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Abstract

IL-20 subfamily of cytokines play an important role in both host defense mechanisms and glucose
metabolism. Since, the interaction between tuberculosis (TB) and diabetes (DM) involves both of
the above processes, we examined the association of I1L-20 subfamily of cytokines in TB-DM co-
morbidity. We examined circulating plasma cytokine levels in individuals with active TB with
(PTB-DM) or without (PTB) diabetes and also those with latent TB with (LTB-DM) or without
(LTB) diabetes. PTB-DM is characterized by diminished circulating levels of IL-19, IL-20, IL-22
and IL-24 but increased levels of IL-10. Similarly, LTB-DM was also characterized by diminished
circulating levels of IL-10, IL-19, IL-20 and IL-24 but increased levels of IL-22. Moreover, there
was a significant negative correlation of 1L-10, IL-19, IL-20, IL-22 and IL-24 levels with
hemoglobin A1C (HbA1c) levels in both PTB and/or LTB individuals. Finally, PTB is
characterized by diminished levels of IL-19, IL-20, IL-22 and IL-24 in comparison to LTB
individuals. Our data reveal that coincident diabetes in either PTB or LTB is characterized by
decreased production of the I1L-20 subfamily of cytokines and suggest that these cytokines might
play an important role in pathogenesis or protection.
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INTRODUCTION

The 1L-20 family of cytokines consists of five members: 1L-19, IL-20, IL-22, IL-24 and
IL-26 1. 2. These cytokines elicit different host defense mechanisms, especially from
epithelial cells, during a variety of infections and are also pivotal in maintenance of tissue
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integrity and homeostasis 1 3 4. They contribute to the tissue healing processes in injury or
infection and promote innate immune responses to limit damage associated with viral and
bacterial infections 1+ 22, Thus, the 1L-20 subfamily of cytokines exert profound effects on
host innate immune responses, including promoting the production of antimicrobial
peptides, strengthening barrier function at epithelial and mucosal surfaces and facilitating
recruitment of leukocytes and their activation at the site of inflammation 6-8. More recently,
these cytokines have been shown to be involved in host metabolic processes 2 10,

One of the prime examples of the interplay between infectious disease and metabolic
disorders is the intimate association of pulmonary tuberculosis (PTB) with diabetes mellitus
(DM) 11, Typically, DM is thought to increase the risk of developing active TB by 3 fold 12
and to increase the severity of disease as well as treatment failure, relapse and death 11. 13,
Despite the clinical and public health significance posed by the dual burden of TB and DM,
very little is known about the immunological and biochemical mechanisms underlying this
susceptibility. Increased susceptibility to TB in TB-DM co-morbidity could be influenced by
a variety of factors including those related directly to hyperglycemia and insulin resistance
and to those indirect effects on immune cell function 1. 13. 14 We and others have
previously shown that circulating levels of cytokines, including both pro- and anti-
inflammatory cytokines are profoundly altered in TB-DM 15-17, While PTB-DM is
associated with elevated levels of most pro-inflammatory cytokines, latent tuberculosis
(LTB) in conjunction with DM is associated with diminished circulating levels of these
cytokines 1518,

Amongst the cytokines altered in PTB-DM and LTB-DM are I1L-10 and 1L-22, two of the
cytokines belonging to the above mentioned I1L-20 subfamily 112, Moreover, IL-22 was
the only cytokine that exhibited an opposite profile to other pro- or anti- inflammatory
cytokines, in that it was increased in LTB-DM and decreased in PTB-DM 15 19,
Interestingly, IL-22 has also recently been shown to exert profound effects on insulin
sensitivity and glycemic control % 10 Therefore, we examined the panel of IL-20 subfamily
of cytokines in PTB-DM versus PTB individuals as well as in LTB-DM versus LTB
individuals. Our data show that with the exception of 1L-10 and IL-22, most of the other
cytokines examined, including IL-19, IL-20 and IL-24 are diminished in both PTB and LTB
with coincident DM.

MATERIALS AND METHODS

Ethics statement

All individuals were examined as part of a natural history study protocol approved by the
Institutional Review Board of the National Institute of Research in Tuberculosis, and
informed written consent was obtained from all participants.

