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A B S T R A C T

Tuberculosis (TB) is oneof themost important infectiousdiseases, causing1.8milliondeathsannuallyworldwide.
This problem has increased because of the association with human immmunodeficiency virus and diabetes
mellitus type 2, mainly in developing countries. In the past few years it has been highlighted the significance of
antimicrobial peptides in the immunopathogenesis of TB ex vivoand inexperimentalmodels studies. In this study
we analyzed the expression of CAMP,DEFA1, DEFB4, andDEFB103A in patientswith latent TB andprogressive TB
with and without comorbidity with diabetes mellitus type 2. Antimicrobial peptide gene expression increased
during progressive TB, which could be used as a biomarker for reactivation. By contrast, patients with diabetes
mellitus type 2 have lower antimicrobial peptides gene expression, suggesting that the lack of its proper produc-
tion in these patients contribute to enhance the risk for TB reactivation.

� 2011 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights

reserved.
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1. Introduction

Despite great efforts of health care systems worldwide to abolish
deaths caused by tuberculosis (TB), World Health Organization still
reports 1.8milliondeaths annually causedbyMycobacterium tubercu-
losis (Mtb), which is the causative agent of TB; the number of new
cases continues to grow, approaching 10million in 2010 [1,2]. More-
over, there is evidence that diabetes is an important risk factor for
active TB: the incidence of TB is two to five times higher in patients
withdiabetes than in thosewithout diabetes [3,4].With rising rates of
obesity and diabetes, particularly in low-income and middle-income
countrieswherehighratesofTBremain, there is concern thatdiabetes
mellitus type 2 poses a threat to global TB control.

Mycobacterium tuberculosis infection is mainly acquired by in-
halation of infecting aerosol droplets, which are dispersed by
coughing of persons with active pulmonary disease. However, the
infection infrequently progresses directly to active disease, and is
often contained as dormant or latent infection that can persist or
reactivate many years later. Tuberculosis chemotherapy can also
contain the disease, but patients remainwith latent infection that is
capable of causing disease relapse [5].

Antimicrobial peptides (AMPs) represent an important part of
the innate immunity response to several infectious diseases [6]. In
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ammals, AMPs are present mainly in phagocytic cells of the im-
une system for the killing of engulfed or invasive bacteria [7]. In
ddition to a direct antimicrobial effect, AMPs possess the ability to
odulate the immune response through a variety of mechanisms,
uch as chemotaxis, activation of immature dendritic cells, and
ytokine induction [8–10]. Over the past 2 decades, several families
f AMPs have been described as existing in many living organisms.
n human beings, there are three families of AMPs, including de-
ensins, cathelicidins, and histatins [11–13]. Although there are
everal antimicrobial peptides, only a few of them have been re-
ated to tuberculosis infection,mainly during early infection, either
n vitro or in murine models; these peptides are human �-defensin
(HBD)–2, HBD-3, human neutrophil peptide (HNP), and cathelici-
din LL-37 [14–23]. However, the expression of these peptides has
not been explored in human beings either during TB latent infec-
tion or during active tuberculosis. We sought to determine the
differential expression of LL-37 (CAMP), HNP-1 (DEFA1), HBD-2
(DEFB4), and HBD-3 (DEFB103A) during latent infection and active
pulmonary TB, and whether the comorbidity with DM2 decreases
AMPs gene expression which could lead to MTb progression.

