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Abstract Diabetes and tuberculosis are world’s most

deadly epidemics. People suffering from diabetes are sus-

ceptible to tuberculosis. Molecular link between the two is

largely unknown. It is known that Vitamin A receptor

(RXR) heterodimerizes with Vitamin D receptor (VDR)

and Peroxisome proliferator-activator receptor-c (PPARc)

to regulate Tryptophan-aspartate containing coat protein

(TACO) expression and fatty acid metabolism respectively,

so it would be interesting to check the expression of these

genes in diabetes mellitus (DM) patients which might

explain the susceptibility of diabetics to tuberculosis. In

this study, we checked the expression of RXR, VDR,

TACO and Interferon-c (IFNc) genes in type-2 DM

patients for understanding the link between the two dis-

eases. We observed down regulation of RXR gene and

corresponding up regulation of TACO gene expression. We

have not observed significant change in expression of VDR

and IFNc genes in type-2 DM patients. Repression of RXR

gene could hamper VDR-RXR heterodimer formation and

thus would up regulate TACO gene expression which may

predispose the type-2 DM patients to tuberculosis. Also,

decrease in RXR-PPARc heterodimer could be involved in

DM.
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Abbreviations

PBMC Peripheral blood mononuclear cells

RNA Ribonucleic acid

RXR Retinoid-X-receptor

TACO Tryptophan-aspartate containing coat protein

VDR Vitamin-D-receptor

Vit.D Vitamin D

WHO World Health Organization

PPARc Peroxisome proliferator- activated receptor

gamma

IFNc Interferon-c

Introduction

Diabetes mellitus (DM) and tuberculosis are major killers

of the man kind and both of the diseases are widely pre-

valent across the globe. The incidence of each is growing at

over whelming pace and is the matter of concern in the

current scenario [1]. This is particularly true for developing

countries of South East Asia and Indian subcontinent [2].

Certain segments of the population still remain at increased

risk for TB. Major risk factors for TB include poverty,

starvation, immunodeficiency diseases such as AIDS,

smoking, DM and many others [3, 4]. DM has also

emerged as a common disease of the modern world so it is
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regarded as a potential risk factor for TB [5–11]. It is

believed that diabetic patients have compromised immu-

nity, which makes them more susceptible to bacterial

infections such as tuberculosis [12, 13]. But still the

molecular link between tuberculosis and diabetes is not

clearly understood [14]. Our investigation was aimed to

understand the molecular link between DM and TB.

The maturation arrest of mycobacterial phagosome has

been shown to play a key role in the survival of pathogenic

mycobacteria within macrophages. It results from the

retention of tryptophan-aspartate-containing coat protein

(TACO) (also known as p57 or coronin-1) on phagosome

which further allows the replication of the pathogen. Pre-

sence of TACO protein on phagosomes depends on cho-

lesterol, a key factor associated with mycobacterial uptake

by macrophages. Role of TACO in maturation arrest and

tuberculosis is well understood [15, 16]. It has been shown

that VDR-RXR heterodimer regulates the expression of

phagosome coat protein TACO, a protein important for

pathogenesis of tuberculosis [17]. PPAR- c is involved in

metabolic functions like glucose/fatty acid metabolism.

VDR/Vitamin D3 play significant role in immunity against

tuberculosis [18–20].It is noteworthy that RXR forms

heterodimer with both PPAR- c and VDR for their physi-

ological functions [21] (Fig. 1). VDR, RXR and TACO are

key players in tuberculosis. It has been reported that VDR

expression decreases in pulmonary tuberculosis patients.

Therefore it can be hypothesized that RXR, VDR, &

TACO gene expression profile in diabetes may help in

understanding the molecular pathology behind the

increased predisposition of diabetes patients to tuber-

culosis.

Materials and Methods

Materials

The reagents employed throughout the study were of ana-

lytical grade. Fresh blood sample from confirmed diabetic

patient was collected just before an experiment. cDNA was

synthesized by the kit manufactured by Fermentas

(#K1622). DNA amplification was done by polymerase

chain reaction kit manufactured by Qiagen (#201203).

Primers were designed (Table 1) and synthesized by Genei,

Bangalore.

Study Population

The study population comprised of fifteen cases of patients

suffering from DM (who fulfilled the below mentioned

inclusion and exclusion criteria) and eight age and sex

matched healthy controls (Table 2). Random blood glucose

levels more than 200 mg/dl [22] and glycated Hemoglobin

(HbA1c) levels more than 8 % were taken as inclusion

criteria. Patients suffering from any disease other than

diabetes as reported by the OPD card of PGIMER, patients

Fig. 1 Schematic view: RXR heterodimerizes with PPARc and VDR

to affect fatty acid/glucose metabolism and TACO protein expression

respectively. Decrease in RXR- PPARc heterodimer is responsible for

diabetic state and increase in TACO expression is crucial for

tuberculosis. RXR-VDR negatively regulates TACO expression. For

details refer text

Table 1 Primers sequence for Interferon-c, TACO, VDR, RXR and

GAPDH genes

S.

