innate immune system and the adaptive 

immune system are the parts of the immun 

system. Natural immune cells  activate and 

stimulate  the naive T helper (Th0) cells for 

managing the adaptive immune response. 

Th0 cells differentiate  to Thl, Th2, Treg or 

Th17 effector cells. The this system shows 

to play a very important status in the 

formation of insulin resistance, especially 

with the capacity to differentiate into Th0 

cells, pro-inflamatory  or anti-inflammatory 

Th cells (22). 

CD4 + Th cells are among the basic 

building blocks of the immune system. 

After activating Th cells, they begin to 

secrete cytokines that affect the function of 

almost all cells of the immune system (23). 

These cytokines activate and regulate B 

cells, Tcells, natural killer cells, 

macrophages and other immune system 

cells (24). The related cytokines are also 

generated by trophoblast cells, stromal 

cells, epithelial cells, maternal T 

lymphocytes, macrophages, NK cells and 

other maternal leukocytes (25). This 

suggests that the development and 

maintenance of the fetal-placental unit 

depends on these cytokines. The presence 

of these cytokines in the maternal-fetal 

range influences the provision of the 

appropriate environment by regulating 

processes such as implantation, placental 

development, cytotrophoblast proliferation, 

angiogenesis, extravillous trophoblast cell 

invasion, reconstruction of spiral arteries, 

cell growth and apoptosis (26). As seen in 

Figure 1, antigen presentation in the 

presence of IL-12 induces expression of T-

bet and IFN-γ production. As a result of 

this,  Th cell differentiation occurs in the 
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Th1 direction. On the other hand, IL-4 

induces GATA3 expression and IL-4 

production, and this is necessary for its 

differentiation to Th2 cell direction. 

Expression of IL-6 and TGF (Transforming 

Growth Factor-βRORγt induces IL-17 

production in Th17 cells. TGF-β is required 

for Foxp3 expression and Treg cell 

differentiation (27). 

 

 
 

                               Figure 1: T cell differentation 

 

Th2 cells have a critical status in immune 

response against extracellular parasites and 

work by producing IL4,5 and 13. Epithelial 

cells in intestines, skin, lungs and host cells 

of the natural immune system that are the 

entry point of parasitic infections, produce 

Th2 cytokines including IL-4, IL-25 and 

IL-33 (29,30). These cytokines affect the 

cells of the natural immune system, such as 

basophil and dendritic cells, or direct 

differentiation of naive T cells to the Th2 

direction. IL-4 activates STAT6, which 

plays a role in Th2 differentiation by 

interacting with its receptor. STAT6 

activation enhances the induction of 

GATA3 transcription factor. GATA3 is the 

main regulator of Th2 differentiation. 

When GATA3's function is impaired, Th2 

differentiation does not occur. IL-4, 

produced from mature Th2 cells, promotes 

the differentiation of more naive T cells into 

Th2 cells after encountering the antigen. 

(30). In humans, it is thought that the 

pregnancy is recognized by the mother 

through the signals sent by the fertilized 

ovum during pregnancy, which leads to the 

predominance of intrauterine Th2 cells 

(31,32). Thl cells produce interferon-

gamma (IFN-γ) and support the cell-

mediated immune response. Th2 cells 

produce IL-4 and / or IL-10, a regulatory 

cytokine, and support antibody production 

and humoral immunity (33). Surgery 

reduces the rate of Th1 / Th2 responsible for 

suppressed cell-mediated immunity after 

surgery (34). The ratios of Th17 to 

regulatory Tcells (Treg) and Th1 to Th2 

represent the state and direction of the 

immune response and play the status of an 

immunomodulator (35,36,37). 
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Studies have also focused on Th17 cells, 

which are characterized by IL-17 secretion 

to understand the pathophysiology of 

pregnancy complexities (38). Through the 

secretion of IL-17, Th17 cells induce 

neutrophil uptake, activation and migration 

as well as pro-inflammatory mediators (39). 

Therefore, these cells play a vital 

proinflammatory status for defending 

against extracellular pathogens, but they 

also play a status in the pathogenesis of 

autoimmune diseases such as chronic 

inflammatory and rheumatoid arthritis 

(40).Th17 cells are thought to diminish in 

uncomplicated pregnancy compared to 

non-pregnant women. As a result of this, 

peripheral levels appear to remain low 

during the pregnancy period without any 

considerable alteration (41,42). In addition 

to the complexity of defining the 

environmental profile of the T cell immune 

response in GDM, Treg cells are thought to 

be necessary to maintain the immune 

homeostasis and tolerance as they regulate 

and suppress the immune response (43).  