2. Subjects and methods

2.1. Subjects recruitment and stratification

Total populations of 60 adults of both genders, 22 to 65 years of

age, were enrolled in this study under a strict clinical and labora-

and Immunogenetics. Published by Elsevier Inc. All rights reserved.
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tory criteria. Subjects were stratified mainly into two groups. The
first group comprised patients diagnosed with diabetes mellitus
type 2 (DM2); the other group comprised individuals without dia-
betes mellitus type 2 (NoDM2). Individuals with DM2 were re-
cruited according to fasting plasma glucose levels of at least 126
mg/dl, and randomplasma glucose of at least 200mg/dl and 2-hour
plasma glucose of at least 200 mg/dl during an oral glucose toler-
ance test. All individuals also had no evidence of another specific
type of diabetes, and all patientswere non–insulin dependent. Only
patients with known disease duration of �1 year according to
linical files and recent HbA1c � 7.0% were enrolled [24], Each
roup was subdivided into three clinical groups of 10 individuals
ach, according to their tuberculosis infection status: (1) subjects
ot infectedwithMycobacterium tuberculosis (control subjects); (2)
ubjects with latent TB infection (LTB); and (3) subjects with pro-
ressive TB (PTB) (Fig. 4). Approval to perform venipunctures was
iven by the Institutional boards at the Mexican Institute for Social
ecurity (IMSS) and the General Hospital #1 of Zacatecas. Written
nformed consent was obtained from all study participants accord-
ng to the guidelines of the National Committee of Ethics at IMSS.

.2. Inclusion and exclusion criteria

After the written informed consent was obtained from each
atient, according to the Declaration of Helsinki, each subject was
nterviewed, examined clinically, and a chest radiograph was ob-
ained. To determine progressive tuberculosis, sputum samples
ere collected for acid-fast bacilli (AFB) smear and M tuberculosis
ulture tests. Broncheoalveolar washing specimen was obtained in
hose subjects unable to expectorate. In the case of M tuberculosis
ulture or AFB smear tests being negative in individuals suspected
f having active TB, an additional M tuberculosis polymerase chain
eaciton (PCR) IS 6110 test was considered for diagnosis. Subjects
ere included in the NoDM2-PTB or in the DM2/PTB group only
hen at least two of the three testsmentioned abovewere positive.
or latent infection in patients with or without DM2 diagnosis, the
utaneous test for tuberculin (TST) was conducted using the Man-
oux method, using Tuberculin Purified Protein Derivative TUBER-
OL (5 TU/0.1 ml; Senofi-Pasteur, Toronto, Ontario, Canada), and
he in vitro T-cell interferon-� (IFN-�) release assay QuantiFERON
TB-Gold test (Cellestis, Victoria, Australia) were used in accordance
with manufacturers’ guidelines. For the anergy test, Candidine (In-
dre, Mexico City, Mexico) (1:1000, 0.1 ml) was administered by
intradermic injection into the foreside of the forearm. The size (in
millimeters) of induration was recorded. Healthy individuals
(DM2/control NoDM2/Control) were enrolled if they showed no
clinical diseasemanifestation, negative TST, negative QuantiFERON
TB-Gold test, or positive candidine test and without diagnostic for
DM2. For the DM2/Control group, the same criteria were taken as
those for noDM2/control group. All inclusion and exclusion criteria
are summarized in Fig. 4.

.3. Sample collection, RNA isolation, and reverse transcription

Peripheral blood was drawn directly in two to three PAXgene
ubes (PreAnalytix, Hombrechtikon, Switzerland). After mixing the
lood by inverting 10 times, PAX tubes were left at room tempera-

Table 1
Sequence of primers and taqman probes used for RT-qPCR assays

Gene name Peptide Probe sequence R

DEFA1 HNP-1 CAG GAG AA T
DEFB103A HBD-3 CTG CCT TC G
DEFB4 HBD-2 TGT GGC TG G
CAMP LL-37 TCC AGG TC G
HPRT HPRT GCT GAG GA C
HBD, human beta-defensin; HNP, human neutrophil peptide; HPRT, hypoxanthine-guani
ure for 2 hours, then stored at �20�C overnight and after that at
80�C until use.
Total RNAwas extracted and purified using PAXgene Blood RNA

it, and contaminating DNA was removed by on-column DNase
igestion according the manufacturer’s directions (PreAnalytix,
ombrechtikon, Switzerland). RNA content and purity were deter-
ined by measuring the absorbance at 260 nm and 280 nm, using
anoDrop ND-1000 Spectrophotometer (Thermo Scientific, Wil-
ington, DE, USA). Total RNA was enriched and concentrated by
liminating of tRNA, 5S rRNA and 5.8 rRNAmolecules using RNeasy
iniElute CleanUp System (Qiagen, Mexico City, Mexico). Then, 2

