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ABSTRACT 

trypanosomiasis diseases caused pathogenic trypanosomes, 

humans To detennine immunological role of 

members in brucei, evansi and Trypanosoma 

infections, IL-12p40-1
- and mice were 

While two latter mouse lack all IL-12 12p35-1-

12p80 homodimers IL-23. 

+",,,j"1""'" with T. b. 

were susceptible to 

COIltlpared to wild 

similar mortality 

nmnO(UmeI or IL-23 plays a 

in the absence 

hpf,,,,p~'n IL-12 defici ent 

infection, was 

T. evansi; IL-12p35-1
-, or IL-12p35-1-/p40-1-

pathogens, delnOltlstJrat(;:d . by increased 

The dltt:ereJnt 

suggesting 

role in survivaL VU"U"U~J 

deficient mouse 

but not 

parasitemia ('nrlfTn was 

While plasma of IgM and IgG2c were .,un' ....... 

wild type production, especially 

rnrllUrf'll in all IL-12 .... '""""' ........ mouse strains, demonstrating 

an IL-12p70-dependent u."""'~ ...... .,"u IFN-y production. IFN-yR/- mice were also 

susceptible to 

production seems to 

pathogens. 

T. b. brucei and T. 

important mechanism resistance ".F.'''''''''' 

Surprisingly, in infection with T. congolense, all deficient mouse strllnns showed 

chronic stages 

levels were ........ H"'. 

deficient mice was 

compared to wild 

•••••• O-J reduced 

mice . 

acute 

stage 

hepatocellular damage, demonstrated by 

aminotransferase measurements. In contrast, 

analysis and 

10 production was not am~ctt:a by the 

of IL-12p70. 

absence of IL-12p70, 

these results show during T. congolense infections, 

not the IL-12p80 .. v ... " ............ or IL-23, to a reauctlOn 
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vUY,vvi:) nel)allC pathology and improves host ill production, which 

COlI1UltlctJlOn with IL-l 0 without (U,J,'""",,LLUI<. parasitemia COlltn)l 

In summary, IL-12p70 is an optimal pro-inflammatory 1 reSDOllSe 

against T. b. brucei and T. however in T. congolense Imc~cuon. 

drives an over-shooting inflammatory reSDOllse resulting in pathological mamllest:atllons 

.. "' .... "'Ujli"> to mortality. 
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CHAPTER I 

LITERATURE REVIEW 

African Trypanosomes 

1. Introduction 

DaJtlOS'onles are unicellular eukaryotic haemoflagellate that freely 

the bloodstream of a mammalian ultimately in humans 

(Trypanosoma brucei species), (T congolense) in cattle or Surra (T in 

vanous <UlllHHU". common component two is their to 

....,"" ......... compartments of their Together these Ul:SI;:U:SI~:S 

a vast eC()fl()mllC with distribution covenng 

both Sub 

Vaccination 

and Africa 1972). 

UVJ<U""'U,,", animals would be the most economical and ",1"1"<""I"1"nr"" 

of trypanosomiasis however due to 

trypanosome's ability to constantly change antigenic coat, the parasite 

effectively the immune vaccination (Pino, et 

al. 1977) current treatment and control strategies are expensive 

unsustainable 1998) prompting new research preventative or control 

Although have 

maintain a stranglehold on humans and domestic animals "P<lUllLlUe; over most of 

tropical Africa. The lack of knowledge is attributed to sophisticated 

also the aJnongst 

trypanosomes although appear further complicates 

disease differently amongst infected host species but 

'"'''''<'''1-''''''''''''''' the (Losos and 1972). 

Another problematic m trypanosomiasis infections is lack of obvious 

pathological in either humans or domestic that may cause mortality. 

1 
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trvnaltlm;On:les are to release biologically compounds 

pathology ........ Ul<. infection (Tizard, Nielsen et al. 1978). 

Classification of tn'panOl!iOlltlCS 

Kinetoplastids are flagellates ""UllU.l<llj,l"> a unique on~aneHc~. 

"ViHai.UH.'l"> the mitochondrial DNA at base of the ...... f;"'a .... u (Lumsden 

1 Kinetoplastids been described to an early branch of the eukaryote .. ue"' ... ", .... 

assimilation mitochondrion (Sogin, Elwood et 1986) (Stevens, Noyes 

et 2001). The Kinetoplastida is h11'1·""",r 

Trypanosomatidae, Bodonidae and Cryptobiidae (Lumsden 

et a1. 1980). Trypanosomatids are characterized as '<OM"''''''"'''''' and 

are all parasitic to invertebrates, veJrtelJrates and flowering plants. Two of host-

exist group, monogenic digenetic. 

Monogenetic trypanosomatids have a host, an ImreI1tebrate. 

trypanosomatids parasitize two hosts, normally a The 

Trypanosoma forms part of trypanosomatids and contains a plethora 

et a1. 1996) putative 

to be more than million years predating the emergence of vplrtpl"l~tpQ 

land and the of insects Nelson et 1993) (Haag, et a1. 

This is further subdivided into and sections, 

representing of the vector. salivarian trypanosomes are 

characterized by antigenic tsetse include 

(amongst others) the Trypanozoon and Nannomonas subgenera. the subgenus 

Trypanozoon T. b. brncei T. evansi, subgenus Nannomonas includes 

T. congolense Table 1). 

2 
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Chapter I The African Trypanosomes 

Table 1. Listed in the table below is the life cycle and host range of salivarian 

trypanosomes within the genus Trypanosoma 

Subgenus Species / Subspecies Life Cycle Host Range 

T. brucei brucei Digenetic Cattle, sheep, etc. 

T. brucei rhodesiense Digenetic Humans & animals 

Trypanozoon T. brucei gambiense Digenetic Humans & animals 

T. evansi Monogenetic Humans * , Cattle, sheep, etc. 

T. equiperdum Monogenetic Horses, Donkeys 

Nannomonas 
T. congolense Digenetic Cattle, sheep, etc. 

T. simiae Digenetic Pigs, camels 

Table adapted from: (Lumsden and Evans 1976) 

* Cases have been reported where humans have become infected (Joshi, Chaudhari et al. 

2006) (Powar, Shegokar et al. 2006) (Joshi, Shegokar et al. 2005) (WHO 2005) (Truc, 

Gibson et al. 2007). 

3. Geographic distribution of important infectious trypanosomes 

The distribution of T. brucei gambiense occurs in tropical West and Central Africa and T. 

brucei rhodesiense is mainly limited to East and Southern Africa. Widespread incidences 

of both T. congolense and T. b. brucei occur in tropical Africa but are limited to the 

movement and distribution of their vectors (tsetse flies). Trypanosoma evansi has the 

largest geographical distribution as it is spread by a variety of vectors and thus 

encompasses many regions, including India, Far East, Near East, Philippines, North 

Africa, Central and South America (Gutierrez, Corbera et at 2006) (Smith and Sherman 

1994). 

4. Karyotype and reproduction within saUvarian trypanosomes 

The chromosomal DNA from the Trypanozoon and Nannomonas subgenera varies in size 

from approximately 50 to 6000 kb. A further 100 minichromosomes of 50 to 100 kb have 

3 
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also been AU".UUA ........ 

of 1 to 500 base 

contain the 

immune evasion 

binary fission; 

reproduction 

etal.1986) 

cOlltallll highly repetitive DNA elements or 

(Stevens, Noyes et aL 2001). Minichromosomes are to 

the variant surface 

Cornelissen et al. 1984). Reproduction is nrt_!!.H!l!!_J by 

has been reported to undergo a 

insect vector through UU'..,A, .. ,,'" 

(paindavoine, Zampetti-Bosseler et 

trypanosomiasis 

Jj .... V.:>V .. 'l'" species of pathogenic , .......... ,.,.,>"1'",.,,.."" 

hUlllans namely; Trypanosoma and 

(Pepin and Meda 2001). Trypanosomes were 

5.1 Infection 

There are 

subspecies cause 

Trypanosoma 

detected ................... """'Ui>Ul/<, ..... ..,,_IJ ... ,"" sickness in 1902 although initial 1"Pl"\",rt" 

disease date to 1803 1990). 

