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ABSTRACT

Background: HIV/AIDS and TB remain a mgjor global public health problem and their global
distribution is heavily skewed toward low income and emerging economics. Africa, and more
specifically Sub-Saharan Africa, faces the worst epidemic of the two diseases since the advent of
the antibiotic era. Both TB and HIV have profound effects on the immune system, as they are
capable of disarming the host’s immune responses through mechanisms that are not fully
understood. The catabolism L-arginine by arginase has emerged as a potent mechanism for the
regulation of immune responses.

Objectives. To measure arginase activity in the blood of patient with HIV, TB and HIV/TB co-
infected patients at Zewditu Memorial and St. peter's Hospital, Addis Ababa, Ethiopia.
Methodology: A cross-sectiona study was conducted from April 2014 to October 2014.Venous
blood was collected from patients before initiation of treatment and controls in BD Vacutainer
EDTA tubes. Isolation of peripheral blood mononuclear cells (PBMC) is performed by density
gradient centrifugation on Histopaque®-1077(Sigma) where as Plasma was obtained after
centrifugation of a blood at 1800 rpm for 10 minutes. Arginase enzyme activity was determined
using colorimetric assay based on color formed when urea produced is heated in acid with a-
isonitrosopropiophenone. Data were evaluated by using GraphPad Prism version 6.05 and the
differences were considered statistically significant at p < 0.05.

Result: Increased arginase activity was observed in PBMC of HIV, TB and HIV/TB co-infected
patients than in PBMC of healthy controls and similarly higher arginase level aso measured in
plasma of TB and HIV/TB co-infected patients than in plasma of healthy control. Moreover, a
CD+4 T cdl counts of HIV and HIV/TB co-infected patients and BMI of HIV, TB and HIV/TB
patients were negatively associated with PBMC arginase activity.

Conclusion: Our results suggest that arginase activity is become higher during HIV, TB and
HIV/TB co-infections.

Keywords: PBMC, plasma, HIV, TB, HIV/TB patients, Arginase
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1. INTRODUCTION
1.1. Background

Tuberculosis is an infectious bacterial disease caused by Mycobacterium Tubercle, an Acid Fast
Bacilli as Koch stated and it is spread by aerosolization of droplet nuclei bearing Mycobacterium
tuberculosis particles released from the lung of patient with cavitary pulmonary or laryngeal
disease. It is aso transmitted by consumption of raw milk containing Mycobacterium bovis
(Mathemaet a., 2006, Subba et al., 2009). Human immunodeficiency virus (HIV) is the virus that
causes HIV infection. During HIV infection, the virus attacks and destroys the infection-fighting
CD4 cells of the body’s immune system. Loss of CD4 cells makes it difficult for the immune
system to fight infections (U.S Department of Health and Human Services, 2012). Acquired
Immunodeficiency Syndrome, or AIDS, occurs when the immune system is weakened by HIV to
the point where a person is susceptible to any number of opportunistic Infections (Ols) or diseases.
Having AIDS is defined as presenting with HIV and one or more Ols (U.S Department of Health
and Human Services, 2012). HIV-induced progressive CD4 depletion is associated with increased
risk of TB, disseminated TB and death (Geldmacher et a., 2012). Other cells are also directly or
indirectly affected by the virus, including CD8+ T cells (Roederer et a., 1995), monocytes (Zhu et
al., 2002), macrophages (Meltzer et a., 1990), B lymphocytes (Moir et a., 2001), neutrophils
(Gabrilovich et a., 1993) and dendritic cells (Macatonia et al., 1990). Dysfunction of these cells

plays amajor rolein particular aspects of HIV pathogenesis.

It is estimated that around two billion people around the world are currently infected with the
bacillus but yet only 10% of infected immunocompetent individuals are likely to develop
symptomatic TB during their lifetime when compared to 50% in individuals that are
immunologically weakened by concurrent HIV infection (Vynnycky and Fine, 2000). The risk of
developing the clinica manifestations of the disease is greatly increased by HIV co-infection
(Swaminathan et a., 2010). This strong association between HIV and TB in sub-Saharan Africais
responsible for the massive increase in the incidence of TB observed in the region in the last 20
year (Keshinro and Mukadi, 2006). The depletion of CD4+ T cells, which is a main feature of
AIDS, is certainly an important contributor to the increased risk of reactivation of latent TB and
susceptibility to new M. tuberculosis infection. There is also some evidence that CD8+ T cells

play arole in the control of latent TB (Lewinsohn et a., 2003). Other mechanisms reported to
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facilitate M. tuberculosis infection and disease in individuals with HIV are up-regulation of M.
tuberculosis entry receptors on macrophages, HIV manipulation of macrophage bactericidal
pathways, deregulated chemotaxis, and a tipped Th1/Th2 balance (Rosas-Taraco et al., 2006). It
has also been shown that HIV impairs TNF-mediated macrophage apoptotic response to
Mycobacterium tubercul osis and thus facilitates bacterial survival (Patel et a., 2007)

TB remains a major global health problem and HIV infection has contributed to a significant
increase in the worldwide incidence of TB. Both HIV/AIDS and TB disease causes ill-hedth
among millions of people each year and ranks as the first and second leading cause of death from
an infectious disease worldwide respectively (WHO, 2013). Every year, more than 1.5 million
people die of tuberculosis (13% HIV positive), and 9 million new cases are reported. TB disease is
the most frequent co-infection in HIV infected patients, thought to have caused athird to a half of
all acquired immune deficiency, particularly in sub-Saharan Africa and South East Asia, areas of

world where HIV infection is expanding most rapidly (WHO., 2014).

TB and HIV-1 often occur in the same geographic area, in the same person, and even in the same
cell. 1t is not surprising, therefore, that they have important and bidirectiona interactions. The
impact of HIV on TB is profound. The immunosuppression of HIV dramatically increases the risk
of reactivation of a latent focus of infection and progression of primary infection. The rapid
progression of primary infection to infectious TB catalyzes the spread of the strains of M.
tuberculosis that are prevalent in the community, including multi-drug-resistant TB. HIV-1 aso
aters the clinical expression of TB, as there is less cavitary disease and more atypical,
disseminated, and extrapulmonary manifestations (Ellner, 1997). Tuberculosis can occur early in
the course of HIV infection and throughout all stages of HIV infection. The risk of TB increases
soon after infection with HIV (Gagneux et al., 2006). Although TB can be a relatively early
manifestation of HIV infection, it is important to note that the risk of developing TB, and of
disseminated infection, increases as the CD4 cell count decreases. Even with effective immune
reconstitution with ART, therisk of TB generally remains elevated in HIV -infected patients above
the background risk of the general population, even at high CD4 cell counts (Moore et al., 2007,
Van Rie et a., 2011). In the individua host, the two pathogens, MTB and HIV, potentiate one
another, accelerating the deterioration of immunological functions (Pawlowsk et al., 2012).

However, our knowledge about the mechanisms of interaction of the two pathogens and the



relationship between the immunologica abnormalities at a cellular level and the overall
immunopathogenesis is still unclear and has many gaps that need to be filled in order to develop

preventive measures against the two diseases (Walker et al., 2013).

L-arginine is a semi-essential amino acid involved in multiple areas of human physiology and
metabolism. It is not considered essential because humans can synthesize it de novo from
glutamine, glutamate, and proline. However, dietary intake remains the primary determinant of
plasma arginine levels, since the rate of arginine biosynthesis does not increase to compensate for
depletion or inadequate supply (Castillo et al., 1994, Cadtillo et a., 1993). T lymphocytes depend
on arginine for multiple key biological processes, including proliferation, the expression of the
TCR complex and the CD3( peptide, and the development of memory (Bronte et al., 2003b,
Ochoaet a., 2001b).

Arginase is an enzyme that catalyses the conversion of L-arginine in to ornithine and urea.
Arginase, can be up regulated in murine macrophages, dendritic cells and neutrophils , however,
human neutrophils constitutively express arginase (Munder, 2009). There are two iso-forms of
arginase in mammals, arginase | and arginase 1l (Morris, 2009, Morris, 2012). The catabolism of
L-arginine by arginase can regulate the availability of L-arginine and therefore the efficiency of T
cell responses: increased catabolism of L-arginine by arginase results in the depletion of L-
arginine from the microenvironment; since L-arginine is essential for efficient T cell activation,
this decrease in L-arginine results in impaired T cell responses (Munder, 2009). In addition, the
catabolism of L-arginine by arginase results in the production of ornithine, which is further
catabolised into polyamines that are crucia for cell division; and into proline, which is the
building block for collagen synthesis. However, in some cases, the degradation products of
arginine have a beneficial effect on intracellular microbes. For example, Mycobacterium enhances
arginine transport in infected macrophages and acquires the metabolites necessary for bacterial
growth (Peteroy-Kelly et a., 2003). Therefore, arginase enzyme can be considered as a

moonlighting enzyme that acts as a double edged sword in immunity.

L-arginine is also the substrate for nitric oxide synthase (NOS), that catabolises L-arginine into
nitric oxide (NO), a molecule critical for the regulation of vascular homeostasis,

neurotransmission and the killing of many pathogens (Morris, 2004b). Therefore, by competing



for the shared substrate L-arginine, increased arginase activity also modulates the production of
NO. Consequently, deficiencies in L-arginine metabolism can disrupt many cellular and organ

functions.

