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Tuberculin skin test and interferon-gamma release assay values
are associated with antimicrobial peptides expression in
polymorphonuclear cells during latent tuberculous infection
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1t has been reported that patients with progressive tuberculosis (TB) express abundant amounts of the antimicrobial
peptides (AMPs) cathelicidin (LL-37) and human neutrophil peptide-1 (HNP-1) in circulating cells, whereas latent TB
infected donors showed no differences when compared with purified protein derivative (PPD) and QuantiFERON®-TB
Gold (QFT)-healthy individuals. The aim of this study was to determine whether LL-37 and HNP-1 production corre-
lates with higher tuberculin skin test (TST) and QF T values in TB household contacts. Twenty-six TB household contact
individuals between 26-58 years old TST and QFT positive with at last two years of latent TB infection were recruited.
AMPs production by polymorphonuclear cells was determined by flow cytometry and correlation between TST and
OFT values was analysed. Our results showed that there is a positive correlation between levels of HNP-1 and LL-37
production with reactivity to TST and/or QFT levels. This preliminary study suggests the potential use of the expression
levels of these peptides as biomarkers for progression in latent infected individuals.
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Mycobacterium tuberculosis (Mtb) is a pathogen that
may cause either progressive disease or latent infection in
humans. Household contacts of pulmonary tuberculosis
(TB) patients are at high risk of Mtb infection and early
disease development (Fox et al. 2013). Intriguingly most
of the household patients develop latent TB instead, which
is clinically asymptomatic, however a percentage of them
develop progressive disease afterwards. Albeit the risk to
develop active TB is higher in household contacts, does
not exist any biomarker for progression. The use of the
tuberculin skin test (TST) and interferon-gamma (IFN-v)
release assays to diagnose latent TB infection has been
established and validated in large studies, which observed
that persons with a positive values for these tests had a
higher risk of developing active TB compared with nega-
tive-value persons (Fox et al. 2013). The QuantiFERON®-
TB Gold (QFT) is one such IFN-y release assay com-
mercially available, which has been adopted by many
countries as an alternative to TST or as part of a two-step
approach which uses both tests. QFT-In Tube (QFT-IT)
uses early secreted antigenic target 6 (ESAT-6), culture
filtrate protein 10 (CFP-10) and antigen 7.7 of Mtb as stim-
uli to determine if T cells in whole blood are sensitised to
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such antigens thus indicating prior exposure and/or evi-
dence of latent TB infection (Bakir et al. 2008).

Antimicrobial peptides (AMPs) represent an impor-
tant part of the innate immunity, furthermore they are
considered as a link with adaptive immune response in
several infectious diseases such as TB (Hancock et al.
2012, Rivas-Santiago et al. 2013). Polymorphonuclear
leukocytes (PMN) bear a huge amount of AMPs mainly
human neutrophil peptide-1 (HNP-1) and cathelicidin
(LL-37) which are released both for direct antimicrobial
activity and for immunomodulatory functions (Cederlund
et al. 2011). During their journey from the blood stream to
sites of inflammation PMN release wide panoply of gran-
ule proteins including AMPs which altogether allow di-
rect activation and subsequent migration of monocytes. In
addition, AMPs granule proteins exert direct chemotactic
effects, a mechanism which is of special importance in the
early recruitment of inflammatory monocytes and initial
activation of antigen specific CD4" T cells (Soehnlein et
al. 2009, Blomgran & Ernst 2011).

Previous studies by our group have shown that pa-
tients with progressive TB express abundant amounts of
LL-37 and HNP-1, whereas latent TB infected donors
showed no differences when compared with purified
protein derivative (PPD) and QFT-healthy individu-
als (Gonzalez-Curiel et al. 2011). Since it has been re-
ported that QFT and TST conversion is indicative of an
approximately eight fold higher risk of progression to
TB disease (compared with non-converters) in a high-
TB burden population (Diel et al. 2012, Machingaidze
et al. 2012, Trajman et al. 2013); we sought to determine
whether LL-37 and HNP-1 production correlates with
higher TST and QFT values in TB household contacts.
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SUBJECTS, MATERIALS AND METHODS