5.1.1 Clinical 

Although are microscopically similar they 

characteristics; T. b. nu.".-",,,,,,,,,, causes fever with a rapid course 

death ~'V'J'_' 

2 aep,en(]Lmg 

of the disease the 

et 2003); in 

nervous system 

detection of the 

inflammatory 

Buscher et al. 2001) 

or no nellfo'lo~UC'll rmptOlIJls. In T. b. r!an1Dl(;~nSe 

1 

with neurological "',...,.,..lr"' .... '" 

et 1978). These diseases are "'u •. "" ........ as 

cerebrospinal fluid by the parasites. In 

as 

1 or 

1 

blood, tissue aspirates and lymph (Barrett, Burchmore 

PTPt'TP'''' in internal organs as well as the 

(Enanga, Burchmore et al. 2002). In both stages, 

is problematic and diagnosis may rely on the host's 

major pathophysiological manifestations (Louis, 

4 
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Chapter I The African Trypanosomes 

5.1.2 Treatment: 

Drugs, which have changed little since their discovery (Legros, Ollivier et al. 2002), 

induce adverse side effects with a substantial number of patients dying from drug therapy 

alone (Pepin and Milord 1991). Treatment failure rates are high and may be indicative of 

drug resistance (Legros, Evans et al. 1999) (Brun, Schumacher et al. 2001). Human 

African Trypanosomiasis was largely brought under control by the 1960s; however, an 

alarming increase in the disease prevalence has been reported and is now classed as a 

category 1 resurgent disease (Remme, BIas et al. 2002). 

5.2 Infection in domestic animals 

The first parasitic trypanosome was discovered in the blood of camels and equines in 

India in 1880, and named T. evansi, the causative agent of Surra. This disease has been 

identified in many animals and characterized in small ruminants as causing sub-clinical 

(Otieno and Gacanja 1976) (Mahmoud and Elmalik 1977), moderate or severe infections 

(Ngeranwa, Gathumbi et al. 1993). An example of severe infection occurs in horses, 

called "Mal de Cadeiras" in South America (Franke, Greiner et al. 1994) with rapid 

mortality occurring between 7 and 10 days (Seidl, Moraes et al. 2001). In 1894, T. brncei 

was found to cause Nagana in animals (Cross 1990). In domestic animals T. congolense 

and T. vivax are the principle trypanosomes which cause disease in sub-Saharan Africa. 

Trypanosoma b. brncei is considered less prevalent than T. congolense or T. vivax and 

not as pathogenic. Surveillance studies have found that it not uncommon for these 

different trypanosome species, which are widespread throughout tropical Africa, to 

simultaneously infect animals. 

5.2.1 Clinical signs: 

Trypanosomiasis in domestic animals is similar to the human form, however neurological 

symptoms are rare (Stephen 1970). The main features of infection include severe anemia, 

intermittent fevers, lymphatic enlargement as well as hepatomegaly and splenomegaly. 

Furthermore, during infection there is significant cachexia, found in both muscle tissue 

and body fat, which progresses together with the extent of the disease. The course of 

trypanosomiasis in domestic animals is highly variable, ranging from apparently 

5 
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asymptomatic to a severe acute lnr,ectlon resulting in rapid onset of 

et a1. 1978). 

Distribution of tn'panOltmlllles 

distribution of rrvoalrlm,Onles hosts' tissues varies 

v ..... UOJ'U'"' species involved. and T. b. brucei have been found to cross 

capillary endothelium both within and outside the blood-vascular 

''''''''PTT1 (Losos and Ikede 1970) (Goodwin 1971) (Ngeranwa, Gathumbi et 1993). 

Regions where these trypanosomes identified include lymph, 

as well as connective tissue, cer·eD:rOS,PlIlal. synovial and peritoneal fluids 

Gathumbi et Burchmore et aI. 2002). 

congolense, however, remains within the bloodstream and 

preferentially to the of the mllcrOCmmllltOI 

(Banks 1978) (Bungener and and Ikede 1972). reason, 

cOIlcentr;EltlC)D of these .... "' •. .,"',1-"''' can to higher in capillary 

to vessels. 

Histological lesions: 

An important problem in a cause of death in infected animals is 

of gross lesions (Losos and 

uncomplicated disease, findings enlarged spleen and lymph uv, .... "', 

body fat, and notably in ...... ~UL_ 1I1Ie(mOlns. atrophy occurring in the thymus, 

lymph nodes (Losos and Ikede et aL 1973) 

6. '··-"ll~a·IUC)SOme 

In 

'''<>'M'''''' trypanosomes are invertebrate vectors, such as 

tsetse flies, to their maDlmalian T. congolense and T. b. brucei rely on 

mechanism of transmission; transmitted though the bites of 

other insects (Chansiri, Khuchareontawom et al. 2002), transplacental infection (Losos 

1986), vampire bats (Hoare 1965) even orally (Raina, Kumar et al. 1985) thereby 

greatly expanding their host a h"1·~t,.\r\l setting, clonal stocks are crP1'1,pr~ 

6 
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T. 

to 

the Insl~cts 

the pre:patent 

initially expressing only one type of VSG) 

... ",.., ...... ",,, .. effectively bypasses the insect 

an infected host, the trypanosomes 

through their insect stage and develop into infective rn~'T~{'''l' 

p,,~·ln.'\rn,""t for T. congolense ranges from 7 (Nantulya, 

days. When the tsetse fly feeds 

mouthparts, are transferred into the new mammalian 

depending on the ........ u' .... 

route of nU."',",,'UVJU, trypanosomes will become 

... ""..""<1:",, orr.nrih and clearance can 

occurs and Luckins 

"'~ ... v .. dlm~renc~~s as to their respective niches within the host; T. 

and T. b. brucei (Enanga, Burchmore et 

and intravascular compartments whereas T. 

et a1. 2002) only occupies the intravascular 

morphological 

different 

occur in T. brocei subspecies known as pleomorphism 

states dominate depending on the cycle of parasitemia 

7. Trypanosome evasion strategies 

£llJ'''l'j,,",UJ.,", variation by African trypanosomes, for the purpose 

the mechanism of pathogens as a means 

amlo()O)!'-m.eOllau::o immune response (Boothroyd and ... ~'U'.u ... u ..... '"'.~ 

variation conducted 

infection, 

immune response 1905). 

1 

(Ojok, 

is a 

been not to occur a .... ." ....... ".. manner; 

coat 

immunity 

prt:detenrnUled sequence is also not completely adhered too. 

been shown to be the major components of 

and are responsible for inducing 

1969; Cross 1973; Cross 1975). Variant surface vccmnatems are 

7 
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Chapter I The African Trypanosomes 

highly ordered monomolecular surface coat structures covering the plasma membrane of 

the parasite. Glycosylphosphatidylinositol (GPI) anchors the VSG molecules to the 

plasma membrane in a densely packed manner preventing Abs from binding to 

underlying epitopes or the plasma membrane (Kaufmann, Sher et al. 2002). In addition, 

the VSG molecules possess a highly conserved tertiary structure with many inter- and 

intramolecular disulfide linkages and internal a-helixes posing a formidable barrier 

(Freymann, Down et al. 1990). 

The VSG coat is initially expressed by metacyclic trypanosomes in the tsetse fly and 

protects these parasites from the newly infected host's immune response (Vickerman 

1974). Salivarian trypanosomes, once transferred via its vector, grow in the host and 

appear In the blood, forming an initial parasitemia peak. The immunogenic VSG 

molecules trigger a potent humoral immune response which eliminates most of the 

trypanosomes (Figure 1). The small portion of surviving trypanosomes survives by 

expressing a different surface VSG and forms the next parasitemic peak. The host mounts 

a new immune response against the alternate VSG and the cycle of undulating 

parasitemia waves continues until, at some point, the host dies from the infection (Gray 

and Luckins 1976). 

Parasitaemia and antibody titre in an infected animal 

1 6 Time (days) 11 16 

FIGURE 1. A diagrammatic representation illustrating the undulating waves of 

parasitemia formed by the interaction between the host's immune response and evasion 

strategies initiated by the invading trypanosome. 
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Other immune "'''<'''''',... strategies employed by pathogenic trypanosomes include the 

alteration of hosts' immune response including the hyper of the 

r'l;;:'~>Ufi.II.l. Tizard et al. complement "''''" ......... resulting in persistent hypocomplementaemia 

1977) Tabel et al. 1980) Losos et al. 1980) (Malu and Tabel 1986). 