No

Gene Primer

1 Interferon-c
(Gene ID:

3458)

Forward:

50CGTTTTGGGTTCTCTTGGCTGTT30

Reverse:

50CTCCTTTTTCGCTTCCCTGTTTT30

2 TACO (Gene

ID: 11151)

Forward:

50CCAGTGCTATGAGGATGTGCGCG30

Reverse:

50GACACGACTCGCTTGTCACGGC30

3 VDR (Gene ID:

7421)

Forward:

50GGAGACTTTGACCGGAACGTG30

Reverse:

50ATGAGGCTGAAGACGGTCAAG30

4 RXR (Gene ID:

6256)

Forward:

50GATTTCCTGCCGCTCGATTC30

Reverse:

50TACTTGGGGCAGTCGTCGTC30

5 GAPDH (Gene

ID: 2597)

Forward:

50CCGTCTAGAAAAACCTGCC30

Reverse:

50GCCAAATTCGTTGTCATACC30
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on any medication including antidiabetics, vitamins etc.

prior to one month of blood sample collection and evidence

of tuberculosis served the purpose of prompt exclusion.

Family and Medical History of Patients

All patients and healthy volunteers were of Indian origin.

They have not received any medication or Vitamin sup-

plements in last 3 months. They have not undergone any

major surgery in last 1 year. Out of 15 diabetic cases, three

had direct relatives with diabetes. two of the diabetes cases

reported blurred vision. None of the patients was diagnosed

with symptoms of nephropathy. For healthy controls, there

was no history of diabetes and tuberculosis. None of the

diabetes patients or their direct family relatives had the

history of tuberculosis.

Biological Sample Collection

5 ml of blood was collected in falcon tube containing 5 mg

EDTA, from median cubital vein of the anticubital fossa of

the patient by an experienced phlebotomist in the endo-

crinology outpatient department.

Ethical Note

The above study is cleared by Institute Ethics Committee

(Micro/2008/2564). The study has been performed

according to ethical standards as formulated in the Helsi-

niki Declaration of 1975 (revised in 1983).

Methods

5 ml of venous blood samples was drawn from proved

cases of DM patients and healthy human volunteers. Ran-

dom glucose levels were measured by glucose oxidase

method [22]. Blood samples were subjected to standard

HPLC protocol for determination of glycated hemoglobin

levels. Peripheral blood mononuclear cells were isolated

from whole blood by ficoll based density gradient centri-

fugation followed by total RNA isolation as per referred

protocol [23]. Briefly, pellet of cells was suspended in 1 ml

of denaturing solution (25 mM Sodium citrate, 0.5 %

N-lauryl sarkosine, 0.1 M 2-Mercaptoethanol, 4 M Gua-

nidium thiocyanate) followed by addition of 100 ll sodium

acetate solution (2 M, pH 4). Subsequently, 1 ml phe-

nol:chloroform reagent(5:1) pH 4.7 and 4 ll isoamyl

alcohol was added to sample to segregate DNA/proteins

and RNA into phenol phase and aqueous phase respec-

tively. The sample was then centrifuged at 10,000 rpm at

4 �C for 30 min. Upper aqueous phase was transferred to

DEPC treated eppendorf tube. RNA was precipitated by

addition of 1 ml chilled isopropanol. Further, precipitated

RNA was pelleted down by centrifugation at 10,000 rpm

for 30 min at 4 �C. RNA pellet was re-suspended in 75 %

ethanol, sedimented and vaccum dried. Latter step was

repeated twice. Pellet was vaccum dried and re-suspended

in 17 ll of DEPC treated water and incubated at 60 �C on

heat block for 10 min to dissolve RNA pellet properly in

aqueous phase. Integrity of RNA was verified by electro-

phoretic size separation in 1 % ethidium-bromide stained

agarose gel. Then, cDNA was synthesized from the isolated

total RNA using a cDNA synthesis kit as per manufac-

turer’s instructions. Subsequently TACO, VDR, RXR and

IFN-c gene expression analysis was carried out by ampli-

fication of the respective cDNA’s by gene specific primers

(Tables 2, 3). The ethidium bromide stained PCR products

were photographed and densitometry analysis of gels was

done for estimation of expression levels by the application

of SCION image analysis software. Bioinformatics data-

base ‘‘STRING’’ (Version 9.0) was further explored for

finding the potential functional and binding partners of

RXR (http://string-db.org/).

Results

In this study, we observed that in a group of diabetic

patients, there is a significant reduction of RXR gene

expression along with concomitant increase in TACO gene

expression in comparison to healthy controls. It was

reported that VitaminD3–Retinoic acid combination via

VDR-RXR heterodimer formation down regulate TACO

gene expression and can confer protection against

Table 2 Subject details (from

whom samples were collected).