Increased arginase activity is common to several pathological and physiological conditions: it has
been prominently described in cancer (Nagargy and Gabrilovich, 2010, Ochoa et a., 2007), but
also in asthma, myocardial infarction, pregnancy and infectious and autoimmune diseases
(Munder, 2009). It has also been shown that increased arginase activity is a marker of disease
severity in HIV seropositive (HIV+) patients (Cloke et a., 2010b), in patients with visceral
leishmaniasis and HIV co-infection (Takele et a., 2010) and in patients with visceral (Abebe et
a., 2013) and cutaneous leishmaniasis (Abebe et ., 2012).

So Arginase enzyme can be considered as immunologically vital enzyme as it has a potential of
causing immune suppression by starving L- arginine (Bronte and Zanovello, 2005). L-arginine is
important amino acid for the normal function of T cell and its depletion might bring dysregulated
T cell response (Rodriguez Pc et a., 2002). Therefore this study is to measure level of arginase
enzyme in the blood of HIV, TB and HIV/TB co-infected patients which could have important
implication for the better understanding of the pathogenesis of HIV, TB and HIV/TB infection
from these enzyme points of view and also it is usefull for the advancement of knowledge about
progressive immune dysfunctions in HIV, TB and HIV/TB co-infection, this may open up new

therapeutic avenues to target dysregulated T cells responses..

1.2 Arginase
1.2.1 What isarginase? Types of arginase

Arginase is the final enzyme of the urea cycle in the liver and is the key enzyme for the removal of
highly toxic ammonium ions from the body. To this aim, L-arginine, which is synthesized from L-
citrulline by the subsequent actions of arginine succinate synthase and argininosuccinate lyase, is
converted into L-ornithine and urea by the action of arginase. Besides in liver, arginase is also
expressed in cells and tissues that lack a complete urea cycle, including the airways and the lung
(Jenkinson et al., 1996, Que et a., 1998, Meurs et a., 2000). In other word, arginase is a binuclear
Mn*2 metalloenzyme that catalyze the conversion of L-arginine to L-ornithine and urea (Mendz

and Hazell, 1996). The enzyme is widely present throughout the evolutionary spectrum including
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bacterium, plant, yeast, and vertebrates, and is important for L-arginine homeostasis. All arginases
exhibit higher catalytic activity with Mn"2 as a metal co-factor except the Helicobacter pylori,
which shows higher activity with Co*2 (Sekowska et al., 2000).

Arginase exists in two isoform, liver-type arginase | and non hepatic-type arginase Il which are
encoded by different gene. Properties of these isoform are summarized in Table 1. Arginase | is
expressed almost exclusively in the cytosol of the liver cells under normal conditions and catalyze
the last step of urea synthesis which detoxify ammonia in mammal (Figure 1). The enzyme was
purified from livers of various mammals, and the crystal structure of the trimeric rat enzyme was
revealed. cDNAs for the rat and human enzyme were isolated, and the predicted polypeptide
chains are composed of 323 and 322 amino acid residues (Kawamoto et al., 1987, Haraguchi et al.,
1987). The rat and human genes are ~12-kbp and ~ 11.5-kbp long, respectively, and consist of 8
exons (Ohtake et al., 1988). In the promoter region there are 2 binding sites for CCAAT/enhancer
binding protein (C/EBP), 1 at position around -90 bp and the other around -55 bp (Gotoh et al.,
1994, Chowdhury et al., 1996). Binding of C/EBP family members to the region around -55 bp
stimulates the promoter activity. Hepatocyte nuclear factor-4 (HNF-4) represses the promoter
activity without directly binding the promoter region, and the region overlapping with the C/EBP
binding site at ~55 bp is responsible for the HNF-4 repression (Chowdhury et al., 1996).
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al., 2006). This study suggests that the regulation of arginase 1l contributes to the

immunomodul atory effects of LXRSs.

TABLE 1.2.1 Properties of mammalian arginase | and |1

Arginasel Arginasell
Amino acid residues 322, 323 332
Size 34,700 Da ~36,100 Da
Subunit structure Trimer Trimer
Km (arginine) 5-9mM 7Mm
pH optimum 9.7-9.9 9.4-10.0
Cofactor Mn2* Mnz"?
Inhibitors NG-hydroxy-L -arginine NG-hydroxy-L -arginine
Valine
Abundant tissues Liver Small intestine
Erythrocytes Kidney
Submaxillary gland L actating mammary gland
Intracellular localization Cytosol Mitochondrial matrix
L ocation on chromosome 6023 14q24.1-24.3

All arginases have conserved motifs GGDHS, SxDxDxxDP, and DAHXD. These are important for
recognition of the metal ions and thus form a bimetallic cluster at the active site. An intact
bimetalic cluster is found to be essentia for catalysis. A water molecule bridged (pKa ~7.9 in rat
liver arginase) between the two meta ions has been suggested to be important for catalytic
activity. The protein exists as an oligomer; eukaryotic proteins are primarily trimeric, whereas the
bacterial counterparts are hexameric. Each monomer contains one active site. Mutational studies
showed that the monomer exhibits much lower activity than the oligomer. The amino acids
sequence alignment revealed a significant difference at the N and C-terminal sites of eukaryotic
arginases than the bacterial counterpart such as Bacillus caldovelox and Bacillus subtilis, which
lacks the C-terminal motif. The C-terminal S-shaped motif in human and rat liver arginases

appears to be important for oligomerization. Although, the bacterial arginases do not have the C-
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terminal motif, these proteins exist as a hexamer (Lavulo et a., 2001). This suggests that the
mechanism of oligomerization in the bacterial arginases is different from the mammalian

counterpart.

1.2.2 Arginase and inducible nitric oxide synthase (iNOYS)

Arginase and iINOS use arginine as a common substrate and may compete with each other for this
substrate. The metabolism of arginine by iINOS or arginase 1 produces radicaly different
biological products (Bernard et al., 2001). iINOS generates NO in large quantities and under
physiologic conditions plays an important role in killing parasites, bacteria, viruses, and cancer
cells and producing vasodilatation (Bogdan, 2001). However, excessive amounts of NO can aso
produce a cytotoxic effect in the host and can lead to immune suppression of T cells (Goni et al.,
2002) and to pathologica findings (Noél et al., 2004). Arginase 1 generates ornithine and urea.
Ornithine is a precursor of different products, including polyamines and proline, and thus may
play an important role in cell proliferation (Bronte et al., 2003a). As shown by Table 1 Classic
pro-inflammatory cytokines IL-1, TNF-a, IFN-y, and IL-2 induce iNOS. In turn, humoral anti
inflammatory cytokines IL-4, IL-10, IL-13, and TGF-B induce arginasel expression. Endotoxin
appears to induce both INOS and arginase 1 (Bronte and Zanovello, 2005). Upon induction, iNOS
exerts a regulatory effect on arginase activity through the production of hydroxy-L-arginine, an
intermediate product in the generation of NO. Arginase 1 in turn regulates NO through depletion
of arginine availability (Morris, 2004a). Because expression of arginase 1 and iNOS isreciprocally
influenced by Th1 and Th2 cytokines, activation of each may be restricted to separate subsets of
myeloid-derived cells, termed alternative activation (Gordon, 2003). It has been shown, however,
that both enzymes are produced in CD11bllL-4 receptor a+MSC and that MSC produce both
Thl-type and Th2-type cytokines (IFN-y and IL-13) (Galina et a., 2006). Therefore, the
designation ‘‘alternatively activated’” may not be applicable or relevant in the characterization of
MSC. The determination that MSC produce both arginase 1 and iNOS provides insights that can
be potentially translated to the clinic (Frey, 2006)



Enzyme Cytokine stimulation Other stimulation
iINOS IL-1, TNF-a, IFN-a, IFN-b, IFN-g Endotoxine, lipopolysaharide

Arginasel IL-4,1L-6,1L-10, 1L-13, TGF-b PGE1, PGE2, catecholamine

Th2 eytokines I::/Arglnlne
(IL-4, IL-10, IL-13) \ i
Th1 eytokines
LFS L + ;"’ e
& \ e (IFN-y, TNF-cr, THF-3)
@ '\'::»_\'"05,) LPS
-
W TR N
L-Ornithine + urea <0 P
04T ’f’ BV J,.-*" i b \‘\_
L-P:DIIHE Palyamines e,
(Putreszine, Spemidins, i N
Collagen  Spermine) NO + L-Citrulline
Tissue regenaration Cytotoxicity
Cell proliferation Inflammation
Anti-inflammation




role of macrophage arginase in inflammation is also clearly demonstrated by the fact that the
murine enzyme is inducible by pathogen-derived macro-molecules like lipopolysaccharide (LPS)
or lipoproteins (Corraliza lm et al., 1995), by a broad range of inflammatory stimuli (Hrabak et a.,
2006) and in rat aveolar macrophages by the reactive oxygen product hydrogen peroxide (H202)
(Matthiesen et a., 2008). The induction of arginase | in murine macrophages by oxidized and
acetylated lipoproteins was demonstrated (Gallardo-Soler et al., 2008) connecting macrophage
aternative activation and an inflammatory phenotype with lipid metabolism and vascular
atherosclerosis. Arginase expression is regulated by glucocorticoids in a cell type and species-
specific way. While rat liver arginase is induced by glucocorticoids via the binding of the
transcription factor CCAAT/enhancer binding protein f (C/EBPB) to the arginase | enhancer
(Gotoh et a., 1997), both the LPS-induced up-regulation of rat alveolar macrophage arginase
(Klasen et a., 2001) as well as the IL-4/IL-13-mediated up-regulation of rat airway fibroblast
arginase (Lindemann and Racke, 2003) are inhibited by dexamethasone. The constitutive
expression of arginase | in human polymorphonuclear granulocytes (PMN) is not modulated in
vitro by a variety of pro- and anti-inflammatory stimuli including glucocorticoids (Munder M et
al., 2005) .