�g of enriched RNA was treated to remove the majority of un-
anted globin mRNA from whole-blood total RNA using GLOBIN-
lear Human System (Ambion, Applied Biosystems, Victoria, Aus-
ralia), in accordance with the manufacturer’s instructions. To
enerate cDNA, 250 ng of globin transcripts-free RNA was reverse
ranscribed using random and oligo dT primers and SuperScript II
everse Transcriptase (Invitrogen, Carslbad, CA, USA).

.4. Gene expression analysis determined by real-time PCR

Real-time PCRwas performed using the Light Cycler 2.0 (Roche,
anheim, Germany), Light Cycler Taqmanmastermix, and the spe-
ific probe for each gene selected from the Universal Probe Library
Roche, Germany). All primers were designedwith Universal Probe
ibrary software from Roche (Table 1). The relative expression of
ach sample was calculated using humanmRNAHPRT as reference
ene in all experiments and the ��CT method as described previ-
usly [25]. Thismethod is based on the expression levels of a target

gene (AMPs) versus one reference gene (HPRT) for comparison
between the control group and target group.

2.5. Statistical analysis

Normality of the data from the reverse transcription–quantita-
tive polymerase chain reaction (RT-qPCR) assays were analyzed
using a Kolmogorov–Smirnov normality test for each data set. Once
done, the nonparametricmultiple comparison test of Kruskal–Wal-
lis was used to identify differences among groups. In the case of
statistical significance (p � 0.05), a Dunn post test was performed
to identify such differences. For the analysis of the clinical charac-
teristics of the individuals, normality was verified using the same
test, after which a nonparametric multiple comparison test of
Kruskal–Wallis was used to identify differences among groups.
Two-sided p values of �0.05 were considered statistically signifi-
cant. Statistical analyses were performed by the GraphPad Prism
software forWindows (GraphPad Software version 5.02; SanDiego,
CA).

3. Results

3.1. Individual clinical data analysis

To rule out the possibility that any clinical variant besides Tb or
DM2might interferewith the production of antimicrobial peptides,
the main clinical parameters were compared between groups (Ta-
ble 2. Age comparisons among the different groups did not show
statistical difference (p � 0.067). Hemoglobin and cholesterol lev-

rimer Left Primer

G GTAGAT GCA GGT TC CTT GGC TCC AAA GCA TCC
C TTG CCG ATC TGT TC CAG AAA TAT TAT TGC AGA GTC AGA GG

GA GCC CTT TTC TGA ATC GTC TCC CTG GAA CAA AAT GC
G GTC CCC ATC CAT TCG GAT GCT AAC CTC TAC CG
A AGA CGT TCA GTC CT TGA CCT TGA TTA TTT TGC ATA CC
ight p

CC CT
AG CA
AG G
TC TG
GA GC
ne phosphoribosyltransferase.
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els were similar between the different groups showing non-statis-
tical significance (p � 0.0346 and p � 0.1676, respectively). Never-
theless, triglyceride levels were higher in DM2 patients, with a
statistical difference between groups (p � 0.0024).

As expected, there were differences among the different
roups in parameters related to tuberculosis, such as PPD,
r to DM2, such as glucose levels. Noteworthy, in the
M2 group, there was no difference in the time of evolution of
his disease.