The table showing basic

characters/parameters of the

human subjects participated in

the study

Age

(years)

Sex:

Male(M),

Female(F)

Fasting blood

glucose (mg/dl)

Random blood

glucose (mg/dl)

HbA1c % Ethnicity

Diabetic Patient

Cases. n = 15

25–60 M = 10 158 ± 10 220 ± 5 8.3 ± 0.25 Indian

F = 5

Healthy Volunteer

Controls. n = 8

25–60 M = 5 84 ± 7 120 ± 20 6.2 ± 0.6 Indian

F = 3
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tuberculosis [17]. Reduction in RXR gene expression can

hinder VDR-RXR heterodimer formation and thus may

lead to up regulation of TACO gene expression. So it is

expected that RXR gene repression would result in ele-

vated TACO gene expression which has been observed in

this study (Fig. 2). It is now well understood that an

increase of TACO gene expression may predispose to

tuberculosis since the persistence of M. tuberculosis within

the macrophage is TACO dependent [16]. STRING data-

base was searched for finding functional partners of RXR,

which gave significant score to VDR and PPARc (Fig. 3),

thus, supporting our proposed link. We found insignificant

change in expression of VDR and IFNc genes in diabetes

patient group in comparison to healthy controls (Fig. 2).

Discussion

With reduction in RXR gene expression, TACO gene

expression is enhanced in PBMCs of diabetic patients. It is

Table 3 PCR method used for

gene amplification
Initial Denaturation Denaturation Annealing Extension Repetitions

VDR 94 �C for 4 min 94 �C for 45 s 58 �C for 30 s 72 �C for 45 s 20 times

TACO 94 �C for 4 min 94 �C for 45 s 60 �C for 45 s 72 �C for 90 s 20 times

Interferonc 94 �C for 4 min 94 �C for 1 min 60 �C for 1 min 72 �C for 1 min 20 times

RXR 94 �C for 4 min 94 �C for 45 s 58 �C for 30 s 72 �C for 45 s 20 times

GAPDH 94 �C for 4 min 94 �C for 45 s 55 �C for 45 s 72 �C for 90 s 20 times

Fig. 2 Densitometry analysis for estimation of expression levels of

VDR, TACO, IFN-c and RXR genes in peripheral blood mononuclear

cells of diabetic patients (n = 15) in comparison to healthy controls

(n = 8)

Fig. 3 RXR functional binding partners network (www.string-db.

org/)

Fig. 4 Proposed link: If RXR expression is less then VDR would

have less RXR to heterodimerize, thus reducing the levels of VDR-

RXR heterodimer. Less RXR-VDR means more TACO expression

which is known to be involved in pathogenesis of tuberculosis (For

details, please refer text)
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apparent that reduction in RXR gene expression and

increase in TACO gene expression which has been

observed in the PBMCs of diabetic patients, can account

for the increased incidence of tuberculosis in diabetic state.

This study validates the negative regulation of TACO by

VDR-RXR heterodimer, as observed by the analysis of

gene expression in healthy controls and DM patients [24].

In the unpublished data, we have observed an increase in

TACO expression in tuberculosis patients. This further

relates with the stabilization of phagosome in tuberculosis

patients (Fig. 4).

It has been shown that VDR competes with the other

receptors like PPARc for heterodimerizing with RXR and

there can be transcriptional interference due to this com-

petition [25, 26]. This competition implies the dynamic

equilibrium between VDR, RXR, PPARc, VDR-RXR and

PPARc-RXR heterodimer. So if RXR expression goes

down, it will further limit the heterodimer formation and

thus limiting the function of VDR and PPARc. Therefore

in latter condition where RXR expression is less, the

physiological function of VDR-RXR heterodimer and

PPARc-RXR heterodimer could be compromised. It is

noteworthy that PPARc agonists are important blood sugar

lowering agent and loss of function mutation of PPARc is

known to predispose diabetes [27]. PPARc-RXR form

heterodimers that are directly involved in regulation of

transcription of genes involved in insulin action, adipocyte

differentiation and lipid metabolism [28].Therefore any

reduction in RXR gene expression will hinder PPARc-

RXR heterodimer formation which may predispose indi-

viduals to hyperglycemic state and thereby causing DM.

Also, in this study, it is shown that there is a reduction in

the VDR gene expression in the diabetic patients which is

not statistically significant. It is possible that in the back-

ground of significant RXR repression in diabetic state, a

minor decrease of VDR expression may be biologically

significant and can impede VDR-RXR heterodimer for-

mation and thus induce TACO gene expression. It may also

account for increased association of tuberculosis with

diabetic state. We have also observed that there is no sig-

nificant change in IFNc gene expression in diabetic state. It

is known that IFNc response confers protection against

tuberculosis [29] but the minor difference in IFNc gene

expression in both the groups should be physiologically

insignificant.

STRING database search also supports the proposed

link. STRING database search further provides us with

many more binding partners of RXR which could be fur-

ther explored for understanding the common pathophysi-

ology of TB and DM in near future. This study provides

insights about the plausible molecular link between DM

and TB. As DM is a complex disease, we presume that

there may be many other pathways which could be

involved in increasing the susceptibility of DM patients to

TB. Verification of the results should be done at large

sample size. Also, studies should be verified at protein

levels. Conclusions drawn from results of gene expression

analysis fit well with known facts and further research

should be done to further validate this study.
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