Severa groups have addressed the intracellular signaling mechanisms responsible for arginase
induction in murine cells. Th2-mediated induction of arginase | is regulated by the coordinated
action of the transcription factors PU.1, signal transducer and activator of transcription (STAT)-6
and C/EBPbD at an enhancer 3 kilobases (kb) upstream of the basal promotor (Pauleau et a., 2004).
The cAMP-mediated induction of murine arginase | (Corralizaet a., 1997) is mediated by Protein
Kinase A Type | (PKAI) (and not PKA-II or EPAC) involving histone deacetylation, while
arginase | induction by modified lipoproteins is mediated via Peroxisome Proliferator-Activated
Receptor (PPARy and PPARS) (Gallardo-Soler A et al., 2008). The Src-homology 2 (SH2)-
containing inositol-5'-phosphatase SHIP1 restrains the inducibility of murine macrophage arginase
| as macrophages are skewed towards an M2 phenotype with high levels of arginase | in SHIP1-/-
mice (Rauh et a., 2004).

Based on the above regulatory principles and the different metabolic pathways associated with up-
regulated immune cell arginase, it was hypothesized that the enzyme might causally be involved in
disease pathogenesis because of (i) suppression of NO-mediated cytotoxicity via L-arginine
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consumption, (ii) enhanced collagen synthesis and fibrosis via proline generation and (iii)
enhancement of cellular proliferation via polyamine generation. Consecutively, arginase
expression was analyzed in various disease models. In vivo, the enzyme was demonstrated in
murine inflammatory cell infiltrates in experimental glomerulonephritis (Waddington et al., 1998),
schistosomiasis (Hesse et a., 2001), trypanosomiasis (Gobert Ap et al., 2000), leishmaniasis
(Kropf et al., 2005), autoimmune encephalomyelitis (Xu et a., 2003), asthma (Zimmermann et al.,
2003), severa vira (Wang et a., 2005) and bacterial (Gobert et al., 2002) infections, lung fibrosis
(Liu et al., 2005), sepsis (Carraway et a., 1998), and trauma (Makarenkova et a., 2006). The
reciprocal regulation of iINOS and arginase that was found in vitro is replicated in various
inflammatory pathologies in vivo. In murine disease models that follow the Th1/Th2 paradigm
with regard to disease susceptibility or resistance INOS is induced in the context of a Thi-
dominated resistant phenotype while macrophage arginase is up-regulated during Th2-mediated
disease progression (e.g. Leishmaniasis; (Kropf et al., 2005)). In chronic murine schistosomiasis,
arginase is similarly induced in Th2 granuloma-associated macrophages and is critical for
enhanced granuloma size and fibrosis (Hesse et al., 2001). On the other hand, arginase |
expressing aternatively activated macrophages protect the host during acute schistosomiasis by
reducing massive Thl-mediated immune pathology and iNOS activity, as demonstrated by 100%
mortality of mice with a macrophage/neutrophil — targeted deletion of the IL4ARa chain (i.e.
absence of alternatively activated macrophages) during acute infection with Schistosoma mansoni
(Herbert et a., 2004). Genes of arginine metabolism like cationic amino acid transporter (CAT)-1,
arginase | and arginase Il are highly up-regulated in the lung in different murine asthma models
(Zimmermann et a., 2003) and arginase has been linked pathogenetically with bronchial
hyperreactivity by the depletion of L-arginine and consecutively reduced synthesis of the
bronchodilatory agent NO (Meurs et al., 2002).

While myeloid cell arginase | is induced in a variety of infectious diseases via a Th2 driven
adaptive immune response, it became clear that arginase | can also be directly up-regulated in
macrophages via Pathogen-Associated Molecular Patterns (PAMP) so that the nature of the
pathogen dictates the type of the evolving innate immune response. Chitin, a widespread polymer
of N-acetyl-B-D-glucosamine and part of, for example, fungal cell walls and helminths, leads to

arginase | expression and the acquisition of an alternative activation phenotype of resident murine
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macrophages during infection with Nippostrongylus brasiliensis (Reese et al., 2007). The ensuing,
leukotriene B4-mediated tissue infiltration of IL-4 expressing innate immune cells
(eosinophils/basophils) then leads to the Th2-mediated, STAT6-dependent induction of chitinase-
like proteins acidic mammalian chitinase (AMCase), Ym1 and Ym2, which are characteristic of
aternatively activated macrophages. Interestingly, chitin degradation by AMCase is able to
abrogate Th2 inflammatory cell infiltration so that a possible feedback inhibition of chitin-induced
alergic or helminth-induced innate immune response by AMCase is likely (Reese et al., 2007).
Another pathogen with direct arginase-inducing potential is Mycobacterium tuberculosis, which
induces arginase | in murine macrophages through the toll like receptor (TLR) — MyD88 pathway.
This induction is independent of STAT6 but involves the up-regulation of C/EBPB and binding of
this transcription factor to the C/EBPp site within the upstream enhancer of the murine arginase |
gene (Pauleau et al., 2004). In the case of Mycobacterium bovis (BCG) infection, it has been
demonstrated that host urea production slowly increases with the infection time. After 24 hours
and 72 hours of infection, there was a significant induction in J774.1 macrophage arginase
activity. However, the replication of intracellular BCG increased when arginase activity was
inhibited. Hence, it is indicative that the enhanced growth of BCG might be due to increased
availability of the intracellular arginine pool to the bacteria in the arginase-blocked condition
(Talaue et d., 2006).

The analysis of the role of myeloid cell-associated arginase during infection is further complicated
by the fact that various pathogens express an enzymatically active arginase themselves (Mcgee et
a., 2004). In parallel to the myeloid cell-expressed arginase of the host, the pathogen-encoded
arginase might contribute, for example, to the down-regulation of T lymphocyte functions in the
context of Helicobacter pylori infection (Zabaleta et a., 2004) or to the down-regulation of
macrophage microbicidal activity by reducing NO production via L-arginine depletion in
Leishmania mexicana infection (Gaur et al., 2007). Another critica component in the system of
arginase-mediated L-arginine metabolism clearly is the capacity and regulation of L-arginine
transport via the cell membrane. The transport system y+ is selective for the transport of cationic
amino acids like L-arginine (Closs et a., 2004). Murine macrophages express CAT-1
constitutively and up-regulate CAT-2 upon classical (IFN-y) or aternative (IL-4, IL-10) activation
(Rodriguez et a., 2003, Yeramian et al., 2006) so that enhanced catabolism via induced iNOS or
arginase, respectively, is met by coordinated increased cellular uptake capacity. On the other hand,
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murine infections with the helminth parasite Schistosoma mansoni or the protozoan pathogen
Toxoplasma gondii are exacerbated in the absence of CAT-2, demonstrating a crucial regulatory
role of L-arginine membrane transport for immune responses (Thompson et al., 2008). The
expression and regulation of L-arginine transport systems in cells of the human immune system is

largely unresolved so far.