In ... u .... ,u~vu, B lVI11Lph()cyte <"'" "",." ....... is induced Mehlitz 1976) 

(Morrison, ~, .. "'.~u.u.'" et al. 1978) as Tabel et al. 

1978) Onodera et aL 1985) Murrayet 

thus beC;ODlles to other secondary infections (RurangiIwa, 

mt(:.:cb::d host 

et at 1978). 

8. Immune responses to African trypanosomiasis infection 

Once DarlOS()ml~s are transferred to 

multiply A~ __ '" 

indurated 

the 

host by the bite vector, the parasites 

LUUU ...... n~sp(:mse, identified as an 

1986) 

spread 

called a Ch(itnCl~e 

B-<TnPT'V and Moloo 1981) 

'".11' ..... ''''' Morrison et 

"Iae:sse:ns, Mwangi et aL 

lymph vessels into blood circulation and 

1"""'''''. move into peripheral tissues 

Potts 1970). 

8.1 The and T -cellular reS1DOillses 

Due to the extracellular nature of trypanosomiasis HU ...... vu,,,, 

Murrayet 

depending on the 

""''''''''HJ''''' et al. 2000) 

branch 

UU ... U ...... I'" system dominates, is characterized by polyclonal B-cell .,,, .. 1-"""f" ........ 

'''''T<lTJ3'''' IgM levels in both and murine (Hudson, Byner et 1976) 

.LIU.,fi.l •• ;;:' and Mehlitz 1976) (Morrison, Roelants et aL 1978) (Ellis, Scott et al. 1 

ypalnO:SODlles have 

trypanosome consisting 

VVLnUJI"'4A.LJ evading 

et al. 1998) (Borst 

is 

mechanisms to 

surface glycoprotein 

response 

(Borst and Uibert 2001) 

and escape the host's T-

the surface coat of the 

is regularly thus 

et 

Lips et al. 2001). 
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infection a to other 

occurring largely a T-cell independent manner (Mansfield (Reinitz 

Mansfield 1990). T-cell independent drive the IgM, responses as 

as part of the response (Schopf, Filutowicz et al. 1998). VSG specific 

found to for clearance parasites from within 

vascular regions and and 1990). 

The antibody against VSG are functionally to 

the removal of trypanosomes from the bloodstream (Dempsey and Mansfield 1 

However these do not fully the overall found in the host to 

1m,ecllon with V<U'V"'J'U'~" (DeGee Mansfield 1984)(De Levine et al. 1988). 

Together with "V .... ·vHJ.v B-cell infected mount a 

response to VSG (Mansfield, Craig et al. (Mansfield (Mansfield 1 

activated T-cell is mediated up TCR+ CD4+ cells recogmze 

of the VSG .uv.~~ ..... ~" 

(Schleifer, 

a -pn:::seltltlrLg cell- and MHC 

et aL 1993) . ....,"'.,,,.1..'" the suppression 

II-dependent manner 

responses, 

dependent occur to VSG peptides et 

(Dempsey and HJ.<U''''.U""U 1983) (Levine and Mansfield 1981) (Reinitz and nH'U"'.U~'.U 

1990) where T derived cyt10Krnes 

(Schopf, et al. 1998). secreted in reSpOll1Se to VSG as well as 

<I.,<I".1'P _ ••• ",_ •• _, induces a switch to VSG-specific but was not responsible 

1998). Thus, for et 

resistance in the case infection with trypanosomiasis the 

both B- and Th 1 responses during mII;:cuon. 

10 
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Chapter I The African Trypanosomes 

8.2 Macrophages 

Another critical mechanism of the hosts' immune response to trypanosome infections is 

the mononuclear phagocyte system. Here, Kupffer cells present within the liver clear 

parasites from the bloodstream in an antibody dependent manner (Macaskill, Holmes et 

a1. 1980) (Macaskill, Holmes et a1. 1981) (Holmes, MacAskill et a1. 1979). Comparisons 

between peritoneal macrophages from resistant and susceptible mouse strains did not 

show any differences in the phagocytic activity of these macrophages (Kaushik, Uzonna 

et a1. 1999), suggesting that the resistant or susceptible phenotype of the macrophages 

was due to mechanisms subsequent to this event (Tabel, Kaushik et a1. 2000). Cytokine 

release from these macrophages co-cultured with T. congolense or T. brucei showed that 

susceptible mice produced more IL-l 0 and IL-6 but less TNF and IL-12 than did resistant 

mice (Kaushik, Uzonna et a1. 1999) (Kaushik, Uzonna et a1. 2000). In addition, 

macrophages from resistant C57BLl6 mice co-cultured together with T. congolense 

showed increased IFN-y and nitric oxide (NO) production compared to cells from 

susceptible BALB/c mice (Kaushik, Uzonna et a1. 1999). These findings indicated that 

cytokine gene expression, at the level of the macrophage, may playa significant role in 

resistance to Trypanosomiasis. 

9. Cytokines in trypanosomiasis infection 

A key mechanism of the immune response towards trypanosome infections in the host is 

the coordination of immune events as well as effective communication between the 

various immune compartments. Here cytokines play a significant role, including the 

synchronized production of pro-inflammatory as well as anti-inflammatory mediators. 

9.1 Role ofIL-12 in trypanosomiasis 

Upon infection with trypanosomes, a rapid Th1 response is initiated (Magez, Stijlemans 

et a1. 2002) (Schopf, Filutowicz et a1. 1998) (Schleifer, Filutowicz et al. 1993) (Mansfield 

1994) with the production of IL-12 and IFN-y. Here, IFl~-y and IL-12 production occurs 

within 4hrs of infection in splenocytes and further suggests a partial regulatory role for 

the autonomic nervous system in this response (Liu, Ragaa et a1. 1999). Studies have 

11 
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Chapter I The African Trypanosomes 

suggested that the initiation of a polarized VSG-specific Thl cellular response is 

dependant on the presence of IL-12 and IL-18 (Mansfield and Paulnock 2005), although 

this has not been confinned using gene deficient mice. 

Macrophages and dendritic cells that are stimulated by VSG and trypanosome DNA are 

the initial producers of IL-12 and IL-18 cytokines (Shoda, Kegerreis et al. 2001) 

(Drennan, Stijlemans et al. 2005). Indeed, the innate recognition of pathogen-associated 

molecular patterns via the Toll-like receptors plays a role in the initial production of IL-

12 (Reiling, Holscher et al. 2002) (Medzhitov and Janeway 1997) (Ma and Trinchieri 

2001). 

In T. congolense infection, when comparing resistant to susceptible mice, splenocytes and 

macrophages from resistant mice produced more IL-12p40 (Kaushik, Uzonna et al. 2000) 

(Uzonna, Kaushik et al. 1999). This finding together with higher levels of IgG2a in 

resistant mice (Uzonna, Kaushik et al. 1999), it was suggested that IL-12 and IFN-y 

synergize to up-regulate the switch of· IgM to IgG2a (Metzger, McNutt et al. 1997) 

(Trinchieri 1995) (Trinchieri 1997). In resistant mice the increased IgG2a resulted in 

higher NO production compared to IgM, the production of which was found to be 

trypanostatic on T. congolense parasites (Kaushik, Uzonna et al. 1999). 

9.1.1 Interleukin-12, structure and function 

Interleukin-12 functions as a key initiator for an optimal Thl immune response, which is 

necessary for the control and elimination of intracellular pathogens (Gately, Renzetti et 

al. 1998) (Gennann, Gately et al. 1993) (Hsieh, Macatonia et al. 1993) (Trinchieri 1993). 

Activated inflammatory cells are the mam sources of IL-12 including 

monocytes/macrophages, neutrophils, B cells and dendritic cells (Trinchieri 1994). 