Study Population

We studied a group of 88 individuals with PTB, 44 of whom had DM (PTB-DM) and 44 of
whom had no diabetes (PTB). We also studied another 88 individuals with LTB, 44 of
whom had DM (LTB-DM) and 44 of whom had no diabetes (LTB). This group of
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individuals had been previously assessed for Type 1, Type 2 and Type 17 cytokines 1. The
baseline characteristics including demographics and biochemical parameters of the study
population are shown in Table 1. PTB diagnosis was based on culture positivity of sputum
samples. Two sputum samples per subject were examined by fluorescence microscopy,
processed by the modified Petroff’s method and cultured on Lowenstein-Jensen medium.
Presence of acid-fast bacilli (AFB) in sputum smears was also documented. LTB was
diagnosed on the basis of being positive for the Mantoux skin test (induration > 12mm)
using 2TU PPD (Serum Statens Institute) and also being Quantiferon-in-Tube Gold assay
positive with no chest symptoms of TB and a normal chest radiograph 20. Type 2 DM was
diagnosed on the basis of glycated hemoglobin (HbA1c) levels and random blood glucose,
according to the American Diabetes Association criteria (all Type 2 DM individuals had
HbA1c levels > 6.5% and random blood glucose > 200 mg/dL) 21, All the individuals were
HIV negative. All individuals were anti-tuberculous treatment naive. Biochemical
parameters, including plasma glucose and HbA1c were obtained using standardized
techniques.

Plasma ELISA

Plasma cytokines were measured using ELISA, according to the manufacturer’s instructions.
The parameters analyzed were 1L-10, IL-19, IL-20, IL-22, IL-24 and IL-26. All were from
R&D Systems except IL-26, which was from eBiosciences. The threshold of detection was:
IL-10 - 3.2 pg/ml; IL-19 - 3.2 pg/ml; IL-20 - 1.2 pg/ml; IL-22 - 5.6 pg/ml; 1L-24 - 6.5 pg/ml
and IL-26 - 2.2 pg/ml.

Statistical Analysis

RESULTS

Geometric means were used for measurements of central tendency. Statistically significant
differences between two groups were analyzed using the nonparametric Mann-Whitney test.
Multiple comparisons were corrected using the Holm’s 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 and
BMI. Analyses were performed using GraphPad PRISM Version 5.01 or R Version 2.15.2.

PTB-DM is characterized by diminished circulating levels of IL-20 subfamily of cytokines

We determined the influence of DM on IL-20 the subfamily of cytokines in PTB by
measuring the circulating levels of 1L-10, IL-19, I1L-20, IL-22, IL-24 and IL-26 in
individuals with PTB-DM (n=44) or PTB alone (n=44). As shown in Figure 1, the systemic
levels of most IL-20 subfamily of cytokines — IL-19 (geometric mean (GM) of 13.33 pg/ml
in PTB-DM compared to 25.43 pg/ml in PTB), IL-20 (GM of 28.33 pg/ml in PTB-DM
compared to 35.32 pg/ml in PTB), IL-22 (GM of 10.03 pg/ml in PTB-DM compared to
31.30 pg/ml in PTB) and I1L-24 (GM of 54.66 pg/ml in PTB-DM compared to 74.44 pg/ml
in PTB) were significantly lower in PTB-DM compared to PTB individuals. Surprisingly,
only IL-10 (GM of 161.8 pg/ml in PTB-DM compared to 102.8 pg/ml in PTB) levels were
significantly higher in PTB-DM compared to PTB individuals. In contrast, IL-26 levels were
not significantly different between the two groups. Finally, multivariate logistic regression
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analysis did not reveal any effect of age, sex or BMI on the cytokine levels in the two groups
(data not shown). Thus, PTB with diabetes is associated with diminished levels of IL-20
subfamily of cytokines but enhanced I1L-10 levels at homeostasis.