Fig. 1. Differential expression of antimicrobial peptides of patientsNoDM2.Analysis

Table 2
Clinical characteristics of study population

No DM2

Control group
(n � 10)

LTB
(n � 10)

PTB
(n � 10)

Age (y) 33.67 � 13.19 38.3 � 13.7 42.11 � 1
Gender (Male/Female) 8/2 1/9 4/6
PPD (mm) 3.7 � 3.28 16.1 � 5.52 NA
Hb (g/dl) 15.7 � 1.7 14.4 � 1.5 13.9 � 2
M2 evolution (y) NA NA NA
lucose (mg/dl) 86.6 � 6.9 91.3 � 6.9 87.1 � 1

Cholesterol (mg/dl) 186 � 12.4 183.2 � 43.2 174.6 � 3
riglycerides (mg/dl) 149.9 � 100.2 109.4 � 31.8 114.2 � 4

Hb1ac (%) — — —
moking habit 4/10 5/10 6/10
lcoholism 0/10 0/10 0/10
rterial hypertension 1/10 0/10 0/10

M2, type 2 diabetes mellitus; Hb, hemoglobin; Hb1ac, glycated hemoglobin; LTB
rogressive pulmonary tuberculosis.
ata shown as median � SD; normality of the data was checked with a Kolmogorov

aStatistically significant difference for a non-parametric Kruskal–Wallis multiple co
atent tuberculosis (TB) (LTB) and progressive TB (PTB) by real time RT-PCR. Data are
ruskal–Wallis test. In each experimental group, n � 10. *p � 0.05, **p � 0.01, ***p � 0.00
.2. Differential expression of antimicrobial peptides in NoDM2
ubjects

Quantitative analysis of CAMP gene expression from blood
amples determined by real-time PCR revealed that there was no
ignificant difference between the healthy subjects and the la-
ently infected group. A significant increase of CAMP expression
as seen in progressive tuberculosis than in LTB or healthy
ubjects (p � 0.01 and p � 0.001, respectively) (Fig. 1A). When
EFA1 gene expression was analyzed, there was statistical sig-

etic expression of (a) CAMP (b), DEFA1 (c), DEFB4, and (d)DEFA103A inbloodduring

DM2 p Value

Control group
(n � 10)

LTB
(n � 10)

PTB
(n � 10)

55.9 � 6.62 52.7 � 6.1 59.8 � 5.6 0.067
4/6 3/7 3/7 —

0 � 0 22.1 � 6.2 NA � 0.0001a

15.2 � 2.5 14.4 � 1.2 12 � 2.5 0.0346
11.8 � 7 7.6 � 4.9 14.5 � 11.8 0.2142

231.1 � 98.1 172.4 � 71.3 176.3 � 67.4 � 0.0001a

200.8 � 41.5 208.4 � 55.7 139.6 � 39.2 0.1676
229.7 � 61.5 179.6 � 86.9 115 � 45.4 0.0024a

7.7 � 1.18 6.51 � 1.84 6.2 � 0.11 0.1713
3/10 5/10 1/10 —
0/10 0/10 0/10 —
5/10 5/10 0/10 —

t tuberculosis infection; NA, not applicable; PPD, purified protein derivative; PTB,

rnov normality test.
isons test.
of gen
4.25

.8

8
9
4.5

, laten
represented as median with interquartile range. Statistics were calculated by
1 compared with control group.
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nificance only between the PTB and the control group (p �
0.001), though there was a difference between LTB and PTB, this
was not statistically significant (Fig. 1B). DEFB4 gene expression
was very high in the PTB group, showing significant difference
with the LTB group and control subjects (p � 0.01 and p � 0.001,
espectively) (Fig. 1C). Similar results were obtained with
EFB103A gene expression (Fig. 1D).

.3. Differential expression of antimicrobial peptides in DM2 subjects

Patients with DM2 have greater susceptibility to develop TB
3,4]; therefore we sought to determine whether in patients either
ith latent infection or with progressive or active TB, the main
ntimicrobial peptides gene expression was affected in blood sam-
les. When CAMP gene expression was analyzed by RT-qPCR,
reater fold changes were seen only in PTB group; some of these
atients reach fold changes of 80 (Fig. 2A), showing statistical
ignificance when these were compared with those in the LTB
roup (p � 0.01). DEFA1 gene expression analysis showed that
xpression was augmented only in the PTB reaching fold changes
60 (Fig. 2B) and showing statistical significance when compared

with control group and LTB group (p � 0.05 and p � 0.001, respec-
ively). Comparable results were seenwith the DEFB4 gene expres-
ion (Fig. 2C), PTB group showed significant higher levels when
omparedwith the control group (p � 0.001) or with the LTB group
p � 0.05). Finally, in this DM2 group, DEFB103A did not show
ifference among control group, LTB and PTB (Fig. 2D).

