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 Diminished Systemic and Antigen-Specific
 Type 1, Type 17, and Other Proinflammatory
 Cytokines in Diabetic and Prediabetic Individuals
 With Latent Mycobacterium tuberculosis
 Infection

 Nathella Pavan Kumar,1,2 Parakkal Jowian George, 12 Paul Kumaran,2 Chandra Kumar Dolla,2 Thomas B. Nutman,3
 and Subash Babu1,3

 1 National Institutes of Health-International Center for Excellence in Research, 2National Institute for Research in Tuberculosis, and laboratory of Parasitic

 Diseases, National Institutes of Allergy and Infectious Diseases, National Institutes of Health, Bethesda, Maryland

 Background . Diabetes mellitus type 2 (DM) is known to be a major risk factor for the development of active
 tuberculosis, although its influence on latent Mycobacterium tuberculosis infection (hereafter, "latent infection") re-
 mains poorly characterized.

 Methods. We examined circulating plasma cytokine levels in individuals with latent infection with DM or pre-
 DM (ie, intermediate hyperglycemia) and compared them to levels in patients with latent infection and normal gly-
 cemic control.

 Results . In persons with DM or pre- DM, latent infection is characterized by diminished circulating levels of type

 1 (interferon y, interleukin 2, and tumor necrosis factor a) and type 17 (interleukin 17F) cytokines. This was asso-

 ciated with decreased systemic levels of other proinflammatory cytokines (interleukin lß and interleukin 18) and the

 antiinflammatory cytokine interleukin 10 but not with decreased systemic levels of type 2 cytokines. Moreover,
 latently infected individuals with DM had diminished levels of spontaneous and M. tuberculosis antigen-specific
 levels of type 1 and type 17 cytokines when antigen- stimulated whole blood was examined. Finally, there was no
 significant correlation between the levels of any of the cytokines measured (with the exception of interleukin 22)
 with hemoglobin Ale levels.

 Conclusions . Our data reveal that latent infection in the presence of DM or pre-DM, is characterized by dimin-

 ished production of cytokines, implicated in the control of M. tuberculosis activation, allowing for a potential im-
 munological mechanism that could account for the increased risk of active tuberculosis in latently infected
 individuals with DM.

 Keywords . bacterial; cytokines; diabetes; pre-diabetes; tuberculosis.

 The long-held association between tuberculosis and di-

 abetes mellitus type 2 (DM) [1] has been given addi-
 tional credence by a recent meta-analysis in which
 DM was shown to have a 3 -fold increased risk for the
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 development of active pulmonary tuberculosis [2] . In
 addition, DM is also known to be associated with a

 greater severity of tuberculosis, with a greater odds of

 cavitation, increased bacillary loads, delayed sputum

 conversion, treatment failure, relapse, and death [1, 3].

 Despite the clinical and public health significance posed

 by the dual burden of tuberculosis and DM, very little is

 known about the immunological and biochemical
 mechanisms underlying this susceptibility.

 Enhanced susceptibility to tuberculosis in patients

 with DM has been ascribed to several factors, including

 direct effects related to hyperglycemia and insulin resis-

 tance and indirect effects related to macrophage and
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 lymphocyte function [1, 3, 4], Pre-DM (ie, intermediate hyper-

 glycemia) is a high-risk state for DM that is defined by levels of

 glycemic variables that are higher than normal but lower than

 thresholds for DM. Pre-DM is also associated with the presence

 of insulin resistance and B-cell dysfunction - abnormalities that

 start before changes in blood glucose levels become detectable
 [5]. While a number of studies have examined the interaction

 of DM with active tuberculosis [3, 4], very few studies have ex-

 amined the interaction of DM (and its pre-DM precursor) with

 latent Mycobacterium tuberculosis infection (hereafter, "latent

 infection"). Whether diabetes hastens the progression to active

 tuberculosis by increasing the risk of latent infection in healthy

 individuals or by increasing the risk of progression to active tu-

 berculosis in latently infected individuals is not known. More-

 over, the impact of diabetes or pre-DM on the innate and

 adaptive immune responses to mycobacteria- derived antigens
 in latent infection is also not known.

