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Host susceptibility to tuberculosis: insights from a longitudinal
study of gene expression in diabetes

Hui-Qi Qu1,*, Anne R Rentfro2, Yang Lu1, Saraswathy Nair3, Craig L Hanis4, Joseph B
McCormick1, and Susan P Fisher-Hoch1,*

1Division of Epidemiology, Human Genetics and Environmental Sciences, Brownsville Regional
Campus, University of Texas School of Public Health, Brownsville, Texas, USA
2College of Nursing, University of Texas at Brownsville, Brownsville, Texas, USA
3Department of Biological Sciences and Center of Biomedical Studies, University of Texas at
Brownsville, Brownsville, Texas, USA
4University of Texas Health Science Center, School of Public Health, Human Genetics Center,
Houston, Texas, USA

Abstract
Tuberculosis (TB) remains a major global disease, and diabetes which is documented to increase
susceptibility to TB threefold, is also becoming pandemic. This susceptibility has been attracting
extensive research interest. The increased risk of TB in diabetes may serve as a unique model to
understand host susceptibility to specific pathogens in humans. To examine this rationale, we
investigated expression of reported TB candidate genes in a longitudinal diabetes study. Two
genes HK2 and CD28 emerged as potential culprits in diabetes-increased TB susceptibility.
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Tuberculosis (TB) control is a major health issue in Low and Middle Income Countries
(LMIC). Diabetes triples the risk of TB by predisposing to both primary and reactivation TB
(1–2). The sheer number of people with diabetes is vastly larger than those infected with
HIV. Diabetes is set to become the major global driving force for spread of TB and threatens
TB control(3). Understanding the molecular mechanisms of host susceptibility to TB is an
important knowledge gaining process, for the ultimate aim of improving control of this
stubborn disease. Genetic association studies (GAS), especially the rise of genome-wide
association studies (GWAS) in recent years, have been a great success in acquiring new
understanding of human common diseases. However, in the case of tuberculosis, results
from GAS tend to lack replicability. A recent, well-designed GWAS study using specimens
from two large cohorts identified a genetic association signal from a gene-poor region(4).
However, genetic associations previously reported from candidate gene studies were not
replicated with statistical significance. Host susceptibility to TB in these studies was largely
defined by the pathogenesis and virulence of the bacilli, and the intensity of exposure. Other
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significant confounding factors include aging, diabetes status, HIV infection, nutritional
status, and administration of immunosuppressive drugs. Therefore, much more research
effort and support is justified for understanding the contribution of host genes to the
susceptibility to TB. The fact that TB is a major health issue mainly in Low and Middle
Income Countries (LMIC) increases the difficulty in obtaining substantial support for TB
GAS research.

To understand the molecular mechanisms underlying the risk of TB in diabetes and to
develop a unique model for these studies we investigated expression of reported TB
candidate genes in a longitudinal diabetes study within our Cameron County Hispanic
Cohort (CCHC: n=2500) consisting of community-recruited, randomly-selected Mexican
Americans from a population on the US/Mexico border where we find high rates of both
diabetes and tuberculosis. In this same population we have shown that about 30% of TB
cases can be attributed to diabetes(5). We followed up 9 CCHC individuals (3 males and 6
females, age range from 32 to 74 years of age with the median of 57) from impaired fasting
glucose (pre-diabetes: fasting blood glucose 100–126 mg/dl) to frank clinical diabetes
(fasting blood glucose >126 mg/dl). We performed quarterly visits over three years at which
clinical status was reviewed and blood specimens taken. The study was approved by the
Committee for the Protection of Human Subjects of the University of Texas Health Science
Center at Houston (UTHealth), and written informed consent was obtained from each
participant.

Gene expression in white blood cells taken at each quarterly visit was profiled using the
Illumina HumanHT-12 Beachip (Illumina, San Diego). We observed expression profiles of
RNA samples that were mainly clustered by individual, not by disease status, as shown by
the principal component analysis. Because of the individual variance, we performed the
statistical analysis by pairwise Z test(6) to compare expression levels in prediabetes with
diabetes for each individual.

Two sets of TB candidate genes were examined respectively. The first set was 22 TB
candidate genes highlighted by previous genetic studies(4). Eight genes were undetectable in
our assay and there was no statistical significance in gene expression observed among the
remaining 14 genes (Supplementary Table 1). The second set was 312 genes recently
identified as the blood transcriptional signature of human tuberculosis by Berry et al.(7)
Forty-five of these genes were undetectable in our assay. Among the remaining 267 genes,
13 were identified as having nominal statistical significance (P<0.05). After correction for
the multiple comparisons with the Benjamini and Hochberg False Discovery Rate (FDR)
using QVALUE software(8), two genes HK2 and CD28, were identified as having
statistically significant reduction in expression in all nine participants as they transitioned to
diabetes (Supplementary Table 2). As shown in Fig.1, the dramatic and consistent individual
variance of both genes highlighted the robust design of this longitudinal study. Compared
with pre-diabetes status, the expression of both genes in diabetes decreased in each
individual without exception (HK2: P=9.91×10−6, q value=3.19×10−3; CD28: P=1.89
×10−4, q value=3.05×10−2).

The gene HK2 encodes hexokinase 2 which is a critical mediator of aerobic glycolysis.
Aerobic glycolysis is the unique energy source for macrophages. Roles for HK2 in the
development of insulin resistance and diabetes have been demonstrated in experimental
studies(9). Decreased expression of HK2 may impair macrophage function, thus increasing
the risk of tuberculosis. The gene CD28 encodes T-cell antigen CD28. Th1 response plays a
key role in activating macrophages in immunity against TB. After phagocytizing Mtb,
proinflammatory macrophages present mycobacterial antigens to the T cell receptors (TCR)
on the surfaces of CD4+ T lymphocytes. With the co-stimulation by IL-12, mycobacterial
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antigens activate naïve CD4+ T cells and induce the generation of Th1 cells. In this process,
the activation of T lymphocytes by the TCR complex after antigen recognition requires the
co-stimulation by CD28(10). Decreased CD28 expression in diabetes may thus impair CD4+

T-cell activation and the Th1 response, thus increase TB susceptibility.

The pandemic of diabetes has become a major global driver of TB. Understanding the
diabetes-caused susceptibility of TB will enable more precise and therefore more efficient
prevention and treatment of diabetes-associated TB. We highlight two molecular
mechanismsrepresented by HK2 and CD28 in our longitudinal diabetes study. We are
pursuing additional molecular mechanisms in our continuing studies of transition to
diabetes. We acknowledge the small sample size of this report. Our continuing studies will
not only increase our sample size but repeat our findings using more sensitive technology
for mRNA quantification to achieve a degree of accurate quantification and assess
reproducibility across a larger sample. In addition to the risk of TB from diabetes, we
suggest that the study of the risk of TB from diabetes at the level of gene expression may be
able to serve as a robust and accessible model for understanding the mechanisms of host
susceptibility to TB. These host gene interactions are otherwise extremely difficult to study
in humans.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
The expression of HK2 (a) and CD28 (b) in each participant. These are the semi-
quantification results after data normalization. Obvious variations were observed among the
different individuals, which was concordant with our PCA finding of the whole
transcriptome profiles. However, compared with pre-diabetes status, the expression of both
genes in diabetes decreased in each individual without exception.
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