LTB-DM is also characterized by diminished circulating levels of IL-20 subfamily of

cytokines

We determined the influence of DM on the I1L-20 subfamily of cytokines in LTB by
measuring the circulating levels of 1L-10, IL-19, I1L-20, IL-22, IL-24 and IL-26 in
individuals with LTB-DM (n=44) or LTB alone (n=44). As shown in Figure 2, the systemic
levels of most IL-20 subfamily of cytokines — IL-19 (geometric mean (GM) of 35.68 pg/ml
in PTB-DM compared to 48.42 pg/ml in PTB), IL-20 (GM of 36.92 pg/ml in PTB-DM
compared to 53.37 pg/ml in PTB) and IL-24 (GM of 47.72 pg/ml in PTB-DM compared to
65.27 pg/ml in PTB) were significantly lower in PTB-DM compared to PTB individuals. In
addition, 1L-10 (GM of 56.89 pg/ml in PTB-DM compared to 96.87 pg/ml in PTB)
circulating levels were also significantly lower in PTB-DM compared to PTB individuals.
Surprisingly, only 1L-22 (GM of 273 pg/ml in PTB-DM compared to 83.41 pg/ml in PTB)
levels were significantly higher in PTB-DM compared to PTB individuals. In contrast, IL-26
levels were not significantly different between the two groups. Finally, multivariate logistic
regression analysis did not reveal any effect of age, sex or BMI on the cytokine levels in the
two groups (data not shown). Thus, LTB with diabetes is also associated with diminished
levels of IL-20 subfamily of cytokines but enhanced IL-22 levels at homeostasis.

Relationship between systemic cytokines and HbA1c levels in PTB

HbALc is a very accurate indicator of the level of diabetic control, and increased values
reflect poor control 21. Since HbA1c levels have been previously shown to correlate with
Type 1 and Type 17 cytokine levels in active TB individuals 1> 17, we wanted to examine if
this relationship exists for IL-20 subfamily of cytokines as well. Thus, we assessed the
association IL-10, 1L-19, IL-20, IL-22, IL-22 and IL-24 with HbA1c levels (in %) in all the
PTB individuals with DM or no-DM in the study. As shown in Figure 3, the systemic levels
of IL-19, IL-20, IL-22 and IL-24 all exhibit a significantly negative correlation with HbAlc
levels. In marked contrast, IL-10, the only cytokine present at significantly higher levels in
PTB-DM was also the only cytokine that exhibited a significantly positive relationship with
HbA1c levels. This suggests that perturbations in the homeostatic levels of different IL-20
subfamily of cytokines in PTB is influenced by the glycemic status.

Relationship between systemic cytokines and HbAlc levels in LTB

Since HbAlc levels have been previously shown to correlate with Type 1 and Type 17
cytokine levels in latent TB individuals 19, we also wanted to examine if this relationship
exists for IL-20 subfamily of cytokines as well. Thus, we assessed the association 1L-10,
IL-19, IL-20, IL-22, IL-22 and I1L-24 with HbAlc levels (in %) in all the LTB individuals
with DM or no-DM in the study. As shown in Figure 4, the systemic levels of IL-10, IL-19,
IL-20 and IL-24 all exhibit a significantly negative correlation with HbAlc levels. In
marked contrast, IL-22, the only cytokine present at significantly higher levels in LTB-DM
was also the only cytokine that exhibited a significantly positive relationship with HbAlc
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levels. This suggests that perturbations in the homeostatic levels of different I1L-20
subfamily of cytokines in LTB is also influenced by the glycemic status.

PTB is characterized by elevated IL-10 and IL-26 but diminished circulating levels of other
IL-20 subfamily of cytokines

We wanted to assess the differences in the IL-20 subfamily of cytokines between active and
latent TB infection, independent of diabetes. To this end, we measured the circulating levels
of IL-10, IL-19, I1L-20, IL-22, IL-24 and IL-26 in individuals with PTB (n=44) or LTB
(n=44) alone. As shown in Table 2, the systemic levels of most IL-20 subfamily of cytokines
—1L-19, IL-20, IL-22 and IL-24 were significantly lower in PTB compared to LTB
individuals. In contrast, IL-10 and IL-26 levels were significantly increased in PTB
compared to LTB individuals. Thus, PTB is also associated with altered circulating levels of
IL-20 subfamily of cytokines, independent of DM.