 Since type 1 and type 17 cytokines and the interleukin 1

 (IL- 1) family of cytokines are known to influence susceptibility

 to tuberculosis in both humans and in animal models [6, 7], we

 postulated that diabetes and/or pre-DM could perturb the nor-

 mal homeostatic levels of these cytokines in latent infection. To

 this end, we compared levels of a panel of type 1, type 17, IL-

 1 -family, and other relevant proinflammatory cytokines in

 individuals with latent infection and coincident DM or pre-DM
 to levels in individuals with latent infection but without DM.

 We also examined the influence of DM or pre-DM on M. tuber-

 culosis antigen-specific cytokine production. Our data show
 both DM and pre-DM alter the levels of many proinflammatory

 cytokines at homeostasis and in response to M. tuberculosis an-

 tigens in latent infection and provides evidence for the potential

 contribution of impaired glucose tolerance to the increased risk

 for progression to active tuberculosis. Finally, our data also

 show that, among individuals with DM or pre-DM, those
 with latent infection exhibit significantly higher circulating

 levels of most proinflammatory cytokines, compared with
 those without latent infection.

 MATERIALS AND METHODS

 Study Population

 We studied a group of 90 individuals with latent infection, 30 of

 whom had DM, 30 of whom had pre-DM, and 30 of whom had
 no DM. We also studied another 60 individuals without latent

 infection as controls (30 with DM and 30 without DM). Latent

 infection was diagnosed on the basis of positive results of the

 Mantoux skin test (induration diameter, >12 mm), using 2 tu-

 berculin units of purified protein derivative (Statens Serum In-

 stitute), and positive results of the Quantiferon In-Tube Gold

 assay, with no chest symptoms of tuberculosis and normal

 chest radiograph findings [8]. DM and pre-DM were defined

 on the basis of glycated hemoglobin (HbAlc) percentages,

 using American Diabetes Association criteria (DM, > 6.5%;
 pre-DM, 5.7%-6.4%) [9]. All the individuals were human im-

 munodeficiency virus negative. All individuals were naive to an-

 tituberculosis treatment. Anthropometric measurements,

 including height, weight, and waist circumference, and bio-

 chemical parameters, including plasma glucose level, lipid pro-

 files, and HbAlc level, were obtained using standardized
 techniques as detailed elsewhere [10]. Hematologic analysis
 was performed on all individuals, using the Act- 5 Diff hema-

 tology analyzer (Beckman Coulter). All individuals were exam-

 ined as part of a clinical protocol approved by the institutional

 review boards of the National Institutes of Allergy and Infec-
 tious Diseases and the National Institute of Research in Tubercu-

 losis, and informed written consent was obtained from all

 participants.

 Plasma Enzyme-Linked Immunosorbent Assay (ELISA)

 Plasma cytokine and chemokine levels were measured using a

 Bioplex multiplex cytokine assay system (Bio-Rad, Hercules,

 CA). The parameters analyzed were interferon y (IFN-y),
 tumor necrosis factor a (TNF-a), interleukin 2 (IL-2), interleu-

 kin 17A (IL-17A), interleukin 4 (IL-4), interleukin 5 (IL-5), in-

 terleukin 13 (IL-13), interleukin 10 (IL-10), interleukin 6 (IL-6),

 interleukin 12p70 (IL-12p70), and granulocyte macrophage
 colony-stimulating factor (GM-CSF). Plasma levels of transform-

 ing growth factor ßl (TGF-ßl; total level - acid- activated level),

 IL- la, IL- lß, interleukin 18 (IL- 18; all R&D Systems), IL-17F

 (Biolegend), and interleukin 22 (IL-22; ebioscience) were mea-

 sured by ELISA. The lowest detection limits for the various cy-

 tokines were as follows: IL- la, 2.4 pg/mL; IL-lß, 2.7 pg/mL; IL-2,

 1.16 pg/mL; IL-4, 0.3 pg/mL; IL-5, 2.08 pg/mL; IL-6, 2.31 pg/

 mL; IL-10, 2.2 pg/mL; IL- 12, 2.78 pg/mL; IL-13, 2.22 pg/mL;

 IL-17A, 2.57 pg/mL; IL-17F, 1.2 pg/mL; IL-22, 2.2 pg/mL; IL-

 18, 2.1 pg/mL; IFN-y, 2.14 pg/mL; TNF-a, 4.89 pg/mL; and
 TGF-ß, 7.8 pg/mL.