1.2.4 Arginasein the human immune system

In human blood, the main arginase-expressing cell types are neutrophils (Munder M et a., 2005),
myeloid suppressor cells (Rodriguez et a., 2009) and alternatively activated macrophages (Kropf
et a., 2007). Arginase was detected in the peripheral blood mononuclear cell (PBMC) fraction
after injury (Ochoa et al., 2001a), inflammatory synovial fluid macrophages (due to arginase 1) of
patients with arthritis (Corraliza and Moncada, 2002), inflammatory cells of bronchoalveolar lavage
fluid of asthmatic patients (Zimmermann et al., 2003), psoriatic lesions (Bruch-Gerharz et d.,
2003), in activated monocytes of patients with autoimmune diseases (Rouzaut et al., 1999) and in
the PBMC fraction of patients with active pulmonary tuberculosis (Zea et a., 2006). Among
peripheral circulating human leukocytes of normal blood donors only PMN express arginase
(Munder M et a., 2005). By biochemical fractionation and immunoel ectron microscopy they had
demonstrated that the enzyme is constitutively present in azurophil granules of human PMN,
where it constitutes a novel oxygen-independent anti-microbial defense mechanism (Munder M et
al., 2005). After fusion of azurophil granules with a phagosome, arginase is present in the
phagosome and likely depletes the intraphagosomal microenvironment of L-arginine during
phagocytosis of pathogenic microorganisms which enhances the fungicidal activity of human
PMN. Interestingly, Saccharomyces cerevisiae and Candida albicans up-regulate genes of their
endogenous L-arginine biosynthetic pathways upon phagocytosis by human neutrophils (Rubin-
Begerano et al., 2003). This transcriptional response likely reflects the L-arginine-deprived
intraphagosomalmicro-milieu of PMN and is not detectable upon phagocytosis by human
monocytes (Rubin-Bejerano et a., 2003) which do not express arginase (Munder M et al., 2005).
Another study confirmed the expression of arginase | in human PMN but localized the enzyme to
the gelatinase granules (Jacobsen et al., 2007). The discrepancy in results is still unclear at the
moment. In vitro, constitutive human PMN arginase activity was not modulated by a variety of
pro- and anti-inflammatory stimuli, including cytokines that typically lead to arginase induction in
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murine myeloid cells (Munder M et al., 2005). In contrast, arginase is inducible in a variety of
other human cell types like, for example, endothelium, epithelial cells and smooth muscle.
Arginase | shares this feature with other important constitutive PMN proteins or peptides involved
in inflammation and microbial defense like human cationic anti-microbial protein of 18 kDa
(hCAP18), neutrophil gelatinase-associated lipocalin  (NGAL), bactericidal/permeability-
increasing protein (BPI) and the defensins (Borregaard et al., 2007). The fundamental
discrepancies of arginase expression and regulation between murine and human immune cells fit
into a growing list of differences in the immune systems of both species (Mestas and Hughes,
2004). This must be kept in mind when data from animal models are extrapolated to the human
situation. Also, data on arginase expression in the human PBMC fraction without further
purification need to be interpreted with caution. It remains to be analysed if arginase protein and
activity is really induced in monocytes within the PBMC fraction. Alternatively, activated PMN
are known to aberrantly co-purify within the PBMC fraction of patients with tumours or
inflammation (Schmielau and Finn, 2001), so that de novo arginase activity in the PBMC
population under conditions of inflammation might actually be confined to the neutrophil subset
(Munder, 2009)

1.2.5 Immunosuppr essive mechanism of Arginasein the human immune system

Arginase expression and L-arginine depletion have emerged as a powerful immunosuppressive
pathway of the mammalian immune system (Bronte and Zanovello, 2005). Ochoa et al. analysed the
influence of L-arginine deficiency on the function of human T lymphocytes and found a down-
regulation of the T cell receptor (TCR) C chain, a critical signaling element of the TCR, as a
possible mechanism for the impaired T cell function under conditions of L-arginine depletion
(Rodriguez Pc et al., 2002). Also, an arrest of T cells in the GO-G1 phase of the cell cycle,
associated with the absence of up-regulated cyclin D3 and cyclin-dependent kinase 4 (cdk4) was
seen upon L-arginine depletion (Rodriguez Pc et al., 2007). Murine macrophages express arginase
after Th2 stimulation (Munder et al., 1998) and this also leads to depletion of extracellular L-
arginine and consecutive down-regulation of the TCR { chain in activated T cells (Rodriguez et al.,
2003). T cel hyporesponsiveness associated with down regulated TCR ( chain can be the
consequence of various circumstances (Baniyash, 2004) and transcriptional (Tsokos et al., 2003),
posttranscriptional (Rodriguez Pc et al., 2002) or posttranslationa (Bronstein-Sitton et al., 2003)
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mechanisms of TCR ¢ down-regulation have been described. In humans, immunosuppression in
association with T cells that have partially down-regulated their TCR { chain is a recurrent finding
in patients with cancer, autoimmunity or chronic infections (Baniyash, 2004). The mechanism(s)
and cells that induce the observed T cell phenotype and/or the associated immunosuppression in

vivo are largely unknown.

As intracellular constituents are liberated from dying PMN and accumulate in the micromilieu
human T cell activation should be blunted in the case of arginase liberation from human PMN. In
fact, of all naturally occuring amino acids only L-arginine is depleted (and L-ornithine and urea
synthesized) within the extracellular micromilieu of dying PMN (Munder et a., 2006). Within
such an L-arginine-depleted milieu human T lymphocytes remained viable, but stopped
proliferation and secretion of cytokines, while TCR activation-induced transcription of cytokine
genes remained intact. Interestingly, human purulent exudates contains extraordinarily high
arginase activities and liberated PMN arginase | fully accounts for the profound T cell suppressive
properties of human pus by L-arginine depletion (Munder et al., 2006). Arginase-mediated T cell
hyporesponsiveness is also involved in the suppression of the materna anti-fetal immune
response. A successful pregnancy depends on largely unknown mechanisms by which the immune
system of the mother is made tolerant to the semi-allogeneic fetus. Myometrial arginase activity in
the vicinity of the placental implantation site is >25 higher than in myometrium from non-
pregnant guinea pigs (Weiner et a., 1996). In humans, arginase activity is also highly up-regulated
in term placenta and increased in the peripheral blood of pregnant women (Kropf et al., 2007).
While placental arginase might be important in the supply of polyamines, the local depletion of L-
arginine via PMN-expressed arginase clearly dampens invading T lymphocytes (Kropf et al.,
2007), possibly by down-regulating their TCR ( chain. Arginase | is also expressed constitutively
in human erythrocytes (Kim et al., 2002) and is liberated into the extracellular milieu upon
hemolysis. It was also shown that the immune suppression associated with transfusion of packed
red blood cells might be due to the liberation of arginase from erythrocytes during storage and

consecutive systemic L-arginine hydrolysis upon transfusion (Bernard et a., 2008).
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1.3 Statement of the problem

According to World Health Organization (WHO), there were an estimated 8.7 million incident
cases of TB (range, 8.3 million-9.0 million) globally (WHO., 2012). Africa, more specifically Sub-
Saharan Africa, faces the worst TB epidemic, where TB associated morbidity and mortality occurs
mainly in the economically productive age group (15-60 years) (WHO., 2000). Available data
indicated, Ethiopia has been one of the high TB burden countries (Prasad, 2010) with an incidence
and prevaence rate of 300 and 470 cases per 100,000 populations respectively. Among al new TB
cases notified to federal ministry of health, 30% were smear positive (WHO., 2010, MOH., 2008).
Moreover, Moreover, Acquired immunodeficiency syndrome has become one of the world’s most
serious health and development challenges (UNAIDS., 2013). The HIV/AIDS pandemic marks a
severe development crisis in Africa, which remains by far the worst affected region in the world,
70.0% of the people living with HIV are from sub-Saharan Africa (UNAIDS.,, 2002). The nationa
adult human immunodeficiency virus (HIV) prevalence infection in Ethiopia was 1.5% (Demissie
and Solomon, 2011). Ethiopia is among the countries most heavily affected by the HIV and TB.
The World Health Organization has classified Ethiopia 11" among the 22 high burden countries
with TB and HIV infection in the world (WHO., 2013).

TB and HIV co-infection has also been well documented in Sub-Saharan African set up (WHO.,
2004 ). Worldwide, 13% of TB patients have HIV co-infection, and as many as 37% have HIV co-
infection in parts of African Region, which accounted for 75% of TB cases among people living
with HIV worldwide (WHO., 2013).

Tuberculosisis the most prevaent disease in HIV positive people and the majority of the people at
risk of HIV and TB are living in Sub Sahara Africa. The risk of developing active TB in HIV
positive individuals is increased many fold despite antiretroviral chemotherapy (Lawn et al.,
2005). Tuberculosis may occur at any stage of HIV disease and is frequently the first recognized
presentation of underlying HIV infection (Sonnenberg et al., 2007). As compared to people
without HIV, PLHIV have a 20-fold higher risk of developing TB (WHO., 2011) and the risk

continuesto increase as CD4 T cell counts progressively decline (Sonnenberg et a., 2007).
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Both TB and HIV have profound effects on the immune system, as they are capable of disarming
the host’s immune responses through mechanisms that are not fully understood. HIV infection
progressively impairs the immune system and makes the individual more vulnerable for
opportunistic infection like by Mycobacterium tuberculosis. The progressive quantitative and
qualitative impairment of CD4+ T cellsis well established, and the loss of activated CD4+ T cells
starts in the early phases of HIV infection and is accompanied by reduced proliferative responses
and altered cytokine secretion (Boasso et a., 2009). Although depletion of CD4+ T cells explains
much of the immune suppression in HIV infections, the precise mechanisms involved in the onset
of immune pathology during the infection have not yet been resolved (Appay and Sauce, 2008).
The metabolism of L-arginine by arginase is emerging as a crucial mechanism for the regulation of
immune responses against infectious diseases. Depletion of L-arginine by arginase enzyme has
emerged as a powerful immunosuppressive pathway of the immune system (Bronte and Zanovello,
2005).

The influence of L-arginine deficiency on the function of human T lymphocytes was analyzed and
found a down-regulation of the T cell receptor (TCR) (-chain, a critical signaling element of the
TCR, as a possible mechanism for the impaired T cell function under conditions of L-arginine
depletion (Rodriguez and Ochoa, 2008). Arginase enzyme reduces the bioavailability of L-arginine
and impairs T cell responses: high arginase activity results in reduced availability of extracellular
L-arginine in the microenvironment. In turn, this decrease in L-arginine results in T cell hypo
responsiveness (Bernard et a., 2001, Bronte and Zanovello, 2005, Muller et a., 2009). And this
major arginine metabolizing enzyme, arginase 1 is expressed by myeloid cell in the presence of
immune stimulation beyond the norma level (Luiking et al., 2004). High arginase enzyme
expressions have been reported in a variety of infectious diseases, including tuberculosis (Zea et
al., 2006), and HIV (Cloke et a., 2010a).