Production of IL-12 induces IFN-y secretion from T and NK cells and causes the 

proliferation of these cells once they are activated. Furthennore IL-12 increases the 

cytotoxicity of NK cells and promotes the differentiation of cytotoxic CD8+ T cells 

(Trinchieri 1994). The activity of IL-12 thus begins early after infection during the non­

specific innate immune response and continues throughout the antigen-specific adaptive 

12 
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LUULU.LA.'''' n:S1)I)nSe, thus encompassing a range J..1H'LU .... UV.v5"" ..... tunlCtllcms leading to 

infectious pathogen 2004). 

HLVL"'''',-U", is a heterodimeric protein of two of 

and p40 kDa which are covalently linked by a disulfide bond (Kobayashi, Fitz et al. 

I Podlaski et al. 1990). The two subunits of 

p35 subunit is transcribed at low levels whereas PY1"1'P';',;,1 p40 subunit is 

enhanced in antigen presenting cells (APC) by viral and 1'\"f'TPM """'5""'" (Ma, 

..... u'~ .... f~~ et al. 1997) (D'Andrea, Rengaraju et al. 1992). 

12 is therefore determined by the expression of the 

1996). of the p35 subunit occurs as part of the 

subunit can be secreted extracellularly (Snijders, Hilkens et al. 1996). 

form homodimers (IL-12p80), and act 

mc1tlOIJlmg of IL-12 and IL-23 by blocking signal traIJLs<1lJLctl()n 

1995) (Mattner, Fischer et al. 1993) 

1996) (Mattner, Ozmen et at 1997). 

also act an agonistic manner to IL-12 in its 

et aL 1998) (Holscher, .rH.n.n'''''~H et 2001). 

has been found to bind to 9 tonmll1lg 

pre:sen4:;e of a common subunit thus same reC 1ept4)r 

1) it was initially thought that IL-12 and IL-23 had similar roles 

reSl[)On.ses n ..... d." ... -U"' •. "', Kastelein et at 2005). However, whereas is to 

Thl 

a with IFN-'Yas the product, IL-23 promotes a T-cell population that is 

~r~,('.tpln'7f·rl by the production of IL-17-related cytokines, namely IL-17A and IL-17F 

Ghilardi et al. 2003) (Langrish, Chen et al. 2005) (Harrington, et al. 

2005) et al. 2005). The ability of IL-23 in promoting a U'''''HI,.L 

.. _AA_AJ Th17, has implicated this cytokine in playing a dominant in the induction 

".dll \Jll.'" autoimmune inflammation of the central nervous system and 

et al. 2005) (Cua, Sherlock et al. 2003) (Murphy, 

recent studies have found that IL-12 can 7 
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responses in that In IL-12R~2 and 12p35 have an Increased 

autoimmune predisposition (Cua, Sherlock et al. 2003) (Murphy, Langrish et 2003) 

(Zhang, Gran et 2003) et 1996). 

Due to the ., ... ue ...... 

it has 

a secrett:xi 

Neurath et 

Th2 immune reS1Don,ses 

12p35 

al. 2002) (Holscher 

and Epstein-Barr 

,",VUL.p",,(\. with IL-12p35 HVUl-vV 

Jp.",~r(nlp. Hummel et aL 1996) (Holscher 

been found to playa role 

as a growth factor for invariant NK T 

no described biological function (Nieuwenhuis, 

9.1.2 Interleukin-12 deficient mice in different disease models 

In order to delineate different IL-12 family members, p40 

Connaughton et al. (Mattner, Magfllllll et al. 1996) subunit 

mice have been .... _ •• _ •. ~._.~. geIler':ltl(m of double deficient 

Ip40-1- the were intercrossed. 

12p35-1-/p40-1- deficient mouse stfllllns lack all homologues, 

still produce 12p80 HV~HV""UU""A 1). 

3 

et 
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TABLE 1 Interleukin-12 "'''''' ..... ,''' .... 
products 

used in infectious disease studies and their 

Mouse strain 
t======== 

Wild type 

p19 

x 

x 

IL-12p35-1-
p19 

in 12 display increased susceptibility to 

infectious ..,a,u,""",,""'" response for survival (Magram, Connaughton et 

1996) 

Th2 reSl:)on.ses 

.", ... ,,,",,,-12 deficient mice have been shown to produce ... "", ..... " 

pathogens such as in Leishmania major (Mattner, Magram et 

lJU,lffnlftt:::ttU l"nl,prU'n (Lehmann, Bellmann et al. 2001) and Cryptococcus 

1998). In addition, IL-12 deficient have 

.... " ....... , ... resistance to infection. Here, in severe infectious .... .,"' ... ".'" 

et al. 1999), listeriosis (Brombacher, 

''''''HllI'UU,",<l<!>''' (Mattner, Magram et aL 1996), "-'''''aU" 

(Holscher, Atkinson et al. 2001), 2 

in residual resistance. 

mcrea:sed reSJlstance to ias,mo,Qmm n,,,rU'nVl infection has also 
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"""" .. ,''''' ..... ,'u mice cornnatfea to type conuOl this model was found to 

responsible for via the "'r>Tl''U'''T1nn TLR-MyD88 "'5,.nu .• u5 pathway 

resulted in hepatic lymphocytes lysing nerlatoc, 

.n.U"v.,ll, Tsutsui et a1. 2001). 

in a perforin dependant manner 

Although IL-12 has as 

deficient in one or both subunits evidence of a Thl response 

(Mattner, Magram et a1. 1996) (Magram, Connaughton et al. 1996) (Magram, Sfarra et a1. 

1996). In addition to 12p40 related contributing to Thl differentiation 

Kipnis et (Decken, et a1. 1998) (Elkins, et a1. 2002) 

v-',.", ........ ,uu., -'-'''' •.• n ...... ''' et a1. 2001), 

are present to induce cell mediated immune Interleukin-l a member of the 

found to 1 (Torigoe, et a1. 1997), as as other factors, 

overlapping functions to that of IL-12 in its ability to similarly 

IFN-yand promote a cell-mediated 

et 

9.2 Interferon-y 

.. "u ......... '" response (Takeda, 

'''''''''''1''1 et a1. 2002). 

the production of 

et a1. 1998) 

Irti'~.ri"' .. nrt gamma is essc::mtlal for to both T. b. brucei Magez et 

2007) (Hertz, et a1. 1998) and T. congolense (Magez, Radwanska et a1. 2006) 

infections, "p"""" ... '-', ......... J 

by 

trypanocidal 

intermediates and 

parasitemia control and survival. ntprtp'·An .. 'V is produced 

cells tum to 

including 

(Schleifer, 

intermediates, reactive 

'nT£',n,,,''7 et a1. 1993) nH£"Ul1/''7 et a1. 1998) 

(Schopf, Filutowicz et a1. 1998) (Magez, Stijlemans et a1. 1998). addition, IFN-y was 

also found to IgG2a response (Schopf, 

et 1998) (Hertz, et a1. 1998). In contrast to T. b. brucei and T. 

congolense "",,,,,,,,"u.,,, .. T. evansi was to 

IFN -y signalling De Baetselier et 2007). 
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alternate signal production of IFN-l may 

molecule produced by either T. b. brucei or T. evansi. 

factor (TL TF) is secreted by 

a specific UAl".!". ... A 

ryp~alll)some derived 

parLOS()mi~S has been to 

AA ......... ...,""' the production of by binding to CD8+ T. b. brucei (Olsson, .......... ,"'""u.v. 

et and T. evansi '-'''lUU'''' Buscher et al. 1996) mI,eCllon models. 

9.3 Tumor Necrosis 

VSG molecules by T. brucei have to trigger the pre,(1ul:tICln 

macrophages infected host Schofield 1994) \.I.".la"" ... L, 

Stijlemans et al. 1998) Mazhari-Tabrizi et 1999). Tumor necrosis 

found to have in T. b. brucei ..... ' ....... ,l" .. .." causing immunopathological 

the host Radwanska et al. 1999) as as trypanolytic P++'>I"T" 

Hi ... !"."'£> et 1994; AU"!"."'''''. ........ "n"' •• " et at 1 

H.t"J;""L>, Lucas et aI. .....,u"u". Magez et al. 1 

... U .... "'UJl!". parasite burden 

L .... '.!". ... £., Radwanska et In 

terms of immunopathology control in the host, the "J. ... 'UUJlUJ:<, soluble p75 

inhibition of at the peak of parasitemia was found to correlate 

induced anemia (Magez, M"}'P"''' et al. 2004). 

b. brucei Hi .... !"."',"". Radwanska et al. 1 as well as T. congolense ,~_._ .•. 

et al. 2002) lacking "' ............... 'u ability to .... ....,., .. "". 

load in the vascular In contrast to T. b. where survival was ..,u~" ...... 