DISCUSSION

The role of the IL-20 subfamily of cytokines is still not completely clear. While IL-22, the
most well studied cytokine amongst the family, is indispensable for host defense during
infection with extracellular pathogens (Citrobacter rodentium 22, Klebsiella pneumoniae 23
or yeast 24), IL-19, IL-20 and IL-24 are known to exert host detrimental effects during
infection with Saphyloccus aureus 2°. So, depending on the infectious context and the exact
cytokine examined, they can play a protective or pathogenic role. Type 2 DM is associated
with dysregulation in immune function with changes in the components of both the innate
and adaptive immune system including altered levels of specific cytokines and chemokines,
changes in the number and activation state of various immune cell subsets and increased
apoptosis and tissue fibrosis 26. How these alterations impact the immune response to
infections or bystander antigens remains unclear. We have previously shown that host
protective Type 1 and Type 17 cytokines are present at exacerbated levels in PTB-DM,
while being present at diminished levels in LTB-DM 1% 19, Thus, DM might play a major
role in promoting susceptibility to TB disease by altering the cytokine milieu. Therefore, we
examined the association of IL-20 subfamily of cytokines with PTB-DM or LTB-DM.

Our study on the homeostatic (or steady state) levels of 1L-20 subfamily of cytokines reveals
several major features. First, IL-10, which is known to play a important role in the host
immune response to TB 27, displays a dichotomous profile, with PTB-DM individuals
having higher levels and LTB-DM individuals having lower levels of IL-10 compared to
their respective counterparts without DM. In conjunction with the fact that IL-10 is present
at significantly higher levels in PTB compared to LTB in the absence of DM, it appears that
the predominant effect on the homeostatic levels of IL-10 in TB-DM co-morbidity is exerted
by the stage of TB infection or disease. Second, IL-22 also displays a differential profile in
PTB-DM and LTB-DM but in the opposite direction of 1L-10. The role of IL-22 in
resistance or susceptibility to TB infection/disease is still not completely clear 28, although
mouse models of infection do not indicate a major role 2°. In contrast, 1L-22 has marked
effects on metabolic processes, especially those related to insulin and glucose metabolism.
Thus, IL-22 is known to dramatically reduce blood glucose levels, alleviate hyperglycemia
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and hepatic steatosis, restore insulin sensitivity, modulate lipid metabolism and protect
against the development of metabolic syndrome © 10, Hence, the profile of 1L-22 production
in diabetes coincident with active or latent tuberculosis, suggests that 1L-22 potentially can
exert major effects on this co-morbidity, including effects on TB and DM pathogenesis,
which requires further study.

Third, all the major 1L-20 subfamily of cytokines that signal through the I1L-20 receptor
(IL-19, IL-20 and IL-24) - display exactly similar profiles in PTB -DM and LTB-DM. The
diminished production of these cytokines in both TB infection states suggests that they
might exert protective effects against TB infection and disease, although at this point the
data is merely associative. Also, of interest, IL-24 has been shown to worsen glucose
tolerance by inducing beta cell oxidative and ER stress 2, but whether IL-19 and IL-20 also
do the same is not known. Finally, IL-26, which clearly acts as a pro-inflammatory cytokine
in a variety of infectious and inflammatory settings 30 31, appears not to be modulated in
TB-DM co-morbidity. This does not rule out a role for IL-26 in host immunity against TB
since IL-26 produced by alveolar macrophages has been shown to exert antibacterial host
defense in experimental human infection locally 32. Our data also suggest that it is poor
glycemic control (or underlying mechanisms of insulin resistance) that may be associated
with the modulation of systemic levels of the IL-20 subfamily of cytokines. This is clearly
evident from the positive or negative relationship exhibited by the IL-20 subfamily of
cytokines with HbA1c levels.. Finally, the influence of DM on the homeostatic levels of
systemic levels of these cytokines appears to be independent of age, sex or BMI.