.4. DM2 affects antimicrobial peptide expression during Tb
nfection

Because most of the antimicrobial peptides analyzed in this
tudy are highly expressed during PTB either in DM2 or in NoDM2

Fig. 2. Differential expression of antimicrobial peptides of patients DM2. Analysis o
DM2with latent TB (LTB) and progressive TB (PTB) by real-time RT-PCR. Data are rep
test. In each experimental group, n � 10. *p � 0.05, **p � 0.01, ***p � 0.001 compar
ubjects, we compared whether, in patients with PTB, the fact of
omorbidity with DM2 decreased antimicrobial peptides gene ex-
ression through the comparison between each NoDM2 group
gainst its counterpart in theDM2group.WhenCAMPgene expres-
ion was analyzed between the DM2 and NoDM2 groups, all the
M2 subgroups showed significant lower CAMP gene expression
hen comparedwith theNoDM2group (p� 0.001) (Fig. 3A).When
EFA1 gene expression was analyzed, we found differences only
etween the DM2-LTB and NoDM2-LTB individuals (Fig. 3B); the
ther groups did not show statistical difference, while DEFB4 and
EFA103A showed similar gene expression (Fig. 3C, 3D, respec-
ively) in all subgroups. When were compared NoDM2 control
roup with DM2 control group, NoDM2-LTB with DM2-LTB and
oDM2-PTB with DM2-PTB all showed similar statistical signifi-
ance (p � 0.001).

. Discussion

In the last few years, it has been documented the importance of
ntimicrobial peptides in the immunopathogenesis of TB
6,14,15,17–20,26–29]. In fact, some authors suggest that catheli-
idin might be a key molecule for the control of TB during the
rimary infection [6,16,17,26], whereas other studies suggest that

�-defensins are the main molecules used by epithelial cells to
eliminate bacteria and avoid invasion [19–20]. By contrast, as nat-
ural killer cells, �� T cells, CD8� T cells, and neutrophils actively
participate duringM tuberculosis infection by controllingmycobac-
teria growth, and all of these cells produce HNP-1 [18,27,30–33],
ome authors have suggested HNP-1 as a potential molecule to
liminate mycobacteria [21-23,34-36]. However, it is quite possi-

ble that all AMP work together to eliminate mycobacteria during
primary infection by their direct antimicrobial effect and immuno-
regulatory activities. Moreover, it has been suggested that �-de-

tic expression of (a) CAMP (b) DEFA1, (c) DEFB4, and (d) DEFA103A in blood during
ted asmedianwith interquartile range. Statisticswere calculated by Kruskal–Wallis
th control group.
f gene
resen
fensins could contribute to maintain latent infection [19,28]. Thus,
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we analyzed antimicrobial peptide differential gene expression in
blood cells from patients with active TB compared with those in
subjects with latent infection, themain antimicrobial peptide gene
expression in comparisonwith that healthy individuals. It is impor-
tant to mention that the subject recruitment was carried out with
very strict inclusion and exclusion criteria, without any clinical
parameters that indicated significant differences among the
groups; thus all findings of the gene expression analysis should be
due to TB infection instead of to some other clinical entity. Because
hypoxanthine phosphoribosyltransferase plays a central role in
the generation of purine nucleotides through the purine salvage
pathway, we sought to determine whether this reference gene
expression was altered in diabetic individuals. Our CP analysis
according to a method previously reported [25] of analysis refer-
nce genes between groups showed no statistical difference (data
ot shown); thus HPRT gene expression between groups was not a
actor for variations during gene expression analysis.