Subjects - This study was approved by the Ethical
and Scientific Committees of the Mexican Institute
of Social Security (R-2008-3301-15). Twenty-six TB
household contact individuals between 26-58 years old
were recruited between March-June 2012. TB house-
hold contacts included individuals with no TB diagno-
sis confirmed who lived in the same household as the
index case or visited the house at least once per week,
adding a total cumulative indoor exposure with shared
air of at least 40 h within the three months prior to the
index case diagnosis to maximise the identification of
possibly infected contacts. Contacts were first visited
and interviewed between March-December 2010 (1-37
months after the index case was diagnosed) using a
standardised questionnaire. Thus TST and QFT posi-
tive individuals on the present study had at least two
years of presumable latent TB infection. To discard ac-
tive TB infection, contacts were submitted to clinical
examination, including sputum culture. None of the
patients had any systematic or autoimmune disease,
neither steroids nor other hormone therapy. All patients
were human immunodeficiency virus negative. Writ-
ten informed consent was obtained from each volunteer
prior to blood sample drawing.

TST and QFT-IT - All blood samples for QFT-IT as-
says and flow cytometry analysis were drawn before the
application of the skin test. Each TST was performed by
intradermal injection of five tuberculin units of PPD TU-
BERSOL (Aventis Pasteur Ltd, Canada) into the forearm
using the Mantoux technique. Reactions were evaluated
48 h after injection, with a positive result defined as an
induration of > 10 mm in the transverse diameter read
by medical trained personnel. The ELISA-based QFT-IT
assay (Cellestis Inc, Valencia, CA, USA) was performed
in two stages, according to the manufacturer’s instruc-
tions. Briefly, 1-mL aliquots of blood were drawn di-
rectly into three blood collection tubes, one containing
(negative control), one containing T cell mitogen (posi-
tive control) and one containing Mtb-specific antigens,
including ESAT-6, CFP-10 and TB7.7 (TB-antigen tube).
Following overnight incubation, 200 pL of plasma were
removed from each tube and the concentration of [FN-y
was determined by ELISA (Cellestis Inc), with a positive
response defined as a TB antigen-nil IFN-y concentra-
tion > 0.35 IU/mL. The individuals were categorised into
two groups according to their reactivity to QFT, mean-
ing as positive or negative to the test.

Cell purification - Blood samples were processed in
a time frame no longer than 2 h after blood drawing.
Polymorphonuclear cells were isolated from peripheral
blood by using Ficoll-Paque PLUS (GE Healthcare, Upp-
sala, Sweden) and lysis buffer with ammonium chloride.
Once isolated, cells were washed twice with sterile
phosphate buffer saline and their number and viability
was determined by direct counting and by trypan blue
exclusion assay. Purity of polymorphonuclear cells was
determined by flow cytometry (> 90%).

Analysis of AMPs by flow cytometry - AMPs pro-
duction by polymorphonuclear cells was determined
as follows: 2 x 10° cells were treated with fixation and
permeabilisation solution (BD Pharmigen, San Jose,
CA, USA). The cells were then washed with perm/wash
buffer (BD Pharmigen) and incubated with a goat anti-
LL-37 polyclonal antibody (Santa Cruz Biotechnology,
Santa Cruz, CA, USA) or goat polyclonal anti-HNP-1
antibody (Serotec, Oxford, UK). The detection of these
antibodies was made with a rabbit polyclonal anti-goat
labelled with phycoerithrin (Santa Cruz Biotechnology).
After washing, the cells were analysed in a FACS CAN-
TO 1II flow cytometer (Becton & Dickinson, NJ, USA)
with the FACS DIVA software (Becton Dickinson).

Statistical analysis - Data from the clinical features
of the participants, the proportion of positive cells as
well as the mean fluorescence intensities were analysed
through a Kolmogorov-Smirnov normality test. After
this, one of the following tests was performed to deter-
mine if significant differences existed among groups:
Mann-Whitney U test, Student’s ¢ test with and without
Welch correction, which was indicated in each figure ac-
cordingly. Also, a non-parametric Spearman correlation
was performed in order to determine the possible asso-
ciation between QFT-IT and TST continuous values and
the production of HNP-1 and LL-37. p values of < 0.05
were considered statistically significant.