,",prix,,,,,>.., TNF deficient type mice, T. infected 

survival (Iraqi, et al. 2001). T. congolense 

macrophage neutrophil derived soluble TNF, specifically are 

mediated by trypanolytic activity NO (Magez, 

et aL 2007). contrast to T. b. brucei T. congolense however, resistance 

to T. infection was mdlepimd,ent and was implicated 

induction of uuu,"'UJ.J.u (Baral, ........... ., ....... u ... J. et 2007). 

17 
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9.4 

using iNOS deficient 

was found to have no 

1999) suggesting that 

been determined in T. b. 

or parasitemia CO]rJtf()l 

of IFN-y ';'LE>UULULE> are 

survival. Similarly, T. evansi uu"" •• vu 

on mortality or parasitemia control (Baral, 

iNOS deficient mice displayed no 

tsa(~tsel1er et aL 2007),. 

to T. b. and T. evansi u .... "'''''''vu"', 

to T. congolense. Here, NO '-''''',A'''''''''' 

compared to 

ImmUnOj;;10il)Ulms were suggested to 

TNF induced NO is 

displayed decreased .... "' .. '''''''1~'''''''' 

Radwanska et al. 

T. COl'1fHUel'1Se as IgG isotypes induced SUlDUlcllmtllV more NO production "'VA,UL"'" 

IH",\ua,IVU phagocytosis by et aL 1999). 

studies indicate different UULU"UL"" m(:challllSII1S necessary for 

trypanosomiasis. 

Interleukin-lO 

et identified 

.... ~·"plnt on cru~nao~;onaes 17, 5, 

InI,eCtlOn (Kemp, Iraqi et 

into three trypanosomiasis 

Clapcott et aL 2000). 

falls within region of Tir3b (68-78 cM), 

termed TirJ, Tir2, and 

determined resistance 

ULU,IJIJ.ULF; of 

loci, termed; Tir3a, 

.... ~·"plnt on chromosome 1 at 

UU.U'-'.HUJlE> a strong putative 

in resistance to T. congolense mt,ectllon (Tabel, Kaushik et aL 2000). 

was confirmed using IL-IO gene U..,J' .. "iviU both T. b. brucei 

YUleu.uu"" Oldenhove et al. 2007) infections, 

es~;eIIUal for survival. 

et 

to 

to 

T. 

T. congolense 

cytokine was 

mtectlo11IS in IL-IO deficient mice is vital during the acute 
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stages infection to the pro-inflammatory of and possibly TNF 

Noel et a1. 2001). in T. infected treated 

4UU'- ,u.r 1 0 receptor, focal necrosIs developed, with significantly 

enhanced plasma levels IL-IO, IFN-,¥, IL-12p40 compared to (Shi, 

et a1. 2003). The IL-IO in T. evansi infection has not been elucidated. 

9.6 Interleukin-4 

Infections with various T. brucei mouse the 

of IL-4 to be either harmful (Bakhiet, Jansson et 1996), nrnj-",,.,1t,,,,, 

et 1999) or to no (Schopf, et (Hertz, et 

1998) or parasitemia. T. congolense infection, and IL-4Ra 

deficient mice displayed similar survival characteristics as wild type mice (Noel, 

... U ... '''ULU,' .... '''U et 2002). the study was USIng 

which are highly susceptible to infection. In bovine during T. 

congolense infection, of was found in trypanotolerant cattle 

as compared to that found trypanosusceptible was associated with 

increased (Mertens, Taylor et 1999). the role of In 

trypanosome infections may not be conclusive and with 3 having some overlapping 

activities to those (Brombacher 2000), this area of the response 

. further 

10. Toll like receptors 

A recent has to the Immune to trypanosome 

using T. b. brucei model, it was shown that a .... ,-,.uUJ,«",,,,,,,,,,, 

v .. ·-.... ,.'" receptor (TLR), or a combination receptors, via MyD88 adaptor 

u .. v .. v"' ..... '" are control (Drennan, et a1. 

2005). Mice deficient in MyD88 had significantly reduced responses 

the stage of 

1 InUnUIle response. Furthermore, TLR9 which is known to respond to agonist 

DNA, case was to be Il"I;,,:):)cU 

control in non-clonal T. b. brocei infections (Drennan, Stijlemans et 

for prurasllterma 

2005). However, 
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mice deficient for were not as susceptible as deficient mice that 

other undetennined 

resistance to clonal T. b. 

signaling MyD88 play a 

infection. In this it was also necessary to delmeate 

I andlor IL-18 5U,<UUJl5 from MyD88 as the downstream signaling events on 

common components 

no role for these 

Kawai et a1. 1998) Takeda et a1. 2001). H{'\U1P'"pr 

Lv",",-,n.", were found su!,~ge:snrlg 

together with 

to T. b. brucei. 

11. Summary 

was 

MyD88 signaling via and 

the type 1 H~~.n"'.'" re:spcmse 

Cumulatively, shown that a humoral cellular is for 

.. """,,,1-.,,..,,.. ... to trypanosomiasis. Thl response together with associated 

1 cytokines, are counterparts Although these 

cytokines have been a plethora initiator 

Thl cellular differentiation, namely IL-12 and family members fully 

2p80 

deficient mouse ~u .. 'u .. , namely; IL-

To this roles of IL-12 together with 

homodimer are ... "", ... u ... ,,'.... using three IL-12 

IL-12p40 12p35/p40 in the of resistance or to 

T. b. brucei, T. evansi T. COl'1.!!(UeJ'1.se mt,ectlons. 
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Chapter II Interleukin-12 is 

CHAPTER 

The role of IL-12 and associated cytokines in resistc'lm.~e to b. brucei infection 

ABSTRACT 

trypanosomiasis encompasses \.L,,,',,,,,,,,,,,>;> caused by ,,_ .... _,...,_., .. _ 

uu'" .... ".uM both hUlnarlS and < .. ."nULA>;>. Here, we alssectea the possible role of memtliers of 

the family infection Trypanosoma gene oelllCI,em 

mice. Interleukin-12p35-/-, IL-12p40-/- or IL-12p35-/-/p40·1- were susceptible to this 

by and decreased parasitemia control 

compared to wild type C57BU6 different IL-12p70-1
- mouse showed 

... "' ... '-'"" ...... nJ'''''''''''''', su~~ge:stil1lg that 12p80 

homodimer or IL-23 plays a crucial role in resistance. While plasma levels of and 

IgG2a were similar between IL-12 OCl[lClem mice and wild C57BU6 

was """",,, .. ,,,1 all IL-12p70·1-

mouse strains, demonstrating an 2p70-dependent mechanism IFN-y production. 

IFN-yK/- were also highly susceptible to T. h. 12p70-dependent IFN-y 

production seems to be the important mechanism involved resistance ""M,nu",. this 

Other related ,"'".iU".., were also investigated in addition to IL-12, Hl"'l .... UlU~ IL-4/13 and 

18. indicated that 3 

resistance or susceptibility IL-12 can sufficiently provide host 

aos>em~e of IL-18 but not visa-versa. trypanosomiasis in 

no in 

to 
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Chapter Interleukin-12 is t:.,','E''':LUI. 

INTRODUCTION 

rvt,anOS()mi~S are unicellular eukaryotic that retllIcate freely in the bloodstream 

a ultimately resulting m sleeping b. 

gambiense and T. h. rhodesiense), cattle (Trypanosoma brucei) as 

. as infecting various wild animals and other domestic UiU.1UU • .;> of economic value (Hoare 

1972). 