 Quantiferon Supernatant ELISA

 Whole blood specimens from a subset of latently infected with

 or without DM (22 per group) were incubated with no antigen,

 with M. tuberculosis antigens (ESAT-6, CFP- 10, and TB 7.7), or

 with mitogen (phytohemagglutinin), using the Quantiferon In-

 Tube Gold kit. The unstimulated or M. tuberculosis antigen-

 stimulated whole-blood supernatants were then used to analyze

 the levels of IFN-y, TNF-a, IL-17A, IL-10, and IL-lß, using the

 DuoSet ELISA kit (R&D systems).

 Statistical Analysis
 Geometric means were used for measurements of central ten-

 dency. Statistically significant differences between 3 groups

 were analyzed using the Kruskal- Wallis test with Dunn multiple

 comparisons, and those between 2 groups were analyzed using

 the nonparametric Mann- Whitney U test. Multiple comparisons

 Cytokines, Latent M. tuberculosis Infection, and Diabetes • JID 2014:210 (15 November) • 1671

This content downloaded from 137.187.61.43 on Wed, 06 Jul 2022 06:15:32 UTC
All use subject to https://about.jstor.org/terms



 were corrected using the Holm correction. Correlations were

 calculated using Spearman rank correlation. Multivariate linear

 models were built to test the association between the cytokine

 levels and the independent variables, including age, sex, lipid

 profile, and random blood glucose level. Analyses were per-

 formed using GraphPad Prism, version 5.01, or R, version
 2.15.2.

 RESULTS

 Study Population Characteristics

 The baseline characteristics, including demographic character-

 istics, clinical features, and biochemical features of the study

 population are shown in Table 1. As can be seen, compared
 with latently infected individuals without DM, individuals
 with latent infection and DM had higher fasting blood glucose,

 HbAlc, serum cholesterol, low density lipoprotein (LDL), and

 triglycerides levels but lower high-density lipoprotein (HDL)

 cholesterol levels. Similarly, compared with latently infected

 individuals without DM, latently infected individuals with

 pre-DM had higher HbAlc, serum cholesterol, LDL, and
 triglycerides levels but lower HDL cholesterol levels. Interest-

 ingly, the lipid profiles of latently infected individuals with

 DM and those with pre-DM did not differ significantly. The

 groups did not significantly differ in their baseline hematolog-

 ical parameters (data not shown) or in results of hepatic
 or renal function tests (Table 1). Finally, multivariate logistic re-

 gression analysis did not reveal any effect of age, sex, or serum

 lipid profile on the cytokine levels in the 3 groups (data not
 shown).

 Latently Infected Individuals With DM and Those With Pre-DM

 Exhibit Diminished Circulating Levels of Type 1, Type 17, and
 IL-1- Family Cytokines

 Since type 1 and type 17 are known to be important in resis-
 tance to tuberculosis [7, 11], we determined the influence of

 DM or pre-DM on type 1 and type 17 cytokines in latent infec-

 tion by measuring the circulating levels of IFN-y, TNF-a, IL-2,

 IL- 17 A, IL-17F, and IL-22 in latently infected individuals with

 DM (n = 30), with pre-DM (n = 30), and with no DM (n = 30).