1.4 Significance of the study

Increased arginase activity has been shown to impair T cell responses by reducing the
biocavailability of immunologically important amino acid, L-arginine. Previously higher arginase
activity has been described in various infectious diseases including in AIDS/HIV and TB, so this
study isimportant to validate the consistency of the result and also so as to test for the first timein

the blood of HIV/TB co-infection. Our study also will have important implications for the
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advancement of knowledge about the pathogenesis of HIV, TB and HIV/TB co-infection. This
study may also open up new and novel therapeutic avenues to target dysregulated T cells
responses. Moreover, this study will stimulate further study on arginine metabolism and arginase
function in other pathological condition and supports the growing body of literature regarding the
potential role of arginase on host’s immune response and on modulation of T cell responses by the

catabolic pathway of arginase.
1.5 Objective
1.5.1General objective

> To determine the level of arginase activity in the blood of patient with HIV, TB and
HIV/TB Co infection.

1.5.2 Specific objectives

» Tocompare arginase activity in PBMC of HIV, TB and HIV/TB co-infected patient
with healthy controls.

» To compare Arginase activity in PBMCs and plasma of HIV patients with HIV/TB
co-infected patients.

» To compare Arginase activity in PBMCs and plasma of TB patients with HIV/TB
co-infected patients.

» To determine correlation of arginase activity with BMI of HIV, TB and HIV/TB
co-infection and CD4 T cell counts of HIV and HIV/TB co-infection.
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2. Material and methods

2.1 Study area and

The study area, Addis Ababa, administrative region, isthe capital city of Ethiopia covering an area
of 540 sg. km. The total population of the city is about 3.3 million with 5046 peoples per square
kilometer, more of slum and overcrowded. The Administrative region has 10 sub cities and 106
woredas (districts). According to Addis Ababa heath bureau report of 2010, there were 49
hospitals of which 13 were government owned, 5 NGOs and 31 are private, 36 public health
centers, and 130 public heath stations, 700 different levels private clinics are found in Addis
Ababa city Administrative region (Hhi., 2007). This study was conducted at St. Peter’s and
Zewditu hospital, Addis Ababa, Ethiopia. These hospitals are conveniently selected which provide
voluntary HIV counseling and testing, well known in their ART services, tuberculosis diagnosis
and treatment. These hospitals provide services to the population in the surrounding area of the

city and also patient from every corner of the country.

2.2 Study subject

For this cross-sectional study, 17 apparently healthy HIV seropositive patients, 17 AFB positive
pulmonary TB patients (HIV seronegative) and 17 patients who are co-infected by the two
pathogen (HIV/TB) were recruited from St. Peter’s and Zewditu hospital; informed written
consent was obtained from each patient. Moreover, 9 apparently Healthy Volunteer individuas

were aso used as control.

The diagnosis of TB was based on positive smear microscope for AFB whereas HIV seropositivity
was based on the standard HIV test algorithm.

2.3 Study design and period

A cross-sectional study design with convenient sampling method was employed in order to
determine the level of arginase in the blood of HIV, TB and HIV/TB co-infected patients from
April 2014 to September 2014.
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2.4 Sampling Technique

After briefly describing of the purpose, advantage, and over all nature of the study to the study
participants, the consent of every individua was taken. The consent form was trandlated into
simple (non-medical), local languages, and read for those who were illiterate. The blood sample
was taken from those who gave their consent. 20 milliliter blood sample was collected to EDTA
tube (anti- coagulated) and isolation of PBMC and plasma was done within 2 hours of sample
collection. The arginase enzyme assay as well as isolation of PBMC and plasma was done at
Black lion Hospital. Basic information on the socio demographic characteristics and clinical data
like CD4 T cell count, BMI and TB constitutional symptom of the patient was obtained from the

patient’s hospital records (cards).

2.5 Selection Criteria

Inclusion criteria: Exclusive volunteers and patients whose age is eighteen and above.

Exclusion criteria: Extra pulmonary tuberculosis patients, pregnant women, unconscious and

patients on anti-TB therapy and ART are excluded.
2.6 Study variables
The level of arginase activity isthe only dependent variable.

The independent variables are:-
» CD4
> BMI

» HIV infection

» TBinfection

» HIV/TB co-infection

2.7 Laboratory procedures
2.7.1 Peripheral Blood

Twenty ml of blood was collected from patients before initiation of treatment and controls in BD
Vacutainer EDTA tubes. Plasma was obtained after centrifugation of 1ml of blood at 1800 rpm for
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10 minutes and stored in 1.8ml tube at -20°C until use. Peripheral blood mononuclear cells
(PBMC) were isolated without delay using a large bore pipette tip after density gradient
centrifugation on Histopaque®-1077(Sigma) following manufacturers instruction. Briefly, 18ml of
Histopaque-1077 was added to a labeled 50ml conical centrifuge tube and kept at room
temperature and almost equal volume of blood from EDTA tube was carefully overlaid onto the
Histopaque-1077. After centrifuged at 1900rpm for 20minutes the PBMC layer was aspirated with
a Pasteur pipette to within 0.5 cm of the plasma/Histopague-1077 (opaque) interface carefully
without/with minimum plasma and Histopaque-1077. Aspirated cells were transferred into new
conical centrifuge tube and mixed with 10ml phosphate buffered saline (PBS) and washed by
centrifuging at 1800rpm for 10 minutes and supernatant decanted. This procedure was repeated
twice and the cells were resuspended in lysis buffer (0.1% Triton X-100, 25mM Tris-HCl and
10mM MnCl,, Sigma) and stored at -20°C until further use.

2.7.2 Deter mination of arginase activity

The activity of arginase in plasma and PBMC of HIV, TB, HIV/TB co-infected patients and
healthy controls was determined using colorimetric assay based on color formed when urea
produced is heated in acid with o-isonitrosopropiophenone as described elsewhere (Kropf et al.,
2007). The urea that forms color comes from the hydrolysis of a known concentration of L-
arginine added in the procedure following the activation of the enzyme arginase in the samples
tested. The method was described to be sensitive and unaffected by other metabolites (Munder et
al., 2006).

The procedure briefly is as follows, 50ul of plasma or PBMC were heated at 56°C for 10 min
using thermal cycler to activate the enzyme. Fifty ul of 0.5M L-arginine (pH 9.7) was added to the
activated enzyme and incubated at 37°C for 60 min to facilitate the hydrolysis of L-arginine.
During the activation and hydrolysis steps a standard urea solution of different concentration (50,
25,125, 6.25, 3.125, 1.625mg/dl) was prepared using distilled water. The reaction was stopped by
adding 400ul of Acid mix (H2SO, (96%)/H3PO, (85%)/H20 (1:3:7, viviv)). Twenty ul o-
isonitrosopropiophenone (ISPF, dissolved in 100% ethanol, Sigma) was added and mixed
thoroughly and incubated using thermal cycler at 98°C for 45 min followed by incubation at 4°C

for 30 min for the development of characteristic color. The urea standard was treated similarly
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with samples. After incubation at 4°C for 30 min thoroughly mixed 200ul of the mixture was used
for measuring optical density at 550nm. For the determination of arginase activity in the plasma,
in addition to the above step arginase activity was also measured without activation and hydrolysis
steps and the value obtained was subtracted from the value obtained from the step with activation
and hydrolysis. The standard curve developed from the standard urea is used to calculate the
amount of the enzyme or its activity. The enzyme activity is described as mU/ml. One unit of
enzyme activity is defined as the amount of enzyme which catalyzes the formation of 1 umol

urea/min.

Calculation of arginase activity

m p sc =(mgu xm )+ (mMu Xti )

= Optical density measured in the arginase enzymatic assay

=60
= 1000

2.7.3 Preparation of urea standard and development of standard curve

1. 5ml of 1000mg/dl urea standard solution was prepared by dissolving 50mg urea powder () in 5
ml of distilled water.

2. Then 1ml, 100mg/dl urea standard solution was prepared by diluting the 1000mg/dl stock
solution 1:10 by taking 100ul of stock and 900 ul of distilled water.

3. Urea standard solution of different concentration (50, 25, 12.5, 6.25, 3.125, 1.625mg/dl) was
then prepared by serially diluting the 100mg/dl solution 1:2.
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Urea concentration Amount of stock transferred Distilled water
100mg/di 100 pl from 1000mg/dl 900 pl
50mg/d 1ml from 100mg/dl 1ml
25mg/dl Iml from 50 mg/dl Iml
12.5mg/dl Iml from 25mg/d Iml
6.25mg/dl Iml from 12.5mg/dl Iml
3.125mg/dI 1ml from 6.25mg/dl Iml
1.625mg/dl Iml from 3.125mg/dl Iml

urea standared curve
2.5
y = 0.047x - 0.047
R2 = 0.990
2 /
1.5
a /
o
1
0.5
O n T T T T T 1
0 10 20 30 40 50 60
concentration in mg/dl




2.7.4 Preparation of lysis Buffer

Lysis buffer was prepared by adding 20ml of 0.1% triton, 20ml 50mM tris-HCI of 7.5 ph and 2ml
100mM manganese chloride (previously in cold room, now in fridge) into labelled centrifuge tube
and vortex and Stored in fridge.