Trypanosomes regulate and the host's B- and responses. Foremost is 

~H'A5"'AA" variation whereby the coat of the trypanosome of 

surface glycoprotein (VSG) is regularly replaced, thus continually evading the host's 

Wirtz et 1998) (Pays, Lips et al. 2001). Upon HUJ'-''''UVH, 

host responds with a rapid B-cell activation which found to important 

clearance parasites within vascular regions (Dempsey Mansfield 1983; 

....... "un.' .... and Mansfield 1990). Furthermore a rapid response is initiated (Magez, 

Stijlemans et al. 2002) (Schopf, Filutowicz et al. 1998) Filutowicz et 1993) 

(Mansfield 1994), with production IL- et 

1999). Results from J.M. Mansfield et have that the initiation of a polarized 

VSG-specific cellular is dependent on of IL-12 and 18 

(Mansfield and 2005). 

Interferon-y, which plays a central role· in to trypanosomiasis, is produced 

primarily by Thl cells m turn induces to 

trypanocidal molecules including reactive oxygen nitrogen 

ntenm~dl(ltes and (Schleifer, Filutowicz et aL 1993) (Hertz, et 1998) 

(Schopf, Filutowicz et aI. 1998) (Magez, et aL 1998). Mice lacking have 

displayed reduced ability to control parasite load in the vascular compartment 

<>,n1.;<>n .. " ... " et al. 1999). Although (NO) is induced downstream 

IFN-y signaling, it was not to a role resistance or sus·ceptIbl 

to brucei infections (Hertz and Mansfield 1999). Furthermore, NO has been found to 

52 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter Interleukin-12 is resistance in 

be reSIJOnSI 

1999) .. 

for T~cel1 tle~;Cnln, Brys et 1998) (Hertz Mansfield 

development of a Thl response to 

Filutowicz et al. 1993) a for IL-12 in 

this (Brombacher, et al. 2003) 

with trypanosomiasis (Schleifer, 

"''''J..;:)L<UJ.'''''' as this cytokine is pivotal in 

.J.U" ...... 'H 1993). '.nu ..... "'" IL-12 

deficient mice severe infectious disease models, such as toxoplasmosis Kasper et 

1999), Dorfmuller et al. 1999), leishmaniasis (Mattner, 

Magram et 1 Chagas' (Muller, et 2001) and tuberculosis 

(Holscher, Atkinson et at 2001), have found that independent IFN-y can 

produced resulting in residual resistance. 

AIMS 

establishment of a immune response 

attention onto the 

1993). The aims of 

of 12 and IL-18 

chapter were to investigate 

T. b. brucei infection has focused 

'-"","' .... ""-1 et 2003) (Trinchieri 

family, namely; 

IL-12p70, 2p80 nOnlOQ1mer and during T. b. infection mice 

deficient the 

other involved in 

investigated during T. b. 

models. 

IL-12p40 and IL-12p35/p40 Furthermore, the of 

induction of either a or immune response were 

infections respective deficient mouse 
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Chapter II Interleukin-12 is co.,.""',,,, 

MATERIALS METHODS 

All mice this study (Table 1) were bred specific palnOjl;en- Cotld111otlS at the 

of Animal Unit. mouse ",l'r<ll1n" that were not on a 

genetic background were ua\.,"-'-'JlVi>'''' .. AJ. 

1 (Mattner, 

5 with C57BLl6 mice ...... ' ... u ....... n .... -

(Magram, Connaughton et 

1996) mice were on a 1 background and were backcrossed with 

mIce to in to obtain homozygous double-deficient 

12p40-1- mice. Mice were housed in filter-cap in a biohazard level 2 

physical containment In given were HU'''''J.lv", 

1 0 weeks) were performed in accordance with of 

Animal Board the of Town (Cape Town, 

Africa) (Animal ethics approval number: 005/041). Distress the mice was monitored 

daily and 

(Appendix). 

adapted from (Wolfensohn Lloyd 1994) 

Genomic DNA extraction 

1 cm mouse tail were digested overnight in digestion buffer (50mM TRIS-HCL, 

pH8; 100mM 

shaking. 

100mM NaCI, 05mg/ml K) at with 

samples were centrifuged at 14000 rpm for 15 minutes and the 

supernatant transferred to a clean microcentrifuge tube. An equal volume isopropanol 

was DNA was allowed to precipitate out 

solution by incubating at room temperature for 30 minutes and centrifuged at 14000 rpm 

at 4°C 30 minutes. genomic DNA pellet was washed in 70% ethanol, air 

and in 500,.u water. The quantity quality of 

DNA was checked spectroscopy reading the absorbance at A2so. 
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Chapter Interleukin-12 is essential/or resistance in T. b. brucei 

Genotyping peR 

Inlce in this were genotyped prior to experiments to their 

"'''';'1'"'''''''''''' (Appendix). 2111 DNA was added to 

48111 of PCR cocktail (1 Supertherm Buffer, 1.5mM MgCh, 0.2mM dNTPs, 

0.125U//-ll Taq, pnmer 0.25/-lM reverse primer). Control 

reactions included a (i) no template/water control, positive control and (iii) negative 

control. were amplified on a MJ thermocycler 

Oldendorf, Germany) using the given in the Appendix. 

Table 1. of gene deficient mouse strains in this study 

Deleted Gene 

IL-l 

IL-4Ra-/-

TNF Rl-/­

TNF 

iNOS-/-

IL-IRrp-/-

Authors 

(Magram, \ ... AJ1 . .I.ll ... ' .... "'u ........ et . 1996) 

,,,,,r"',,,nn Dai et aL 1998) 

(Nob en-Trauth, et al. 1996) 

(Mohrs, Holscher et al. 2000) 

r'l.U'''''''lU. Kawai et al. 1998) 

(Marino, Dunn et al. 

(Rothe, Lesslauer et al. 1993) 

hnckson, de et al. 

(MacMicking, Nathan et aL 1995) 

(Takeda, Tsutsui et al. 1998) 

(Rahemtulla, et al. 1991) 

C57BLl6 

& JJL '.LJ.L.I'j 

C57BLl6 BALB/c 

C57BLl6 

129Sv/Ev 

129Sv/Ev 

C57BLl6 
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Chapter II Interleukin-12 is "".','''''''''.Inl. resistance in T. b. 

Parasites 

The pleomorp 

Meirvenne and 

T. b. brucei AnTat 1. clone was provided by N. 

Antwerp, 

by Dr. 

Trypanosoma 

(Lab. Serology, 

clonal Tc13 antigen type 

the University of 

was initially isolated 

1983) and was om;amf~a the collection 

(Belgium) Institute of 

110297). ryp1am)some ........ 'v ...... ...,., were maintained at 

of Tropical Medicine 

T. congolense was kindly ""'1"('''"/11''11 

Canada 

2480, Stock no.: 

thawed prior to A .... ' ... "'''''' ... 

Propagation of T. evansi T. congoiense mice 

Cryopreserved T. brucei, T. evansi and T. congolense were in mice to 5 ........... '" ..... 

new stabilates. were thawed and diluted BALB/c were 

inoculated by mtJrapentoflleal injection with 0.5 uu ... ,,'" parasites. The were 

monitored parasitaemia "'''''U1U:U ... 15 blood collected tail 

snips. When was detected (> 1 x trypanosomes per ml), the mice 

were exsanguinated blood was collected from 

equal amount of 20% in phosphate 

Na2HP04,5mM H20, 72.6mMNaCl, 1% "' .... ,~~"'" 

each blood sample an 

(PSG) buffer (9.5mM, 

was added and thoroughly 

mixed. The parasite stock divided into 50jll aliquots and at 

Trypanosome Purification Protocol 

Trypanosomes from blood were harvested prior to the 1 st peak of 

an(]isornes were purified from blood DEAE-Sephadex parasitemia. 

exchange columns 

described by .LJ ............. , .. 

Whatman, Maidstone, ......... c ........... , according to the procedure 

Goodfrey (1970) (Lanham 1970). Infected blood 

was collected through cardiac puncture at peak parasitemia (usually day 5 after infection). 