 The geometric mean systemic levels of all 3 type 1 cytokines

 were significantly lower in latently infected individuals with

 DM and those with pre-DM, compared with those without

 DM (for IFN-y, 557.3 pg/mL and 589.1 pg/mL, respectively,

 compared with 963.8 pg/mL; for TNF-a, 377.7 pg/mL and
 362 pg/mL, respectively, compared with 490 pg/mL; and for

 IL-2, 58.2 pg/mL and 64.4 pg/mL, respectively, compared with

 90.2 pg/mL; Figure 1A). Similarly, geometric mean systemic lev-

 els of IL-1 7F in latently infected individuals with DM and those

 with pre-DM were also significantly lower than those in latently

 infected individuals without DM (26.2 pg/mL and 22.9 pg/mL,

 respectively, compared with 40.9 pg/mL). In contrast, geometric

 mean IL-22 levels were significantly higher in latently infected

 individuals with DM, compared with those with pre-DM and

 those without DM (273 pg/mL, compared with 33.6 pg/mL

 and 83.4, respectively). Thus, latent infection with diabetes or

 Table 1 . Demographic and Clinical Characteristics of the Study Population With or Without Latent Mycobacterium tuberculosis Infection

 Latent Infection, Plus No Latent Infection, Plus

 Characteristic DM(n = 30) Pre-DM (n = 30) No DM (n = 30) DM(n = 30) No DM (n = 30)

 Male sex 17 11 11 14 12

 Age, y, median (range) 45.5(28-65) 43.3(23-65) 33.7(19-60) 45(21-64) 35.5(20-54)

 Height m, median (range) 1 .565 (1 .35-1 .84) 1 .53 (1 .37-1 .76) 1 .535 (1 .4-1 .79) 1 .56 (1 .35-1 .79) 1 .52 (1 .39-1 .78)
 Weight, kg, median (range) 61 (50-99) 58 (34-87) 52.5 (28-92) 58 (28-92) 62 (34-87)

 Body mass index3 25.89(19.92-37.39) 24.39(15.50-31.11) 22.55(12.28-33.33) 23.49(12.28-30.85) 26.14(16.11-33.33)
 Mantoux skin test, induration >12 >12 >12 <12 <12
 diameter, mmb

 IFN-y-release assay result Positive Positive Positive Negative Negative
 Random blood glucose level, 200(71-537) 101(60-226) 94(64-139) 144(100-370) 87(71-128)

 mg/dL

 Glycated Hb level, % 8.92 (6.53-13.13) 6.2 (6.07-6.38) 5.1 (4.57-5.36) 7.90 (6.53-1 1 .74) 5.24 (4.63-5.42)
 AST level, U/L 24.4(14-46) 23.7(12-58) 22.1(10-31) 24.5(13-50) 21(11-41)

 ALT level, U/L 23.7 (1 0-67) 20.8 (1 0-77) 1 5.8 (6-35) 22 (1 0-67) 1 5 (9-34)

 Urea level, mg/dL 22.7 (15-49) 20.3 (12-35) 19 (1 1-30) 20.5 (1 1-38) 20.5 (8-38)

 Creatinine level, mg/dL

 Data are geometric means (range), unless otherwise indicated.

 Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; DM, diabetes mellitus type 2; Hb, hemoglobin; IFN-y, interferon y.

 a Defined as the weight in kilograms divided the height in square meters.

 b An induration diameter of >12 mm was considered positive.
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 Figure 1. Systemic levels of type 1 (interferon y [IFN-y], tumor necrosis factor a [TNF-a], and interleukin 2 [IL-2]; A), type 17 (interleukin 17A [IL-17A], IL-

 17F, and interleukin 22 [IL-22]; A), type 2 (interleukin 4 [IL-4], interleukin 5 [IL-5], and interleukin 13 [IL-13]; B ), regulatory (interleukin 10 [IL-10] and trans-

 forming growth factor ß [TGF-ß]; B), interleukin 1 (IL-1 )- family (IL-1a, IL-1 ß, and interleukin 18 [IL-18]; C), and other proinflammatory (interleukin 6 [IL-6],

 interleukin 12 [IL-1 2], and granulocyte-macrophage colony-stimulating factor [GM-CSF]; C) cytokines in individuals with latent Mycobacterium tuberculosis

 infection concomitant with diabetes mellitus type 2 (DM; n = 30), concomitant with pre-DM (n = 30), or without DM (n = 30). Cytokine levels were measured

 by enzyme-linked immunosorbent assay. Each circle represents a single individual, and each bar represents the geometric mean. P values were calculated

 using the Kruskal- Wallis test with Dunn multiple comparisons. *P<. 05, **P<.01, and ***P<.001.
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 pre- DM is associated with diminished levels of type 1 and type

 17 cytokines at homeostasis.