2.7.5 Preparation of 0.5M Acid Mix

0.5M Acid Mix was prepared by mixing 320ml dH,0, 135ml phosphoric acid and 45ml sulphuric

acid slowly in fume cupboard on ice.
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Overall Laboratory procedures

20 ml blood sample

A 4

| solation of plasma

| solation of PBMC

v

Cell wereresuspended in lysis buffer

Stored at -20 °c until further work

A

A 4

Colorimetric enzyme assay

Figure 2.7 Chart showing overall procedures of the lab
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2.8 Quality assurance

The blood sample was collected by using aseptic techniques. The functionality and the sterility of
the equipment for transportation and material for sample taking laboratory work have been

carefully monitored. The urea standard was run daily while running the sample.
2.9 Data Analysis

Data were evaluated for statistical differences by use of a 2-tailled Mann-Whitney U test and for
correlation by use of a Spearman correlation, with Prism software (version 6.0; GraphPad) and
differences considered as statistically significant at p < 0.05. Unless otherwise specified, results

are expressed as meantSEM.

2.10 Ethical clearance

Ethical clearance was secured from Departmental Ethical Review and Research Committee
(DERC) of department of Medical Microbiology, Immunology and Parasitology (DMIP), College
of Health Science, Addis Ababa University before starting the field work. Official letter of co-
operation was written to each selected Hospita by department of Medica Microbiology,
Immunology and Parasitology, College of Health Science, Addis Ababa University. The proposal
also reviewed by the Ethical and Research Committee of St. Peters Hospital and Consent was
obtained from each hospital. There was a high degree of confidentiality during data collection and
informed consent has been obtained from each study subject, no name and other identifier are not
written. The instrument and procedures used in this study did not cause any harm to the study
subjects, data collectors and supervisor who were involved in the study.

2.11 Dissemination of results

The findings of this study will be presented to department of microbiology, parasitology and
immunolog. The findings will aso be disseminated to different organizations (governmental and
non-governmental) that will have a contribution to improve and preventing the wide spread of
Tuberculosis and HIV. Findings will also be presented in different seminars and workshops to

disseminate and it may also be submitted for possible publication and scientific journals as well.
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3.RESULT

3.1 Clinical data

A total of 51 patients (a group of 17 patients for each group) and 9 healthy controls were recruited
for this cross sectional study. Of all patients, 30 are female and 21 are mae where as 7 of the

control are females and had a median age of 24 (IQR, 25-28). HIV/TB patient had a median age of
39 (IQR, 32-44) and the median age of HIV and TB group was 30 (IQR, 25-39.5) and 32 (IQR,
25- 38.5) respectively. All HIV/TB and TB patients’ had a complaints of cough (> 2 weeks
duration), fever, night sweat and weight loss (TB constitutional symptom).

The nutritional status of the patients and healthy control was assessed by calculating their body
mass index (BMI). As shown in fig.3.1 (A) The BMI of hedthy control was statistically
significantly higher as compared to the BMI of HIV/TB co-infected patient (HIV/TB:
17.61+0.5115 kg/m?, control: 22.12+0.7816 kg/m?, p = 0.0002), TB patient (19.20+0.4108 kg/m?,
P = 0.0045) and HIV patient (18.63+0.5057 kg/m?, p = 0.0015). The difference between the mean
BMI of HIV/TB patients and the mean BMI of TB patient was statistically significant (p = 0.0326)
but we didn’t found statistically significant difference between BMI of HIV/TB and HIV patients
(p = 0.1903). Seven out of 17 HIV patients (41.1 %), 6 out of 17 TB patients (35.3 %) and 10 out
of 17 HIV/TB co-infected patient (59%) had a BMI below 18.5 which were manourished (Who.,
1999). None of the TB patient , 5 out of 17 HIVV/TB co-infected group (29.4 %) and 2 out of 17
HIV group (11.7 %) had a BMI of less than 16 which were severely malnourished (Who., 1999).
Therefore, HIV/TB co-infected patients were the most malnourished and severely malnourished
group than both HIV and TB groups.
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Figure 3.1(A) Measurements of BMI (HIV/TB group: n =17, TB group: n = 17, HIV group: n =
17 and control group: n = 9). The Box represents the median and IQR and the whisker represent

the range. NS = not significant and * represent level of significance.

Both HIV and HIV/TB co-infected patients had remarkably reduced CD4+ T cell counts.
Moreover, the result in (figure 3.1 (B)) shows that CD4+ T cell counts were significantly lower in
the blood of HIV/TB co-infected patient than in the blood of HIV patients (HIV/TB: 192.1+17.12
and HIV: 267.6+30.48, p = 0.0476).
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Figure 3.1 (B) CD4+ T cell counts (cellml of blood) of HIV/TB patients vs. HIV patients

(HIV/TB group: n =17 and HIV group: n = 17). The Box represents the median and IQR and the

whisker represent the range. * represent level of significance.

3.2 Arginase activity in PBMC

Arginase activity in PBMC of healthy controls was measured and compared with PBMC arginase
activity of HIV, TB and HIV/TB patients. As shown in Figure 3.2 statisticaly significantly lower
level of arginase activity were measured in PBMC of healthy controls as compared with PBMCs
arginase activity of HIV/TB co-infected patients (HIV/TB: 157.5+1.298mU/ml blood, controls:
28.26+£4.663 mU/ml blood, p = < 0.0001), TB patients (76.73+10.76 mU/ml blood, p = 0.0023)
and HIV patients (60.67+9.927 mU/ml blood, p = 0.0380). Arginase activity in PBMC of HIV/TB
co-infected patient was also compared with arginase activity in PBMC of TB and HIV patients.
Interestingly, the difference was statistically significant in PBM Cs arginase activity of HIV/TB co-
infected patients with TB patients (P = < 0.0001) and HIV patients (P = < 0.0001).
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Figure 3.2 Arginase activity in PBMC of patients and healthy controls (HIV/TB: n=17, TB: n =
17, HIV n= 17 and control: n = 9). The Box represents the median and IQR and the whisker
represent the range. The activity level of arginase was measured by enzyme assay. * represent

level of significance.
3.3 Arginase activity in plasma

Similar to PBMC arginase level, the level of arginase enzyme in we plasma of HIV/TB, TB, HIV
patients and healthy controls and compared with each other. As shown in fig. 3.3 statistically
significantly lower level of arginase activity was detected in plasma of healthy controls as
compared to arginase activity in plasma of HIV/TB co-infected patients (HIV/TB: 14.94+1.329
mU/ml blood and control: 6.219+0.6087, p = < 0.0001) and TB patients (8.116+0.7410 mU/ml
blood, P =0.0429). The mean arginase activity in plasma of health control was amost similar with
the mean arginase activity in plasma of HIV patients (6.297+0.9163, p =0.4994). Furthermore,

arginase activity in plasma of HIV/TB co-infected patients was compared with arginase activity in
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plasma of HIV and TB patients and the result demonstrated that the higher mean level of arginase
activity in the plasma of HIV/TB co-infected than the mean arginase activity in the plasma of TB
and HIV patient was statistically significant (P =0.0003 and p = < 0.0001 respectively).
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Figure 3.3 Arginase activity in plasma of patients and healthy control (HIV/TB: n= 17, TB: n =
17, HIV: n = 17 and control: n = 9). The Box represents the median and IQR and the whisker
represent the range. The activity level of arginase was measured by enzyme assay. NS = not
significant and * represent level of significance.
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3.4 Arginase activity with BM| and CD4

BMI is used to assess the nutritional status of adults and a CD4 count measures how well the
immune system is working, next we assessed the correlation of arginase activity with BMI and
CD4 count. Spearman's rho correlation was used to correlate arginase activity with CD4 T cell
count of HIV and HIV/TB patients and with BMI of HIV, TB and HIV/TB patients. As shown in
fig 3.4(A & B) Interestingly a statistically significant negative association was found between
arginase activitiesin PBMC of HIV/TB and HIV patient and their CD4 T cell count (HIV/TB: r =
- 0.8694, p < 0.0001 and HIV: r = -0.8554, p < 0.0001). Moreover Spearman's rho correlation also
shows strong negative association between arginase activity in PBMC of HIV, TB and HIV/TB
patients and their body mass index, however the association between arginase activity in PBMC of
HIV/TB patients and BMI is not statistically significant (HIV/TB: r = -0.4353, p = 0.0807, HIV: r
=-0.6838, p = 0.0032 and TB: r = -0.8750, p< 0.0001) (Fig.3.4 C-E).
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Figure 3.4 (A) Correlation between the level of arginase activity in peripheral blood mononuclear
cellsand CD4+T cell counts, among HIV/TB co-infected patients ( n = 17)
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Figure 3.4 (B) Correlation between the level of arginase activity in peripheral blood mononuclear
cellsand CD4+T cell counts, among HIV patients (n = 17)
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Figure 3.4 (C) Correlation between the level of arginase activity in peripheral blood mononuclear

cells and Body mass index, among HIV/TB patients (n = 17).
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Figure 3.4 (D) Correlation between the level of arginase activity in peripheral blood mononuclear

cells and Body mass index, among HIV patients (n = 17).
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Figure 3.4 (E) Correlation between the level of arginase activity in peripheral blood mononuclear

cells and Body mass index, among TB patients (n = 17).
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4. Discussions