Blood was centrifuged heparinized tubes at 2200g for 10 at 4°C and the buffy coat 

was removed and 

Na2HP04, 5mM 

1: 3 in phosphate 

72.6mM NaCI, 

buffer 

Briefly, DE52 columns 
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Chapter II 

were washed and equilibrated with 

350ul of 1:3 diluted buffy coat 

is essential for resistance in T. b. brucei 

column was loaded with 

buffer at pH 8.0 for T. 

brucei and pH 7.8 for T. evansi and T. eluted were centrifuged 

at 200rpm for 10 minutes at to concentrate the parasites. The parasite pellet was 

resuspended in determined by light microscopy 

(Nikon, Randburg, South a hemocytometer. The trypanosome parasite 

samples were at 

Preparation of tl1,p~m(]'so]me 

Trypanosomes 

parasitemia and purified 

The eluted .,.", • .,""'~ .. '" 

for 7 minutes at 4°C. 

number of alive 

South Africa). 50ul 

was added to the 

h<I .. u .. ",'~",rI from mice prior to the 1 st peak of 

",,,,,u.u,,",,,,.., '"'V .... .uJLU chromatography described above. 

by centrifugation at 2000 rpm 

reS'USDlen(ied in Iml 950ul 1 X PBS and the 

microscopy (Nikon, Randburg, 

liquid nitrogen and un.,..,ucuu",<u rI,,, .... ,,,r'<!, 

Munich, Germany) 

sequential freeze-thaw cycles in 

through a 25-guage needle. 

"'V" ..... J,"","'''''''' at 13000 rpm for 5 at Cell debris was rennmlea 

4°C. The supernatant was ..... , ...... "' ... a 0.22um filter and the protein concentration 

determined a Ul..,U ..... UVllHUl.., 

per the manufacture's 

aliquots and stored at 

Infection, Parasitemia and Anemia 

a 

PSG hp"tnrp H. 1' ... '" U.VU. were 

T. b. brucei 

kit (Pierce, Rockford, IL) as 

protein lysates was divided into 100ug/ml 

L",u ... ".'" .. stabilate was thawed and diluted 1 x 

into the peritoneal cavity with 100J,tl 1 x 

1.0 X 103 T. evansi parasites or 1.0 x 103 

T. ""l'IYllI.Y.l'I .... ' 

the u ..... 'uv ..... 

mouse. Parasitemia and anemia was measured by cmmtmg 

blood cells in the blood after infection. Approximately 

3J,t1 of blood was ",V'l..,"'."'U 

Paisley, UK) SUJ;tpH:me:nte:a 10% 

diluted 11200 in RPMI (Gibco/Invitrogen, 

(GibcolInvitrogen, Paisley, UK). The u ...... 'uu·" .. 
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of parasites and red blood was "'''" ......... ''-4 

South Africa) using a helnocytorrlet~:r 

Cytokine determination by JL:.tJL'JLIJ,no. 

The production 

(Dai, Bartens et 

detection <UUH;'-''I.ll'_"" 

Diego, from 

plates Nunc International, 

with 50,.tl of "coating antibody" diluted in '"'v ..... J'1". 

resistance in T. b. brucei 

a ....... ,,.. .. ,,,.,1'("'\'" (Nikon, Randburg, 

by as described previously 

at the recommended For TNF "'-'L., .... -"< ~". 

and biotinylated 

PharMingen (San 

Maxisorb 96 well ELISA 

were coated overnight at 4°C 

PBS, 0.02% sodium azide) 

were coated in carbonate 

coating buffer (l5mM NaC03, 

blocked 2 hours at 37°C 250fll blocking 

azide in IxPBS) and then washed 

serially diluted three· and twofold, 1".-,",'1'\.-,'1". 

0.02% sodium azide in 1 X PBS) and 50fll 

overnight at 4°C and washed. 50,.tl the <> ... " ... n1""'" 

the recommended concentration 

azide in 1 X PBS) and 50111 was added to each 

were washed, 

... n',Xft1,>1" 0.1 % sodium 

....... ,,""',.... and ",l1rnlr.n.- standards were 

(fraction 

were incubated 

antibody was diluted to 

tractIon V), 

for 3h, washed with and 50lll of stn~ptlivic1in-hc~rse:ra(ljstl-p(~rox.idjse 

diluted 1: 1 000 in dilution 

was added to each welL 

50111 substrate solution containing 

added to each welL The enzymatic 

were mC1ubated 

1 PBS) 

washed and 

USA) 

"" .. "If''''' .... at room temperature and 

was stopped when the most COl1lcelltrated .. ,. ... ,1& .... ,""-'-4 '''''''''''U,",'U to 1.5 A405run OD units. 

The developing reaction was stODDt:d by uuU,ll~E5 

were plates read at an optical ---'---J 

reader (Molecular 

above, each well was 4 times with 300111 

1.47mM KH2P04, 8.09mM 

detection limit for IFN-"( was 10 was 

to The plates 

a microplate 

steps 

(2.68mM KCI, 

0.05% Tween-20). The 
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Quantification of anti-VSG plasma 

antigen were detennined by as 

described (Radwanska, et 2000) the same methods 

96 well International, 

were coa,tea overnight at 4°C with 50~1 of trypanosome antigen diluted 

of 5ug/ml total soluble protein extract). were 

washed, o..,.v,",,,,,,,,,," 2 hours at 37°C in 250111 buffer (2% fat free milk ..,."",u">,,. 

0.1% sodium in lxPBS) and then um~nf"n Blood plasma 

was two-fold serial dilutions The plates were .uv .... u",."'" 

overnight at washed. 50111 of the labeled anti-mouse 

and (Southern Birmingham, AL) antibodies 

was The plates were incubated at 3h and washed and SOlll 

bstt'ate .., ... w ... u .... u c40ntammg 4-nitrophenylphosphate, disodium salt hexahydrate (NBT) 

(Fluka, 

room tenlperatl 

1.5 ~05nm OD 

to each well. 

a VersaMax 

For 

buffer \"".'Ju."nu 

added to each welL The v U ":LLl\oJ reactions were developed at 

was stopped when most corlcelltralied standard 1.0 to 

The developing reaction was by adding SOlll 

were plates read at an and 690nm 

reader (Molecular Sunnyvale, CA, U.S.A). 

above, each well was 300111 of azide-free wash 

1 KH2P04, 8.09mM 136mM NaCl, 0.05% 

Here it is important to note that in C57BLl6 inbred mouse "'1-< ...... " the IgG2a gene is 

absent. phosphatase labeled to detect 

VSG IgG2a in mice, rather IgG2c was as the commercial 

antibody is (Martin, Brady et a1. 1998). 

Aspartate 

Hepatocellular was by the 

(Sigma-Aldrich, Any,"",,",,,, Germany) as per the malnU:lac·run~r 

assay (AST) 

instructions. 
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Chapter Interleukin-12 is ess,e:nll 

Histopathological 

Mice were " ...... <UH""~'U by C02 asphyxiation. Organs were in 4 % 

hematoxylin and 

paraffin-embedded. Sections (2 to 3 !lm) were 

and assessed by light microscopy (Nikon, 

UU''''~',,, were captured using the DXM1200 camera and 

n .. ~'n", .. prl using a cryostat CM 1850) 

Seven-micrometer """"V'.l" 

100% acetone before storage at 

incubated antibody against iNOS 

"""'U"'" with 

(Nikon). 

to 

and 

and 

and F4/80 

(BMA 90 min at room tenlPeratlrre. ... ",,-,ulnn.'" with 

secondary amlDC)QV "'V"IJ'~'U with Texas Red (Abcam, '-", .... u. or (BMA 

Biomedicals, 30 min at room temperature, SeCtlOIIS were n."'y",,,,u 

Fluoromount Carpinteria, CA) and assessed by ImmtIDo,:tlulOn!SCem::e t'l"11"'T·r.Q'~r."'''' 

(Nikon). were captured as per above. 

Graph and 

Data are 

analysis 

means of individual determinations and 

the unpaired Student's t-test for ELISA's and for 

test was used. Parasitemia data was 

hl¥.",,,,H as post test at each time 

was 

experiments found that 

iJ~'"'i"'~ (data not shown). 

using one-way 

Analysis between 

was not significantly 
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Chapter II Interleukin-12 is essential for restst(2nc;e 

RESULTS 

IL-12p3S-l-/p4tY-, and IL-12p35"1- mice tnI4~CU:,U with b. are 

susceptible and display reduced survival. 