 Since type 2 and regulatory cytokines influence the progres-

 sion to active tuberculosis [7], we sought to determine the influ-

 ence of DM or pre-DM on type 2 and regulatory cytokines in

 latent infection and measured the plasma levels of IL-4, IL- 5,

 IL- 13, IL- 10, and TGF-ß in the 3 groups. As shown in Figure 1 B,

 the geometric mean systemic levels of type 2 cytokines - IL-4,

 IL-5, and IL- 13 - were not significantly different between la-

 tently infected individuals with DM, those with pre-DM, and

 those without DM. However, the geometric mean systemic lev-

 els of the regulatory cytokine IL- 10 were also significantly lower

 in latently infected individuals with DM and those with pre-

 DM, compared with levels in those without DM (56.9 pg/mL

 and 62.8 pg/mL, compared with 86.8 pg/mL). In contrast, the

 levels of the other potent regulatory cytokine, TGF-ß, were

 not significantly different between the 3 groups.

 Finally, since the IL- 1 family of cytokines, as well as other

 proinflammatory cytokines, are known to be important for re-

 sistance to AÍ. tuberculosis infection [7], we also measured cir-

 culating levels of these cytokines in the 3 groups. The geometric

 mean systemic levels of IL- lß and IL- 18 but not IL- la in latent-

 ly infected individuals with DM and those with pre-DM were

 significantly lower than levels in those without DM (for IL-

 1 ß, 34.9 pg/mL and 37.1 pg/mL, respectively, compared with

 74.3 pg/mL; and for IL- 18, 62.8 pg/mL and 64.6 pg/mL, respec-

 tively, compared with 88.4 pg/mL; Figure 1C). No significant

 differences were found in the systemic levels of other proinflam-

 matory cytokines examined, including IL-6, IL- 12, and GM-

 CSF, between the 3 groups. Thus, latent infection with diabetes

 or pre-DM is associated with decreased levels of proinflamma-

 tory cytokines.

 Individuals With Both Latent Infection and DM Exhibit

 Decreased M. tuberculosis Antigen-Stimulated Levels
 of Type 1 and Type 17 Cytokines

 Since we observed alterations in the plasma levels of type 1 and

 type 17 cytokines, we sought to determine whether diabetes is

 associated with alterations in mycobacteria- specific production

 of these cytokines in latent infection. To this end, we measured

 levels of these cytokines following stimulation with a cocktail of

 M. tuberculosis- associated antigens (ESAT-6, CFP- 10, and TB
 7.7) in a subset of 22 diabetic individuals and 22 nondiabetic

 individuals with latent infection (Figure 2). As shown in Fig-

 ure 2A, the spontaneously produced geometric mean levels of

 IFN-y (2.4 pg/mL vs 7.3 pg/mL) and TNF-a (0.39 pg/mL vs
 6.8 pg/mL) in latently infected diabetic individuals were signifi-

 cantly lower than those in latently infected nondiabetic individ-

 uals. Similarly, as shown in Figure 2 B, the geometric mean Aí.

 tuberculosis antigen-stimulated (net cytokine) levels of IFN-y

 (10.5 pg/mL vs 249.2 pg/mL), TNF-a (6.5 pg/mL vs 328.1 pg/

 mL), IL-17A (14.2 pg/mL vs 24.4 pg/mL), and IL- 10 (95.6 pg/

 mL vs 220.6 pg/mL) in latently infected diabetic individuals

 were also significantly lower than those in latently infected non-

 diabetic individuals. Mitogen stimulation induced production

 of all cytokines, but the levels were not significantly different be-

 tween the 2 groups (Figure 2 C). Thus, latent infection with DM

 is associated with decreased levels of Aí. tuberculosis antigen-

 stimulated type 1 and type 17 cytokines.