Amino acid starvation is increasingly recognized as a potent immune regulatory mechanism. For
example, cysteine depletion leads to cell cycle arrest in human T cells, due to intracellular
glutathione reduction and altered redox regulation (Sido et al., 2000). Reduction of the levels of
another amino acid, tryptophan, by the enzymatic activity of indoleamine 2 3-dioxygenase (IDO)
in the kynurenine pathway suppresses maternal T cell responses during pregnancy and thereby
contributes to the tolerance of allogeneic fetuses (Munn et al., 1998). The catabolism of the semi-
essential amino acid L-arginine by arginase is aso emerging as a potent mechanism for the
regulation of T cell responses (Munder et a., 2006, Kropf et al., 2005, Makarenkova et al., 2006)
because availability of these amino acid is essential for normal T-cell proliferation and function
(Bronte and Zanovello, 2005, Rodriguez et al., 2003, Ochoa and Makarenkova, 2005). Several
investigators have further investigated the importance of L-arginine on specific cellular and
molecular functionsin the T lymphocyte (Rodriguez et a., 2005, Rodriguez et a., 2003, Bronte et
al., 2003a). Upon arginine deprivation, there is a progressive reduction (to 25% of basal levels) in
the number of T-cell receptors on the cell membrane. This is principally due to the trandlational
regulation of the expression of the {-chain peptide (Rodriguez et a., 2005, Rodriguez et al., 2003,
Taheri et al., 2001), an essential component of the T-cell receptor complex. Importantly, CD3 ¢
chain expression and T cell proliferation have been restored by addition of both a competitive
arginase inhibitor and by the addition of exogenous L-arginine (Kropf et a., 2007). Interestingly,
loss of the CD3 ( chain is observed in certain cancers (Kusmartsev and Gabrilovich, 2006) and in
HIV infection (Cloke et a., 2010b), both disease processes associated with decreased T-cell

function and increased arginase expression.

In this study, we measured the level of arginase, an enzyme with potent immunosuppressive
propertiesin PBMC and plasma of healthy control aswell asin PBMC and plasmaof HIV, TB and
HIV/TB co-infected patient and compare with each other. The level of arginase is statistically
significantly increased in PBMCs of HIV-seropositive patients as compared to healthy control.
Consistently, the level of arginase activity in PBMC were statistically significantly higher in HIV-
seropositive patients with a low CD4 T cell count (< 350 cellg/uL) than those in control
participants (Cloke et al., 2010b), and our patients also had amean CD4 T cell count of less than

350 cellg/yL too. Moreover, arginase activity in PBMCs and plasmas of pulmonary tuberculosis
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patient were also still notably higher than arginase activity in PBMC and plasmas of healthy
controls. In other study conducted by Zea et a. showed that high levels of arginase activity were
measured in patients who have active tuberculosis and it coincide with reduced levels of L-
arginine in the plasma (Zea et a., 2006). Finally, we report for the first time, to our knowledge,
that the level of arginase, an enzyme that catabolizes L-arginine is statistically significantly
increased in PBMCs and plasmas of HIV/TB co-infected patients as compared to healthy controls.

The level of arginase activity in PBMC and plasma of HIV/TB co-infected patients was aso
compared with HIV and TB patients in order to test whether arginase activity was even further
increased in co-infected patients. Interestingly, statistically significant increased levels of arginase
were measured in both PBMC and plasma of HIV/TB co-infected patients as compared to plasmas
and PBMCs arginase activity of HIV and TB patients. Similar study conducted on VL and
VL/HIV co-infected patient, statistically significantly higher level of arginase was measured in
PBMC and plasma of VL/HIV co-infected patients as compared to VL patients (Takele et al.,
2010).

High arginase levels imply a high rate of substrate (L-arginine) consumptions and decrease level
of extracellular L-arginine, immunologically essential amino acid. It has been shown that higher
arginase activity coincides with lower levels of L-arginine and lower expression levels of CD3 (in
T cells (Cloke et al., 2010b). In this study, we have not measured the level of L-arginine in the
plasma of our patients. Arginase-induced L-arginine depletion has been associated with profound
T cel dysfunction, and the expression level of CD3 { in T cells is used as a marker of T cell
hyporesponsiveness (Bronte and Zanovello, 2005, Kropf et a., 2007, Ochoa et a., 2007). The
molecular basis for this T cell dysfunction induced by L-arginine deprivation has recently been
identified: the absence of L-arginine arrests T cells in the GO-G1 phase of the cell cycle
(Rodriguez Pc et al., 2007).

In addition to impairing T cell functions, arginase activity has aso been shown to favor parasite
growth in macrophages. arginase catabolises L-arginine into polyamines, which are the main
intracellular source of the polyamines necessary for the growth of the parasites (Kropf et al.,
2005). Similarly, polyamines aso appear be important for HIV replication,

since blockage of a key enzyme in polyamine synthesis efficiently suppresses HIV-1 replication
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(Schafer et a., 2006). Besides, it is aso shown that Mycobacterium enhances arginine transport in
infected macrophage and acquires the metabolites necessary for bacterial growth (Peteroy-Kelly et
al., 2003). So it is possible that the degradation product of L- arginine resulted from the hydrolysis
of L- arginine by arginase could benefit both TB and HIV replication. This might also account for

exacerbated disease outcome associated with TB, HIV, and HIV/TB co-infection.

Malnutrition is associated with immune dysfunctions and increased susceptibility to infections
(Morley, 2012), and our result indicate that the highest arginase activity was measured in PBMC
and plasma of the most malnourished HIV/TB group. Moreover, there was an inverse correlation
between arginase activities in PBMC of HIV, TB and HIV/TB patients and their BMI though the
association between PBMC arginase activity of HIV/TB patients and their BMI is not statistically
significant: increase arginase in PBMC of HIV, TB and HIV/TB patients was correlated with
reduced body mass index. Malnutrition is remarkably common in HIV/TB co-infected patient as
59 % of HIV/TB patient had BMI below 18.5. Macrophages and monocytes from malnourished
mice express significantly more arginase both in vitro and in vivo (Corware et al., 2014). Similarly
our results also show that relatively higher arginase activity was measured in periphera blood
mononuclear cells of the most malnourished HIV/TB patients.

Furthermore, we have also associated CD4+ T cell count of HIV and HIV/TB co-infected patients
and arginase activity. Interestingly, a highly significant inverse correlation was found between
increased arginase activity in PBMC of HIV/TB and HIV patient and their CD4 + T cell count.
Similar association between CD4+T cell count and arginase activity was observed in HIV
seropositive patients (Cloke et a., 2010b). Our study aso revealed that PBMCs from HIV/TB co-
infected patients with alower CD4 T cell count (as compared to HIV patients) express statistically
significantly higher levels of arginase activity than PBMCs arginase activity from HIV-
seropositive patients with a higher CD4 T cell count (as compared to HIV/TB co-infected
patients). Mycobacterium tuberculosis resides primarily in a vacuole within the macrophage, and
thus, magjor histocompatibility complex (MHC) class |l presentation of mycobacterial antigens to
CD4+ T cellsis an obvious outcome of infection. These CD4+ T cells are most important in the
protective response against Mycobacterium tuberculosis (Raja, 2004). Likewise, immune
dysfunction leading to AIDS is characterized by a profound decline in the number and effector
functions of CD4+ T cells (Boasso et a., 2009). Here, we propose that the higher levels of
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arginase activity observed in PBMC and plasma from HIV/TB patients with a lower CD4 T cell
count result in lower levels of L-arginine, thereby causing dysregulation of CD4+ T cell responses.
In other word, the CD4+ T cell counts, which are closely associated with disease severity and
immune suppression (Clerici et a., 1989, Shearer and Clerici, 1991, Appay and Sauce, 2008) were
significantly lower in HIV/TB patients as compared to HIV patients. The results presented in our
study could explain this weakened immune response as we had shown that arginase, an enzyme

with potent immunosuppressive properties, is even further increased in the PBMCs from HIV/TB
patients.
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5. Conclusion and recommendation
5.1 Conclusion

In conclusion, we found a significant increased arginase activity in PBMC of HIV, TB and
HIV/TB co-infected patients than in PBMC of healthy controls. Similar result was also observed
in the plasma of TB and HIV/TB co-infected. The level of Arginase activity was aso found higher
in the PBMC and plasma of HIV/TB co-infected patients than HIV and TB patients. Moreover,
arginase activity was found inversely correlated with BMI of HIV, TB and HIV/TB patients and
with CD4+ T cell count of HIV and HIV/TB patients.

5.2 Recommendations
In accordance with our study we recommend:

v A better understanding of the events that result in the up-regulation of arginase and the
subsequent down-regulation of T cell responsiveness will improve our understanding of the
complex mechanisms that lead to progressive immune dysfunctions in patients with HIV,
TB and HIV/TB co-infection and provide new targets to improve the efficacy of therapy.

v' Further work on the impact of arginase-mediated L-arginine catabolism on the
pathogenesis of other infectious disease, as this may result in the identification of novel
therapeutic interventions that might interfere with this arginase enzyme pathway and
therefore improve immune responses and finally resistance to infectious diseases.

v Increased arginase activity is known to cause depletion of L-arginine (immunologicaly
essential amino acid), so the following mechanism are proposed in order to treat L-arginine
starvation:-

» prevention of arginase up regulation and
> Dietary strategiesin order to restoring arginine concentrations.
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ANNEXES

Annex 1. Participant Infor mation Sheet

Title: Arginase activity in the blood of patient with HIV, TB and HIV/TB co infection at Addis
Ababa, Ethiopia.

