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Progression of clinical tuberculosis is ()
associated with a Th2 immune response

signature in combination with elevated

levels of SOCS3

Senait Ashenafi®'®, Getachew Aderaye©, Amsalu Bekele €, Martha Zewdie 9,
Getachew Aseffa®, Anh Thu Nguyen Hoang?, Berit Carow",

Meseret Habtamu“, Maria Wijkander 2, Martin Rottenberg®, Abraham Aseffa¢,
Jan Andersson 2, Mattias Svensson?®, Susanna Brighenti®"*

@ Karolinska Institutet, Center for Infectious Medicine (CIM), F59, Department of Medicine,

Karolinska University Hospital Huddinge, Stockholm, Sweden

b Black Lion University Hospital and Addis Ababa University, Department of Pathology, Faculty of Medicine,

Addis Ababa, Ethiopia

¢ Black Lion University Hospital and Addis Ababa University, Department of Internal Medicine, Faculty of Medicine,
Addis Ababa, Ethiopia

9 Armauer Hansen Research Institute (AHRI), Addis Ababa, Ethiopia

€ Black Lion University Hospital and Addis Ababa University, Department of Radiology, Faculty of Medicine,

Addis Ababa, Ethiopia

f Karolinska Institutet, Department of Microbiology, Tumor and Cell Biology (MTC), Stockholm, Sweden

8 Karolinska University Hospital Huddinge, Department of Medicine, Division of Infectious Diseases, Stockholm, Sweden

Received 16 September 2013; accepted with revision 30 January 2014
Available online 9 February 2014

KEYWORDS Abstract In this study, we explored the local cytokine/chemokine profiles in patients with
Tuberculosis; active pulmonary or pleural tuberculosis (TB) using multiplex protein analysis of bronchoalveolar
HIV; lavage and pleural fluid samples. Despite increased pro-inflammation compared to the
Human; uninfected controls; there was no up-regulation of IFN-y or the T cell chemoattractant CCL5
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A Th2 immune signature and elevated SOCS3 in active TB
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in the lung of patients with pulmonary TB. Instead, elevated levels of IL-4 and CCL4 were
associated with high mycobacteria-specific IgG titres as well as SOCS3 (suppressors of cytokine

signaling) mRNA and progression of moderate-to-severe disease. Contrary, IL-4, CCL4 and SOCS3
remained low in patients with extrapulmonary pleural TB, while IFN-y, CCL5 and SOCS1 were
up-regulated. Both SOCS molecules were induced in human macrophages infected with
Mycobacterium tuberculosis in vitro. The Th2 immune response signature found in patients
with progressive pulmonary TB could result from inappropriate cytokine/chemokine responses
and excessive SOCS3 expression that may represent potential targets for clinical TB management.
© 2014 The Authors. Published by Elsevier Inc. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).

1. Introduction

Tuberculosis (TB) is one of the most wide-spread human
bacterial infections. The lethal synergy between TB and HIV
infections is also a major challenge to public health and hence
there is a need to understand the cellular and molecular
mechanisms responsible for the progression of TB in both
HIV-negative and HIV-positive individuals [1]. Successful
control of Mycobacterium tuberculosis (M. tuberculosis) as
well as HIV infection is dependent on cell mediated immunity
that is orchestrated by multiple cytokines and chemokines
involved in the activation and recruitment of cells to the site
of infection [2,3]. Pro-inflammatory cytokines (IL-12, TNF-«)
as well as Th1 (IL-2, IFN-y) and Th17 (IL-17, IL-22) effector
cytokines specifically promote classical activation of macro-
phages (M1) and activation of CD8+ cytolytic T cells (CTLs) or
NK/NKT cells that trigger target cell and bacterial killing [3].
Here, HIV infection may impair cellular immunity at the site of
M. tuberculosis infection by interfering with the recruitment
and function of macrophages and CD4+ T cells [4].

We have previously reported an impairment of Th1/Th17
and CD8+ CTL responses in human granulomatous TB lesions in
both the lymph nodes [5] and lung [6] that may be the
consequence of an induction of Th2 and regulatory T cell
(Treg) responses [5] Consistent with these findings, growing
evidence suggests that a Th1/Th2 balance is crucial to control
the progression of active TB disease [7,8]. IL-12, IFN-y and
TNF-a contribute to the induction of Th1-mediated protection
in TB, while increased IL-4 levels promote the development
of a Th2 response that efficiently antagonizes protective
cytokines and results in loss of TB control [9]. Th2 cytokines
have been shown to induce alternative macrophage activation
(M2) that involves a less bactericidal state of the macrophage
[10]. Th2 cytokines can also inhibit autophagy, which is a
physiological process known to enhance intracellular degra-
dation of mycobacteria [11]. On the contrary, Th2 responses
promote antibody-mediated immunity that may fail to confer
resistance in intracellular M. tuberculosis infection [12]. The
Th1/Th2 balance is likely affected by different chemokines
[13] produced by various cell types. Inflammatory chemokines
such as CCL5, CXCL9 and CXCL10, selectively attract and
recruit Th1 cells from blood to sites of infection while other
chemokines such as CCL3 and CCL4 may promote Th2
immunity [13,14]. Although M. tuberculosisis a potent inducer
of several inflammatory chemokines [15], little is known about
the local chemokine profile in the chronic phase of human TB

infection. The Th1/Th2 balance could also be controlled by a
family of regulatory proteins called suppressors of cytokine
signaling (SOCS) [16]. SOCS are molecules induced by
cytokines or other stimuli and function as negative feedback
inhibitors by binding either to cytokine receptors or to
associated Janus Kinases (JAK), to inhibit the activation of
Signal Transducers and Activators of Transcription (STAT) [16].
SOCS1 and SOCS3 are the most studied members that inhibit
STAT1 and STAT3 signaling, respectively [16]. Accumulating
data support a central role of SOCS proteins in the regulation
of immune polarization, which may be highly relevant for the
outcome of different infectious diseases [16].

In this study, we aimed to discover adverse immune
response signatures relevant to the progression and severity
of active TB disease in HIV-negative and HIV-positive patients.
We analyzed immune mediators locally in the lung or pleura in
comparison with peripheral blood, in patients with pulmonary
TB or pleural TB. While the lung is the most common site of M.
tuberculosis infection, extrapulmonary TB including pleural
TB without concomitant pulmonary infection, often repre-
sents a milder clinical form of disease [17]. Low levels of
IFN-v, IL-17 and CCL5 along with enhanced levels of IL-4, CCL4
and regulatory SOCS1 and SOCS3 proteins were observed in the
lungs of patients with active pulmonary TB compared to the
controls. The Th2-like immune signature in combination with
enhanced SOCS3 expression was more prominent in severe
forms of TB disease and was also associated with elevated
antibody responses in patients with pulmonary TB. Future
diagnostic and therapeutic approaches of clinical TB may
therefore consider quantifying and targeting Th2 and SOCS3
regulated immune response pathways.

2. Material and methods
2.1. Study subjects and clinical diagnosis

The study subjects were recruited at the Chest Unit,
Department of Internal Medicine, Black Lion University Hospi-
tal, Addis Ababa, Ethiopia, after providing signed informed
consent. The study was approved by the National Ethical
Committees in both Ethiopia and Sweden. Patients and controls
were enrolled according to the flow chart illustrated in Fig. 1.
Inclusion criteria: HIV-negative and HIV-positive sputum
smear-negative individuals >18 years old with clinical symp-
toms of suspected TB. Exclusion criteria: patients with miliary
TB, a history of previous TB, or >1 week of antimicrobial
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