 Relationship Between Systemic Cytokines and HbA1c Levels

 HbAlc is a very accurate indicator of the level of diabetic con-

 trol, and increased values reflect poor control [9]. Since HbAlc

 levels have been previously shown to correlate with cytokine
 levels in individuals with active tuberculosis [12, 13], we wanted

 to examine whether this relationship exists in latent infection, as

 well. Thus, we assessed the association of type 1, type 17, IL-1-

 family cytokines, and type 1 IFNs with HbAlc levels in all la-

 tently infected individuals with DM or pre-DM in the study. As

 shown in Figure 3, the systemic levels of type 1 (IFN-y, TNF-a,

 and IL-2), type 17 (IL-17A and IL-17F), and IL- 1 -family cyto-
 kines were not related to HbAlc levels in latent infection. In

 marked contrast, IL-22, the only cytokine present at signifi-

 cantly higher levels in individuals with latent infection and

 DM was also the only cytokine that exhibited a significantly

 positive relationship with HbAlc levels (P< .0001; r- 0.8132).
 This suggests that perturbations in the homeostatic levels of dif-

 ferent cytokines in DM or pre-DM is not influenced by the gly-
 cemic status alone.

 Individuals With Both Latent Infection and DM Exhibit Elevated

 Circulating Levels of Type 1, Type 17 and IL-1 Family of

 Cytokines, Compared With Individuals Without Latent Infection
 To determine the effect of latent infection status on the ho-

 meostatic levels of plasma cytokines, we measured the circulat-

 ing levels of IFNy, TNFa, IL-17A, IL-22, IL- 1 ß and IL- 18 in
 individuals with both latent infection and DM, individuals

 without latent infection and with DM, and individuals without

 both latent infection and DM. Comparison of individuals with
 both latent infection and DM to individuals without latent

 infection and with DM and individuals without both latent

 infection and DM revealed significantly higher geometric

 mean levels of IFN-y (557.3 pg/mL, compared with 219.8 pg/

 mL and 345.8, respectively ), TNF-a (377.7 pg/mL, compared

 with 115.8 pg/mL and 120.5 pg/mL, respectively), IL-17A
 (376 pg/mL, compared with 84.1 pg/mL and 146.8 pg/mL, re-

 spectively), IL- 1 ß (34.9 pg/mL, compared with 3.3 pg/mL and

 4 pg/mL, respectively), and IL- 18 (62.8 pg/mL, compared with

 24.4 pg/mL and 26.1 pg/mL, respectively; Figure 4). Interesting-

 ly, latent infection had no effect on baseline IL-22 levels. Thus,

 latent infection is associated with significantly elevated levels of

 type 1, type 17, and IL-1 -family cytokines, independent of DM
 status.
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 Figure 2. Mycobacterium tuberculosis antigen-stimulated and unstimulated levels of type 1 (interferon y [IFN-y] and tumor necrosis factor a [TNF-a]),

 type 17 (interleukin 17A [IL-17A]), and interleukin 1 (IL-1 )- family (IL-1 ß) cytokines and interleukin 10 (IL-10) in whole-blood specimens from a subset of 22

 individuals with latent M. tuberculosis infection concomitant with diabetes mellitus type 2 (LDM) and 22 with latent infection and no DM (LNDM).

 Cytokines were unstimulated (A), stimulated with M. tuberculosis antigen ( B ), or stimulated with mitogen (C), and levels were measured by enzyme-linked

 immunosorbent assay in. The M. tuberculosis antigen- or mitogen-stimulated cytokines are shown as net cytokine levels with the baseline level subtracted

 out. Each circle represents a single individual, and bars represent geometric means. P values were calculated using the Mann-Whitney test.
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 Figure 3. Relationship between systemic levels of type 1 (interferon y [IFN-y], tumor necrosis factor a [TNF-a], and interleukin 2 [IL-2]), type 17 (inter-

 leukin 17A [IL-17A], IL-17F, and interleukin 22 [IL-22]), and interleukin 1 (IL-1 )- family (IL-1 oc, IL-1ß, and interleukin 18 [IL-18]) cytokines and hemoglobin A1c

 (HbA1c) levels in 60 individuals with latent Mycobacterium tuberculosis infection concomitant with diabetes mellitus type 2 (DM) or pre-DM. Each circle

 representing a single individual, and the bar represents the geometric mean. P values were calculated using the Spearman rank correlation.