CAMP gene expression was only significantly augmented in the
roup of progressive TB, whereas in latent TB was similar to the
ontrol group. In previous studies, we had similar results inmurine
odels with progressive disease and latent infection; high produc-

ion of CRAMP (Cathelicidin-Related Antimicrobial Peptide), which
s the ortholog of human cathelicidin, was seen during the late
hase of progressive disease, whereas in the latent infectionmodel
RAMP did not change [26].
Our results also agree with those of other investigators, who

ave demonstrated high concentrations of cathelicidin in serum
rom patients with acid-fast bacilli sputum smear–positive [29].
The association between blood sample cathelicidin gene expres-

Fig. 3. DM2 downregulation expression of antimicrobial peptides during latent tub
(d) DEFA103A by real-time RT-PCR. Data are represented as median with interquar
n � 10. *p � 0.05, **p � 0.01, ***p � 0.001 compared with control group.
sion and clinical signs of disease severity and immune activation in
B patients suggests that cathelicidin gene expression levels may
erve as a marker of systemic immune activation and the inflam-
atory milieu of the host. Cells of the immune system, such as
eutrophils andmonocytes, are known sources of cathelicidin [18];
hus, elevation of peripheral leukocytes in the setting of infection
ay lead to higher circulating concentrations of cathelicidin.
Both HNP-1 and HBD-3 peptides showed gene expression in

atent infection similar to that in the control group; nevertheless,
uring active infection a considerable increase was seen. As in
athelicidin, these may be related to the increase of cell counts
uring infection.
Regarding HBD-2, higher levels were detected during latent

nfection, which correlates with our previous results in a murine
odel of chronic infection similar to latent infection [19,28], sug-
esting that perhaps this kind of peptide contributes to maintain
ormant bacilli. In agreement with our previous results in an ex-
erimental mouse model, we expected an important decrease of
his peptide during progressive infection [19]. However, a slight
BD-2 expression decrease was seen during progressive TB in
omparison with latent infection. This difference could be ex-
lained because in the experimental murine model, mRNA was
solated from the lung, where epithelial cells are themain �-defen-
sin-2 source, whereas in the bloodstream this defensin is rarely
expressed by some phagocytic cells [20,37].

It has been documented that particularly in low-income and
middle-income countries where high rates of TB remain, DM2 is a
main risk factor for developing active TB [4]. Thus, we sought to
determine whether antimicrobial peptide gene expression in DM2
patients, either with latent TB or with progressive TB, behaves

sis infection. Analysis of genetic expression of (a) CAMP, (b) DEFA1, (c) DEFB4, and
nge. Statistics were calculated by Kruskal–Wallis test. In each experimental group,
erculo
similarly to that in patients exclusively with TB infection. Our
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results showed the same pattern of CAMP, DEFA1, and DEFB103A
gene expression in NoDM2 patients than in DM2 patients. These
results may suggest that these antimicrobial peptides, mainly
cathelicidin, could be used as a biomarker to indicate TB progres-
sion in bothDM2andNoDM2patients. Intriguingly, levels of DEFB4
were lower inDM2 individualswith latent infection than inNoDM2
patients, which may suggest that these patients could be more
susceptible to developing active TB, as previous experimental re-
sults suggest that �-defensin-2may contribute tomaintain latency
[19,28], probably by the binding and inactivation of ftsZ factor, a
crucial protein involved in the control of bacterial proliferation
[19,28]. Thus, it is plausible to propose that the lower HBD-2 pro-
duction in DM2 patients could contribute to TB progression, also
facilitating dormant bacilli reactivation, as these patients do not
have a proper DEFB4 expression.

Another interesting finding was the lower expression of all the
AMP studied in DM2, either in the LTB or in the PTB group, com-
pared with the NoDM2 TB groups, suggesting that this could be a
factor contributing to the high risk of diabetic patients developing
TB, particularly reactivation of latent infection.

A potential limitation of the current study is the low number of
individuals per group. Nevertheless, the inclusion and exclusion
criteria were strict in selecting each individual from each group.
Even when we considered that our groups represented true PTB,
latent-infected and noninfected individuals, to evaluate the suit-
ability of antimicrobial peptides as biomarkers, further studies
with a higher number of individuals are needed.
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