In the study of Ostlund et al. , the peripheral 

subset of Treg cells secreting IL-10 was 

measured. This measurument showed that 

in the third pregnancy trimester, this T-cell 

subset was substantially higher in GDM 

pregnant women than in controls. 

Considering the suggested link among the 

Th17 and Treg response (44), in the study 

of Arck et al., GDM women  had higher 

levels of this regulatory / anti-inflammatory 

Treg subset, as well as higher pro-

inflammatory Th17 cells. As a result of 

present data show that Treg cells rise during 

pregnancy. Treg cells  peak in the second 

trimester and these cells  play an important 

anti-inflammatory status in the necessary 

immuno-tolerance (45,46). On the other 

hand, different studies also suggest that 

Treg cells do not alternate or even diminish 

during pregnancy. Mor extensive research 

is needed to examine alterations in these T 

cell subsets in the first trimester of 

pregnancy to enlighten the definitive 

evolution of the Treg and Th17 response for 

GDM and noncomplicated pregnancy (47). 

 

Conclusions  

In the perinatal period and in the long term. 

GDM is an residual incidence in the world 

and is related with morbidity for either the 

mother and fetus. Future studies are 

required to specifically more 

comprehensive  studies are needed in the 

future for exploring whether prenatal  

exposure to the dysregulated metabolic and 

immune environment of GDM may have an 

epigenetic impact on the neonatal immune 

function and increase the risk of subsequent 

disease.   

 

 

Conflict of Interest 

The author has any potential financial or 

commercial conflict of interest associated 

with this research manuscript (review 

article). 

 

 

Refererences 
1. Giordano C. Immunobiology of normal 

and diabetic pregnancy. Immunology 

Today. 1990;11(9):301–303 

2. Hichami A, Grissa O, Mrizak I, 

Benammar C, and Khan N.A. Role of 

T-cell polarization and inflammation 

and their modulation by n-3 fatty acids 

in gestational diabetes and 

macrosomia,” Journal of Nutrition and 

Metabolism. 2016:3124960 

 

 



 

          Review Article 

International Journal of Basic and Clinical Studies (IJBCS)                             

2020; 9(1): 9-16  Ciraci E. 

 

14 
 

3. Yessoufou A, Hichami A, Besnard P, 

Moutairou K, and Khan N.A, 

“Peroxisome proliferator-activated 

receptor α deficiency increases the risk 

of maternal abortion and neonatal 

mortality in murine pregnancy with or 

without diabetes mellitus: modulation 

of T cell differentiation,” 

Endocrinology.2006;147(9):4410–

4418 

4. Aktün LH, Uyan D, Yorgunlar B, Acet 

M. Gestational diabetes mellitus 

screening and outcomes. J Turk Ger 

Gynecol Assoc.2015;16(1): 25-9 

5. American Diabetes Association 

(2015). Management of diabetes in 

pregnancy. In Standards of  Medical 

Care in Diabetes. Diabetes Care. 

2015;38 (1):77–79 

6. American Diabetes Association 

(ADA). Position Statement: Standards 

of medical care in  diabetes., 

2013;36(1), 11-66 

7. American Diabetes Association. 

Classification and diagnosis of 

diabetes. Diabetes Care 2017;40 11–

24. 

8. American Diabetes Association. 

Standards of medical care. 

Classification and diagnosis of  

diabetes. Diabetes Care. 