 DISCUSSION

 DM is associated with immune dysfunction with alterations in

 the components of the immune system, including altered levels

 of specific cytokines and chemokines, changes in the number
 and activation state of various immune cell subsets, and in-

 creased apoptosis and tissue fibrosis [14]. Pre-DM is character-

 ized by the presence of blood glucose and HbAlc levels that are

 above normal limits [9]. Since glucose dysregulation and insulin

 resistance is common to both DM and pre-DM, the cumulative

 effects on the immune system overall are likely to be similar [9].

 How these changes affect the immune response to infectious

 agents or third-party antigens remains unclear. More specifi-

 cally, the underlying immunological basis for susceptibility to

 tuberculosis among those with DM is not well understood.
 One possible mechanism is that an impaired immune response

 in diabetic or prediabetic patients facilitates either primary in-
 fection with M. tuberculosis or reactivation of latent tuberculosis

 [3, 4]. Studies examining the innate and adaptive immune re-

 sponse to microbial antigens in diabetic patients suggest that

 these responses are compromised, particularly in those with

 chronic hyperglycemia [15-17].

 Cytokines play a critical role in the host immune response

 against mycobacterial infections [11]. Of particular importance

 are IFN-y and TNF-a, the functions of which have been well
 documented in both mouse models and human infections

 [7, 11]. Of lesser importance but playing a role nonetheless is

 IL-17A, the prototypical type 17 cytokine that is known to

 be necessary for mediating memory immune responses to
 M. tuberculosis in mice [18]. Finally, the roles of other type

 17-associated cytokines, such as IL-17F and IL-22, have not
 been investigated in detail, although IL-22 has been to shown

 to contribute to the human antimycobacterial response [19].

 Cytokines of the IL-1 family, especially IL- la and IL- lß, are

 important for resistance to tuberculosis, with mice deficient

 in IL- la, IL- 1 ß, and IL-1 receptors showing greater susceptibil-

 ity to tuberculosis [20, 21]. In addition, IL-18 [22] and IL- 12

 [23, 24] are both known to be crucial in immunity to M. tuber-

 culosis infection. More recently, IL-6 has been shown to medi-

 ate inhibition of disease progression [25].

 1676 • JID 2014:210 (15 November) • Kumar et al

This content downloaded from 137.187.61.43 on Wed, 06 Jul 2022 06:15:32 UTC
All use subject to https://about.jstor.org/terms



 Figure 4. Systemic levels of type 1 (interferon y [IFN-y] and tumor necrosis factor a [TNF-a]), type 1 7 (interleukin 1 7 A [IL-1 7A] and interleukin 22 [IL-22]),

 and interleukin 1 (IL-1 (-family (IL-1 ß and interleukin 18 [IL-1 8]) cytokines in 30 individuals with latent Mycobacterium tuberculosis infection concomitant

 with diabetes mellitus type 2 (LDM), 30 without latent infection and with DM (NLDM), and 30 without both latent infection and DM (NLNDM). Plasma levels

 were measured by enzyme-linked immunosorbent assay. Each circle representing a single individual, and each bar represents the geometric mean. Pvalues

 were calculated using the Kruskal- Wallis test with Dunn multiple comparisons. *P<.05, **P<.01, ***P<.001, and ****P<.0001.