Typically, Type 2 DM is known to be associated with a chronic inflammatory milieu with
activation of the innate immune system and increased production of pro-inflammatory
cytokines33. Moreover, we and others have previously shown that DM in the context of
active pulmonary TB is associated with heightened inflammatory response and elevated
levels of Type 1, Type 2 and other pro-inflammatory cytokines 1517, In contrast, DM in the
context of latent TB is associated with a down modulated inflammatory response and
diminished levels of Type 1, Type 2 and Type 17 cytokines. This study adds to our
understanding of systemic cytokine regulation in PTB and LTB with coincident DM and
reveals interesting facets of the IL-20 subfamily of cytokines in this co-morbid state. Our
study also examines the important association of poor glucose control and/or nascent or full-
blown insulin resistance with PTB and LTB and offers important insights into the potential
mechanism by which Type 2 DM could influence the acquisition of infection or progression
from latent to active tuberculosis. Our study did not address the role of the IL-20 family of
cytokines in TB-uninfected individuals with or without DM. However, our main goal in this
study was to examine the potential impact of DM on either progression of LTB to PTB
(which was studied by contrasting responses LTB-DM versus LTB) or on PTB disease per
se (which was studied by contrasting responses in PTB-DM versus PTB). It would be
important in future studies to also examine the potential impact of DM on acquisition of
infection by contrasting LTB individuals with TB-uninfected individuals. Our study also did
not address the effect of TB treatment on the cytokine responses in PTB individuals (with or
without DM) and we plan to address this in future experiments. Our data support the
growing body of evidence that suggests immune dysfunction is an integral part of DM and
that this dysregulation could affect immunity to pathogens. While our study by design was
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cross-sectional and cannot delineate causal parameters, it does provide an impetus to
perform longitudinal studies examining the role of immune compromise in the progression
from latent to active TB and the role played by poor glucose control. In a broader context,
the present study suggests that the IL-20 subfamily of cytokine is associated with the
regulation of both host immunity and metabolic processes in the context of co-morbidity.
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Figure 1.
Diminished systemic levels of IL-20 subfamily of cytokines and increased IL-10 levels in

PTB-DM individuals. The plasma levels of IL-10, IL-19, IL-20, IL-22, IL-24 and IL-26
were measured by ELISA in PTB-DM (n=44) and PTB (n=44) individuals. The data are
represented as scatter plots with each circle representing a single individual and the bar
representing the geometric mean. P values were calculated using the Mann-Whitney test.
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Figure 2.
Diminished systemic levels of IL-20 subfamily of cytokines and increased IL-22 levels in

LTB-DM individuals. The plasma levels of IL-10, I1L-19, IL-20, IL-22, IL-24 and IL-26
were measured by ELISA in LTB-DM (n=44) and LTB (n=44) individuals. The data are
represented as scatter plots with each circle representing a single individual and the bar

representing the geometric mean. P values were calculated using the Mann-Whitney test.
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Figure 3.
Relationship between systemic levels of cytokines and HbA1c levels in PTB-DM and PTB

individuals. The relationship between the plasma levels of IL-10, IL-19, IL-20, IL-22, IL-24
and IL-26 and HbAlc levels was examined in all PTB (n=88) individuals. The data are
represented as scatter plots with each circle representing a single individual. P values were
calculated using the Spearman rank correlation.
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Figure 4.

Relationship between systemic levels of cytokines and HbAlc levels in LTB-DM and LTB
individuals. The relationship between the plasma levels of IL-10, IL-19, IL-20, I1L-22, IL-24
and IL-26 and HbA1c levels was examined in all LTB (n=88) individuals. \ The data are
represented as scatter plots with each circle representing a single individual. P values were
calculated using the Spearman rank correlation.
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Circulating levels of I1L-20 subfamily of cytokine in PTB and LTB individuals

Table 2

PTB (44) LTB (44) P Value
IL-10 | 102.8 (37.6-212.9) | 86.8 (44.1-386.8) | p=0.0255
IL-19 | 25.4(82-7065) | 48.4(21.1-383) | p<0.0001
IL-20 | 35.3(21.7-160.5) | 53.3(24.6-218.2) | p<0.0001
IL-22 | 31.3(8.7-146.9) | 83.4(16.2—-421.6) | p<0.0001
IL-24 | 74.4(31.8-498.8) | 65.2(33.6-4118) NS
IL-26 | 55.1(9.4-314.1) 145 (2.2-187) | p<0.0001

The values represent geometric means and range.
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