2016;39(1):13-22 

9. Arck PC, Hecher K (Fetomaternal 

immune cross-talk and its 

consequences form aternal and off 

springs health. Nat Med. 2013;19:548–

556  

10. Somerset DA, Zheng Y, Kilby MD, 

Sansom DM, Drayson MT (2004) 

Normal human pregnancy is associated 

with an elevation in the immune 

suppressive CD25+ CD4+ regulatory T 

cell subset. Immunology 2013;112:38–

43 

11. Emily D,  Szmuilowicz, Jami L 

Josefson, Boyd E. Metzger. Gestational 

Diabetes Mellitus. 2019;48(3):479-493 

12. Bajaj K, Gross SJ. The genetics of 

diabetic pregnancy. Best Pract Res Clin 

Obstet Gynaecol. 2015;29(1):102-109 

13. Barbour LA, McCurdy CE, Hernandez 

TL, Kirwan JP, Catalano PM, 

Friedman JE. Cellular mechanisms for 

insulin resistance in normal pregnancy 

and gestational diabetes. Diabetes 

Care. 2007;30 (2):S112-119 

14. Bellamy L, Casas JP, Hingorani AD, 

Williams D. Type 2 diabetes mellitus 

after gestational  diabetes: a systematic 

review and meta-analysis. 

Lancet.2003;373:1773-9   

15. Hauguel-de Mouzon S, Guerre-Millo 

M. The placenta cytokine network and 

inflammatory signals. Placenta 

2006;27:794-98 

 

16. Cardinale F, Chinellato I, Caimmi S, 

Peroni DG, Franceschini F, Miraglia 

Del Giudice M. Perioperative period: 

immunological modifications. Int J 

Immunopathol Pharmacol. 

2011;24(3):3–12 

17. Catalano PM Tyzbir ED Roman NM 

Amini SB Sims EA. Longitudinal 

changes in insulin release and insulin 

resistance in nonobese pregnant 

women. American Journal of 

Obstetrics and 

Gynecology.1991;165:1667–1672. 

18. Catalano PM Tyzbir ED Wolfe RR 

Roman NM Amini SB Sims EA 1992 

Longitudinal changes in basal hepatic 

glucose production and suppression 

during insulin infusion in normal 

pregnant women. American Journal of 

Obstetrics and Gynecology 167 913–

919.   

19. Chen Q,, Francis E, Hu  G, Chen L. 

Metabolomic profiling of women with 

gestational diabetes mellitus and their  

offspring: Review o metabolomics 

studies.J Diabetes Complications 

2018;32(5):512-523. 



 

          Review Article 

International Journal of Basic and Clinical Studies (IJBCS)                             

2020; 9(1): 9-16  Ciraci E. 

 

15 
 

20. Crowther CA, Hiller JE ,Moss J Retal. 

Effect of treatment of gestational 

diabetes mellitus on pregnancy 

outcomes. NEnglJMed 

2005;352:2477–2486. 

21. Fujio K, Okamura T and Yamamoto K: 

The family of IL-10 secreting secreting 

CD4+T cells. In: Advances in 

Immunology.2010;99-130 

22. Guo NH, Shi QZ, Hua JY, Li ZJ, Li J, 

He WF, et al. Expression of regulatory 

T cells and Th17 cells in idiopathic 

thrombocytopenic purpura and its 

significance. Zhonghua Xue Ye Xue Za 

Zhi. 2010;31:610–2.   

23. Abbas AK, Lichtman AH. Cellular and 

molecular immunology. 5.edition. 

Philadephia.Elsevier Saunders. 

2005:163-188 

24. McHeyzer-Williams L, Malherbe L, 

McHeyzer-Williams M. Helper T 

cellregulated B cell immunity. Curr 

Top Microbiol Immunol. 2006;311:59-

83 

25. Vince GS, Johnson PM. Leucocyte 

populations and cytokine regulation in 

human uteroplacental tissues. 

Biochem. Soc. Trans. 2000;28:191–

195 

26. Lash GE, Ernerudh J. Decidual 

cytokines and pregnancy 

complications: focus on spontaneous 

miscarriage. J Reprod Immunol. 

2015;108:83-9. 

27. Zhu J, Jankovic D, Oler AJ, Wei G, 

Sharma S, Hu G, Guo L, Yagi R, 

Yamane H, Punkosdy G, Feigenbaum 

L, Zhao K, Paul WE.The transcription 

factor T-bet is induced by multiple 

pathways and prevents an endogenous 

Th2 cell program during Th1 cell 

responses. Immunity. 2012 Oct 

19;37(4):660-73. 

 

 

 

28. Kwak-Kim, H.S. Chung-Bang, S.C. 

Ng, E.I. Ntrivalas, C.P. Mangubat, 

K.D. Beaman,  AE Beer,  Gilman-

Sachs A. Increased T helper 1 cytokine 

responses by circulating T cells are 

present in women with recurrent 

pregnancy losses and in infertile 

women with multiple implantation 

failures after IVF Hum. Reprod. 2003; 

767–773. 