 Our study on the homeostatic (or steady-state) levels of type 1

 and type 17 cytokines reveals profoundly diminished plasma

 levels of most of these cytokines during DM or pre-DM with

 coincident latent infection. In conjunction with our analysis

 that other confounding variables, such as age, sex, or lipid pro-

 file, do not influence the levels of cytokines, our data imply a

 strong predilection for impaired cytokine production in diabetic

 individuals with coincident latent infection. While DM is gen-

 erally thought to be associated with a compromised immune re-

 sponse [16], the exact nature of this immune compromise has

 not been defined previously and whether it occurs in prediabet-

 es has not been examined to our knowledge. Our data suggest

 that it is poor glycemic control (or underlying mechanisms of

 insulin resistance) that may be associated with diminished sys-

 temic levels of type 1 and type 17 cytokines. Interestingly, the

 diminished production of type 1 and 17 cytokines is associated

 with significantly lower systemic levels of the IL- 1 family of cy-

 tokines. Among the type 17 cytokines, IL-17F levels are signifi-

 cantly lower than IL-17A levels, although both share 55%
 homology. This could be due to the 2 different assays used
 for measurement. In addition, IL-22 deserves special mention

 in that it was the only cytokine measured that was present at

 higher levels in latently infected individuals with DM and

 that had levels that appeared to be positively correlated with

 HbAlc levels. In this context, it is interesting to note that IL-

 22 has been previously shown to be produced at higher levels

 in individuals with DM and to promote IL-ß-driven inflamma-

 tion in human adipose tissue [26]. To address the role of latent

 tuberculosis infection in influencing the homeostatic levels of

 these cytokines, we also compared latently infected individuals

 with 2 other control groups without latent infection (individuals

 with and individuals without DM) and demonstrated that latent

 infection, independent of DM status, is associated with in-

 creased baseline cytokine levels.

 Although we feel that the steady- state levels of important cy-

 tokines reflects quite clearly the in vivo state, to address more

 specifically the Aí. tuberculosis- driven responses, we examined

 these responses in latent infection in the presence or absence of

 DM. Our data demonstrate that antigen-specific cytokine
 production during latent infection largely reflects what was

 seen in the systemic circulation at steady state, with diminished

 Aí. tuberculosis- stimulated production of most of the type 1,

 type 17, and other relevant cytokines and that a concomitant

 increase in regulatory or type 2 cytokines was not apparent in

 the present study. Thus, the down-modulation of systemic cyto-

 kine responses during pre-DM or DM is unlikely to be due to

 increased activity of regulatory cytokines.

 Typically, DM is known to be associated with a chronic in-

 flammatory milieu, with activation of the innate immune sys-

 tem and increased production of proinflammatory cytokines

 [16]. Indeed, therapeutic strategies targeting proinflammatory

 cytokines are in clinical trials for DM [27]. Moreover, we and

 others have previously shown that DM in the context of active

 pulmonary tuberculosis is associated with an exaggerated in-

 flammatory response and with heightened levels of type 1,

 type 2, and other proinflammatory cytokines [12, 13, 28].
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 Thus, our data on the diminution in proinflammatory cyto-

 kine production both at steady state and following antigen stim-

 ulation in the context of latent infection potentially suggest a

 profound impact on comorbidity during latent infection con-

 comitant with DM. Our study also examines the important
 modulatory role played by poor glucose control and/or nascent
 or full-blown insulin resistance in latent infection and offers im-

 portant insights into the potential mechanism by which DM or

 pre-DM could influence the progression from latent infection to

 active tuberculosis. Our data support the growing body of evi-

 dence that suggests immunocompromise is an integral part of

 DM and that this compromise could have serious consequences

 in the face of intracellular pathogens that require type 1- and

 type 17-associated cytokines for resistance. While our study

 by design was cross-sectional and cannot delineate causal pa-

 rameters, it provides an impetus to perform longitudinal studies

 examining the role of immunocompromise in the progression

 from latent infection to active tuberculosis and the role played

 by poor glucose control. In a broader context, the present study

 suggests that by maintaining good glucose control, restoration

 of immune competence (with its inherent improvement in an-

 tigen-specific responses) holds promise for mediating protec-

 tion to intracellular pathogens and in the induction of the

 appropriate responses to exogenously delivered antigens though
 vaccination.
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