Objective of the study: To measure arginase activity in the blood of HIV, TB and HIV/TB co
infection at Addis Ababa, Ethiopia.

Organizations: The study will be conducted by Addis Ababa University, school of Graduate
studies. Laboratory procedureisto be carried out at Black lion Hospital.

Procedure: Expert (in the area) will collect blood sample from vein in the left arm other than for
routine diagnosis, but only for this research purpose. Laboratory method to be used is arginase
enzyme assay.

Participation: The procedure is to be carried out after getting your willingness to participate.
Those patients who are exclusive volunteers and fulfilling inclusion criteriawill be included.
Risks associated with sample collection: No risk during blood specimen collection except some
sort of discomfort during vein puncture.

Benefit: there is no direct benefit in involving in this study but the result of this work can
contribute something in the advancement of knowledge towards restoring immune dysfunction
caused by these arginase enzymes and for the better understanding of pathogenesis of HIV and
TB.

Compensation: No compensation will be given for your participation in this study except for
elapsed time and transportation.

Confidentiality: From medical ethics point of view and research ethics, every part of your
personal information will be kept confidentially. Information to be collected from your hospital
record and variables expressing your identity will be coded secretly. The only responsible person
to link your variables (important for your follow up and treatment) with the code number is the
principa investigator. However, other researchers can see your clinical information, which is

without your identity

55



Dissemination of the result: Eventually, the result devoid of your identity will be reported
through publication or by other means. Have no suspicion on the confidentiality of your
information, even at thistime.

Right to refuse or withdraw: Thus, it isyour right to agree or to refuse to participate in the study.

Refusing to participate will not have any impact on your medical follow up.

Y ou can address your problem or question through one of the addresses given bellow.
Contact Addresses:

1. Mohammedmensur Abdu, Address: Addis Ababa University, College of Health Science,
department of Medica Microbiology, Immunology and Parasitology, Mobile:
+251911519684, E-mail — mohammedmensur@gmail.com

2. Dr. Tamirat Abebe, Address. Addis Ababa University, College of Health Science,
department of Medica Microbiology, Immunology and Parasitology, Mobile:
+251911447227, E-mail tabebezel eke@yahoo.com

3. Addis Ababa University (College of Health Science), address. Office of Associate Dean,
Postgraduate Programs and Research. Tel. + 251-011-551-28-765, P.O. Box 9086, Addis
Ababa, Ethiopia

Thank you for your patience and kindness
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Annex 2: Informed Consent Form

| read and/or well informed about the nature of the study, entitled “arginase activity in the blood
of patient with HIV, TB and HIV/TB co infection at Addis Ababa, Ethiopia. . Then, she/he
asked my willingness to give the blood sample to be collected for this research purpose. Finally,
she/he told me that thiswill be certain if | agree on the following points and signed bellow.

a) | understood the objective of the study

b) I understood that the sample won’t be used for farther study, and after completion of the whole
procedure, the leftover sample will be discarded safely

¢) | understood that clinical data about me which isimportant for this study will be extracted from
my hospital record (card)

d) | am aware of any information describing my identity which is taken from my hospital record,
won’t be disclosed and also will be kept confidential

e) | understood that | won’t get money for being part of the study except compensation for
transportation and elapsed time.

f) | clearly informed as | have the right to refuse to participate.

g) | understood that my refusal to take part in this study won’t have impact to my future medical

follow up.

| have had enough time to think over it freely and | understood it well. | found it would have
positive impact for the advancement of knowledge toward HIV and TB. My agreement to this

consent is without any external enforcement, and will be confirmed by my signature, below

Theinformation sheet was given/ explained to me by: -------------=-----==------ signature |
Phone --------=--==---=----

Name of participant: -------------------  SIQNAEUIE —enmememmeeemmeeemeee [
Name of 18b0ratory techniCian: ----------<=-=x=mmszmmmemmen . SgnAtUre - R
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AT F6PT PPGE av P Ph

Con: PACE B A THRI® ANt (E(LEAT AP . AG /AT AP O, YarTIFTF £9° MAm
PGk GATT: PHY TST AATT (ELFAT AR TL AT EO/AT AR 0. Voo ®IFT 4G fC 19 Qe wPT L9
QAT ACEEH ATHEIPT avAnet jm-::
TGERY PPPNYLL@ &CPT: AN AN RTOCA: T PLUL 4P FIPVLT W 1::
PANLASDIP (14~ PTLNLLA. (ALN ANA RFACA VNICT 4k PEC A70A PATHA QAT 10.::
PGaoG hMANS: YL PLI° GavG T AL NAATP-P ATINT T LOWSA::
TFE: (1T5E ONT PAPATE a1 P eFm0P 10 1 Gav-GaLy PI°TDALA. PACAPT a0 G P8 NTTT F
10.:: AL CET RIPPTING € P0G PP N TGE AT 210N ::
(1Go0¢ AOANL: L AITPF 07LTFoe TACT: OHY TG AL Navvrtd P ALCANPT PoLTFA ALD PATP ::
h et ALTHF P9 0t PPIP: (Y TGT AL (aoviHE.P IOI9° AR PTG PPI° PAD-9° 11C 17 8V TG
024 NEL AG T AP 1. D OHOPH ToICT AL ATLAG TGAT ADTFP PHI° AAD- ::
ahhg: (LY TR AL tAFd NAPE °79° h@rt TP ALITF® 7 (75 NPT POkt O
(At 7°CHG AQ'sT L) YA FerMA g P ehAd::
PATC AN @mP: (WNIG av-@ Al aPAlFE TTTTDRI° G PN ol EP (PO TC SN FA:: hIPATIA
a1l HANAND. e8P TIPEPT N9981A% (PATC ne @ h9PT+HC h1810 LLLIA: PANCFRS
Q.M APP AT 0P eePrg® (1AL PACALT A9° ALHIP:: LUt ATEE AT +avsa18PT COPT
Tt LAAET TP L8 STAN:: L EPT MM APIC ArtmPAL AATT F LDAA::
o.Mt A1 Z&TS av1i: TGk htamGee NPA T @ack OFALe o718 RIAA:: PhCOPT “17rE
ATLTICHG PPATCP A2t mOP SIPGA:: AHUI® PACALT N7 €98 WML PAT::
75k LATPATG ao-1F: (PGE AT PaPATEI® (P A aPA-H§ av< av(1+ AAPF:: 176k DAT AATPATEIP
N7.0mP+ VPG AL 990 AR 1T FoIC ALarMyP::
Fav T PTFY ALTFO CTLTFANFD AL SAPT: AN TR T1EO9° ALTE TP NAPT holhtit @0t
PATRT W40 Smbap-::
1. aopao@av i A% P ALCA AN AN 7004k POLA +251911519684 ¢ A-avi —
mohammedmensur@gmail.com
2. &IC F¢t KON : ALLA 1 ALN ANO RYALAE  POSA+251911447227 h.-avRi
tabebezel eke@yahoo.com
3. AZ0 ANA RLACAE F PUNIPS dhedvt T 0RUL 9PLPG 9PCIPC (L ¢ 77.4.¢. 9086. AL ANA ¢

A8 T dh 251-011-551-28-765

ATPO1G AU ::
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ATt aomPP o

IOt 0L ha%To~t “ACEEH AHRP® O LT AL . AT /AT AL 0. Yer9ITT L9° @nT
MH@QSE AG PO TTCH PATIA” QA HIAD. TG 0 THO, ATFFAAU::  PPPAM@. Gav-G NFHHAT
goCavs. M AMGE AAT NF  OPET ATIH0AAD:: (9%REAT° GavGmy agp,T 999401ma.
N“LtAt 1T G919 AF aoPE AP A

U. 076k G497 MORFA ::

A. GaPGRIP Pt aPl8% NTIAR@. %GAT) @¢h, AIRIICMAS 4. GavG AP (TrPE ATLILOIE
Tl&F AUt

h. ATGE 0T mPav AT 07 1AM- aPLEPT NPATHA ePHT A7291L.PNL ADBAAY-::

av, aoBEPE Vb7 KILTILING WTAUI° TLATELPR WIRTLPT HL&FAu-::

w, 0TG-k AT AAPTE ARPY TEI07°CHE AaYt LH 8PP +apMA TIHA A7R91LAM™T ADBhAU-
(ha)::

L. 0PGE @NT PATPATE a1 KRN HL&FAU-:

A. 0PG5+ QAT AATPAFZ 0T.AMT UNIPG AL 9O79° TFoIC A1RTTPavA) hD.PhAD-~:

QA 7ok N0t @L9° hATu-t T (¢ L OOE A A, F O THL ATTFAU:: QAP T 075 E QAT
ad-+4, mPTL, T NATTUE £ (160 ONT Gov-Gay AdPamt §PLT1E PP 8T 14.CTT% AL INAY-:

/B M7 PAMD* AD< AJP---------===mmmmmmmmm oLy — adh --------
G R A 20 | S —— -G --—-- Y P——
Gav-Ga. POALA. AD+ --------=----===-- $C97 ---- NAR ---------
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