RESULTS

Clinical analysis - We obtained samples from 26 in-
dividuals, which according to the TST and QFT results,
were divided into two groups, those who were positive
to TST and QFT (n = 12, further referred as QFT*) and
those who were negative for both tests (n = 14, further re-
ferred as QFT). The clinical features of the participants
are summarised in Table. None of the clinical features
show statistical differences, except for their reactivity to
TST and QFT (p < 0.001). All individuals were negative
for Mtb culture.

AMPs are increased in QFT positive individuals -
Polymorphonuclear cells were purified and analysed by
flow cytometry to determine the proportion and produc-
tion of the AMPs HNP-1 and LL-37 in the two different
groups. Results showed that there is an increased propor-
tion of LL-37 positive cells in the QFT" individuals (p =
0.0184) when compared with QFT" individuals (Fig. 1A),
which correlates with the mean fluorescence intensity
(MFI), suggesting an increased production of peptide on
a per-cell basis (Fig. 1B) (p = 0.0116). HNP-1 positive
cells analysis showed no differences between groups (p
= 0.3413) (Fig. 1C). However, significant differences (p
=0.0043) were observed when analysed for the MFI be-
tween groups as shown in Fig. 1D.

AMPs production correlates with QFT and TST re-
activity values - To determine whether positive values
of QFT and TST correlated with increased production of
HNP-1 and LL-37 both variables were analysed for each
individual. As shown in Fig. 2A, LL-37 production is cor-
related with TST reactivity, as well there is an association
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TABLE

Clinical features of participants

QFT and TST negative QFT and TST positive
(n=14) n=12)
(mean + SD) (mean + SD) p
TST (mm) 5.93+7.46 20.25 +3.96 <0.001¢
QFT (UI/mL) 0.03 £0.06 6.81 +3.42 <0.001?
Age (years) 49.00 + 23.49 4192 +£15.25 0.3801¢
Weight (Kg) 73.31 +18.47 68.18 + 10.88 0.4076°¢
Height (m) 1.62 £0.12 1.60 £ .06 0.5749¢
Hip (cm) 107.36 + 10.92 102.17 £ 7.72 0.1816¢
Waist (cm) 92.14 + 13.56 88.25+11.96 0.4488¢
Body mass index (kg/m?) 27.50 + 4.82 26.49 £ 3.89 0.5642¢
Waist to hip ratio 0.86 +0.08 0.86 +.07 0.8948¢
Sex (male/female) 4/10 4/8 Not available
Haemoglobin (g/dL) 14.27 + 1.36 14.49 + 1.71 0.7179¢
Leucocytes (1 x 103 cell/uL) 6.39 + 1.80 6.82+1.82 0.6996"
Lymphocytes (1 x 10°cell/uL) 2.42+0.95 229+ 45 0.8201°
Glucose (mg/dL) 78.64 +27.65 96.48 +75.62 0.9180°
Creatinine (mg/dL) 0.81£0.27 0.75+0.17 0.8360"
Cholesterol (mg/dL) 196.29 + 35.05 196.49 + 31.88 0.9877¢
Triglycerides (mg/dL) 164.31 £79.36 235.88 +119.14 0.1308"

a: Welch corrected unpaired t test; b: Mann-Whitney U test; c: unpaired ¢ test; QFT: QuantiFERON®-TB Gold; SD: standard

deviation; TST: tuberculin skin test.
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Fig. 1: cathelicidin (LL-37) and human neutrophil peptide-1 (HNP-1) production in polymorphonuclear cells is increased in
tuberculosis latently infected individuals. The percentage of HNP-1" and LL-37* cells was determined by analysis in a flow
cytometer in polymorphonuclear leukocytes (PMN) gated cells (A, C). Also, LL37* (B) and HNP-1" (D) cells mean fluorescence
intensity (MFI) was analysed. Data is presented as median + interquartile range. Group comparisons were made by means of a
non-parametric Mann Whitney U test. In QuantiFERON®-TB Gold (QFT)", n = 14 and in QFT", n = 12. p = 0.05 or lower were

considered statistically significant.
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Fig. 2: cathelicidin (LL-37) and human neutrophil peptide-1 (HNP-1) correlated with QuantiFERON®-TB Gold (QFT) and
tuberculin skin test (TST) continuous values. Correlation between TST positivity with LL-37 (A) and HNP-1 (B) mean fluores-
cence intensity (MFI) was analysed. Also, QFT positivity was correlated with LL-37 (C) and HNP-1 (D) MFI. The Spearman
correlation coefficient and the level of significance are shown for each graph. p values of more than 0.05 were considered not

statistically significant, n = 26.

with HNP-1 production (Fig. 2B). Similarly, when corre-
lated with QFT positivity a positive correlation was found
for both LL-37 and HNP-1 (Fig. 2C, D, respectively).