29. Emel Bülbül Başkan. T hücre 

immünitesi. Turkderm. 2013;47:3. 

30. Wan YY, Flavell RD: How diverse- 

CD4 effector T cells and their 

functions. J.Mol Cell Biol. 2009;1:20-

36 

31. Kelemen K, Paldi A, Tinneberg H, 

Torok A, Szekeres Bartho J. Early 

recognition of pregnancy by the 

maternal immune system. Am. J. 

Reprod. Immunol 1998;39(6):351-5 

32. Derk Amsen, Charalampos 

G.Spilianakis, and Richard A. 

Flavell,Curr Opin. How are TH1 and 

TH2 effector cells made? Immunol. 

2009; 21(2): 153–160 

33. Lekva T, Norwitz ER, Aukrust P and 

Ueland T: Impact of systemic 

inflammation on the progression of 

gestational diabetes mellitus. Curr Diab 

Rep 16: 26, 2016 

34. Liwei C, Rachel M, Adaire C, Gang H. 

Gestational diabetes mellitus: its 

epidemiology and  implication beyond 

pregnancy. Curr Epidemiol Rep. 

2016;3:11.   

35. Khan N.A. Inflammation et immunité: 

implications dans l’obésité et le diabète 

de type 2,” Oléagineux, Corps gras, 

Lipides. 2006;13(5):343–351 

36. Nakashima A, Ito M, Yoneda S, 

Shiozaki A, Hidaka T, Saito S. 

Circulating and decidual Th17 cell 

levels in healthy pregnancy. Am J 

Reprod Immunol. 2010;63:104–109 

 



 

          Review Article 

International Journal of Basic and Clinical Studies (IJBCS)                             

2020; 9(1): 9-16  Ciraci E. 

 

16 
 

37. Ostlund I, Haglund B, Hanson U. 

Gestational diabetes and preeclampsia. 

Eur J Obstet Gynecol Reprod Biol. 

2004;113:12–16   

38. Polese B, Gridelet V, Araklioti E, 

Martens H, Perrier d’Hauterive S and 

Geenen V: The endocrine milieu and 

CD4 T-Lymphocyte polarization 

during pregnancy. Front Endocrinol. 

2014;5:106 

39. Radaelli T, Varastehpour A, Catalano 

P, Hauguel-de Mouzaon S. Gestational 

diabetes induces placental genes for 

chronic stres and inflammatory 

pathways. Diabetes 2003;52.2951-58 

 

40.  Saito S, Nakashima A, Shima T and Ito 

M: Th1/Th2/Th17 and regulatory T-

Cell paradigm in pregnancy. Am J 

Reprod Immunol.2010;63: 601-610 

41. Shah BR, Retnakaran R,Booth GL. 

Increasedriskofcardiovascular disease 

in young women following gestational 

diabetes mellitus. Diabetes Care. 

2008;31:1668–1669 

42.  Singh R, Aggarwal A, Misra R. 

Th1/Th17 cytokine profiles in patients 

with reactive arthritis/undifferentiated 

spondyloarthropathy. J Rheumatol. 

2007; 34:2285–90. 

43. Sullivan SD Umans JG Ratner R. 

Gestational diabetes: implications for 

cardiovascular health. Current 

Diabetes Reports. 2012;12 43–52. 

 

 

 

 

 

 

 

 

 

 

 

44. Systemic inflammation on the 

progression of gestational diabetes 

mellitus. Curr Diab Rep. 2016;16: 26 

45. Tam WH, Ma RC, Yang X, Ko GT, 

Tong PC, Cockram CS.Glucose 

intolerance and  cardiometabolic risk in 

children exposed to maternal 

gestational diabetes mellitus in utero. 

Pediatrics. 2008;122:1229-34   

46. Viardot A, Grey ST, Mackay F, 

Chisholm D. Potential 

antiinflammatory role of insulin via the 

preferential polarization of effector T 

cells toward a T helper 2 phenotype. 

Endocrinology. 2007;148:346–353 

47. Webster NR, Galley HF. 

Immunomodulation in the critically ill. 

Br J Anaesth. 2009;103:70–81.  