DISCUSSION

Previous studies by our group have demonstrated
the importance of AMPs to contain TB infection either
during primary or latent infection (Rivas-Santiago et al.
2006, 2008a). Within this group of AMPs it has been re-
ported that B-defensins have direct antimicrobial activ-
ity against Mtb, however other AMPs such as LL-37 and
HNP-1, mainly produced by neutrophils are included in
the Mtb containing process through a wide variety of
immunomodulatory functions (Martineau et al. 2007,
Rivas-Santiago et al. 2008b, Castafieda-Delgado et al.
2010). During the infection, neutrophils accumulate
at sites of mycobacterial challenge and rapidly phago-
cytose bacilli and release several neutrophil-derived
chemokines, cytokines, granule products, HNP-1 and
LL-37 that can drive monocyte recruitment from blood.
After monocyte recruitment and maturation, cytokine
secretion by both neutrophils and macrophages might
drive further accumulation and activation of both cell
types leading to inflammation (Martineau et al. 2007,
Soehnlein et al. 2009, Lowe et al. 2012). A previous
study reported that LL-37 and HNP-1 gene expression
was highly increased above 20-fold in patients with ac-
tive TB compared with healthy volunteers and latent TB
infected individuals, these data indicate that these pep-
tides might be increasing during progression of disease
(Gonzalez-Curiel et al. 2011). Other studies have linked
the presence of high amounts of neutrophils in granu-
loma with increasing pneumonia and low mycobacterial

control which lead to an active disease (Eum et al. 2010),
thus we hypothesise that since AMPs producing cells are
increased while TB become active, should be a positive
correlation with HNP-1 and LL-37. Recent studies sug-
gest that the use of QFT conversion is indicative of an
approximately eight-fold higher risk of progression to
TB disease (compared with non-converters) within two
years of conversion in a cohort of adolescents in a high-
TB burden population (Machingaidze et al. 2012) and in
a low incidence area (Bergot et al. 2012), we sought to
determine if there was a correlation between the expres-
sion of HNP-1 and LL-37 with TST and QFT continuous
values. Our results indicated that individuals who have
positive values to TST and QFT had statistical signifi-
cances regarding production of LL-37 and HNP-1, in the
same line we found a positive correlation between ex-
pression of AMPs and the continuous values for QFT and
TST. Altogether these data suggest that during gradual
reactivation process there is an influx of PMNs into the
lung to contain bacilli growth and to recruit monocytes.
One of the main activators markers in neutrophils might
be LL-37, since has been reported that increment of LL-
37 in PMN promotes the generation of reactive oxygen
species dose and time-dependently, via nicotinamide
adenine dinucleotide phosphate oxidase activation and
intracellular Ca(2") mobilisation. Besides LL-37 induces
both mRNA expression and protein release of alpha-
defensins neutrophil peptide 1-3 (Zheng et al. 2007) and
promotes monocyte adhesion (Wantha et al. 2013) dur-
ing infection. Furthermore, LL-37 is a keystone for ef-
fective antimicrobial activity since it controls the release
of inflammatory mediators while increasing antimicro-
bial activity of neutrophils (Alalwani et al. 2010).
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The main limitation of this study is that it is a cross-
sectional study and the individuals with latent TB have
not been followed longitudinally to determine whether
they develop disease. The reduced sample size is another
handicap of the study; however it is good enough to ob-
serve tendencies and to plan further studies with a bigger
population. Finally, the possibility that other infections
or autoimmune diseases could interfere with the levels of
these peptides needs to be elucidated.

All together our results indicate that AMPs levels
positive correlates with TST and QFT values. Due there
is not an accurate biomarker of progression for TB in la-
tent infected individuals, this preliminary study suggests
the use of HNPs and LL-37 as promising biomarkers for
progression, however further studies need to be done to
strength this results.
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