In order to nPT"prrn1 2p70 (P35!p40), IL-23 (P19!p40) and 12p80-

T. b. brucei, mice deficient in 

a clonal strain of T. b. brucei and monitored p40 

(Table 2 

Survival 

data generated in an three ext)enme:nts were uv'.n."' ...... 

T. b. brucei infected mice was significantly <1e(~reiase<1 all 

(IL-12p3Y/'!p40'/', IL-12p40'/' and to 

C57BU6 wild no difference was observed in 

single chains or chains, these results suggest that IL-12p70 is 

protective or IL-12p80 homodimer no 

in T. b. brucei. 
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Chapter II 

Table 2. Inr.>rlJ:;·UJr1 

cOlnn,ar,,~a to 

speciesi1 

T. b. brucei 

Wild 

is essential for resistance in T. b. brucei 

survival 

40.6 ± 8.8 

1 ± 6.4 

32.0± 

±4.2 

b. brucei and T. evansi show 

No. of p 

mice/groupb compared to wild 

type 

29 

15 P< 0.05 

15 P< 0.0001 

15 P< 0.001 

a Trypanosoma b. infected mice were injected with 5x 1 03 trypanosomes 

survival. 

b Trypanosoma b. data were pooled from three independent 

c 
"'"",UUJ'"'''''''''' were performed using the Kaplan-Meier (Log rank) test for 
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i 

o 

FIGURE 1. 

b. brucei. 

Interleukin-12 is essential for T t;;.\,!.\lUTl(;t;; in T. b. brucei 

-WT 
-D-IL-12p3S-I-/p40-1-

I L-12p40-1-

-<>-IL-1 

iii i i i 

10 20 30 40 50 60 70 

Days post infection 

deficiency 

..,u", .... ",,,, of mtelcted 

decreased reSJlstance to infection with T. 

(III), (P<O.OOOl), 

12p40·1- (,6.) (P<O.OOOl), and (0) (P<O.OOOl) are shown 3 

independent pooled exr:lenmelms. Infectious was 5x 103 tm)an()SOlneS per mouse 

were subsequently monitored daily for The mean was; 40.6 days 

wild type 

5) and 

between IL-12 

1 days for 

deficient mice. 

Kaplan-Meier __ "' _____ with log rank test 

0.001. 

days for IL-12p40·1• 

No 1ft"'.,..","r<"'''' were 

",,.,Llva1. significance was determined by 

mortality and is 1.Ll""!,,",'''''''' by; ***, < 
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Chapter II is essential for Tf/.';;'.~lU 

specific role of IL-12 in rIJlerTY"1l of parasitemia during infection 

bUJrden during ..... T"'''T1AT'i was iU .. ' ... "" ... to detennine possible 

members in the control ... '>AL ...... 'ua caused by infection with T. b. 

",""uU .• ", ... J,,, differences were found .. ",r"""'~>ft wild type mice (P>O.05) 

as the IL-12 gene deficient eXJ>enments and were thus pooled as 

shown). The first parasitemia peak at 

p40 mutant mice and wild 

showed that the absence of 

on parasitemia peak ('",,,Trl">1 

5 post infection was similar 

T. b. 

and p40 subunits 

rate of clearance of 

IL-12 

No 

three 

(data not 

reduced in IL-12 deltlcl'ent mice compared to wild by 4 

to 8 infection (P<O.05). 

subsequent parasite "A'rur' .... ' was impaired T. b. 

infection up to lO~-fold increased burden in IL-12 gene del1Cl,ent 

to wild type controls. No parasitemia 

the Hp~''''nt IL-12 gene deficient mouse 

f'I"\,nTrl ... 1 towards the 

Together, 

is (''''!'In-/">I 12p70 but not by or 

manner. 

was observed. In addition, 

mI,ectlon ""'.HL"'L~''''''''' with mortality 

T. b. brocei blood 

12p80 homodimer in a stage "IJ .. ' ... UI .... 
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Chapter II Interleukin-12 is 

b .. bruce; ..... WT 
2p3S-I-/p40-1-

-------------'1-,-------.----,-------------------------------------------------------

o 10 20 30 40 50 
Days post infection 

FIGURE 2. Interleukin-12 is 11"' .... '''''''', .. 

infected mice. Parasitemia 

C57BLl6 IL-12p35-1-/p40-1-

mice are shown. Trypanosoma 

intraperitoneally with 103 

peripheral blood 

parasites/ml (dotted 

individual 

denoted as; <po 

deficient 

by; *, P< < 

... "" .. ,VAH ... control in T b. brucei 

uuv'"""'u C57BLl6 wild type (_), 

(.6.), and C57BLl6 IL-12p35-1
- (0) 

infected mice were infected 

p ... p~th~ ... parasitemia was determined from 

detection limit of 2. 7x 1 05 

3 pooled experiments of 10 

below the detection limit are 

"'''',.,,~'''''''.n 1l1ltecte<1 wild type and 

(Dunnett post test) are nn',<""""""" 
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Interleukin-12 does not playa role in the development of Unf'1!mj;U 

infected mice. 

The development 

the role of cV1toKlm~s 

T. b. brucei infection has 

de'{el~JPrnellt has been studied v"",vu.". 

b. 

deficient 

for 

that TNF is involved parasite killing but was responsible 

..... ,.u." ... ~"''''''F,V~, Radwanska et al. 1999). 

of soluble peak of parasitemia was found to "",..,.",1<0'1"", 

{ryparlOS'OmIaS1S UJlUUO"I,;iU ..... v, ....... (Magez, Truyens et at 2004). 

Interleukin­

profile as that of 

IL-12 knock 

However, throughout 

mouse groups. 

peak and is 

infection enters 

12 

infections. 

mtl~ct~:d with T. b. brucei a "U1., ........ 

controls (Figures 3A, B and C). At day 

reduced anemia compared to 

Uu"",I,;i<JlVH the overall severity of anemia was <>UJlUU;U 

red blood cell number is evident after 

as the emergence of the 

<un~J.H:'''' conditions become more nominaL ..... " ••• '" 

no the induction of T. b. 
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A) 1.21<10 10 

't::J 
1.01<10 10 0 

0 ::c 
E 7.51<10°9 -0 
m 
a:: 

5.0x1009 '1:1: 

2.51<10°9 

C) 
1.21<10 10 

't::J 
1.0x10 1O 0 

0 ::c 
E 7.5x1009 -0 m 
a:: 

5.01<10 0 '1:1: 

2.5x100 

FIGURE 

infected 

(III), 

( <» mice are 

12p35,I'/p40·1• (C) 

brucei infected 

Interleukin-12 is essential for resistance 

B) 1.2x1010 

't::J 
0 
0 ::c 
E 
0 
m 
a:: 
'1:1: 

-lll-WT 
-D-IL-12p35-!'/p40-1-

40 50 
infection 

1.0x10 1O 

7.5x1009 

5.0x100 

2.51<10°9 

Days post infection 

does not playa role induction of anemia in T. b. brucei 

concentrations of T. b. infected C57BLl6 wild 

(D), C57BLl6 IL- (.6.), and C57BLl6 IL-

Separate comparisons of (A), IL-12p35'/' (B) 

are shown compared to controls. Trypanosoma 

were infected intraperitoneally trypanosomes. 

red blood counts were determined from blood obtained 

with a lower limit of 8.0x 1 06 IJ~'"~.''''''''' are the mean 

1 0 individual Statistical slgmIllcallce .... """""''''" infected wild and 

12 gene "''''A.''''''''U. by (Dunnett post test) and are 

< L 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Interleukin-12 is essential for T. b. brucei 

Interferon-rand are up regulated by IL-12p70 in T. b. h .. I1 ....... infection. 

TNF are both known to playa role in ~_..,~.., .. ~u~'_ U"'J.''''U:UU control 

et 1998)(Lucas, Magez et al. 1994) 

production (Trinchieri 1994). To .-'I""'''' ......... '''.''' 

cyt;,OKlnes and 12 in trypanosomiasis infection, 

T. b. brucei infection were determined. 

peak at day 6, and post 2nd parasitemia 

at day 4 were below the detection limit of the 

than at day 6 (data not shown). Infection in 

and TNF production, IL-12 deficient 

and (p<0.01) production with similar 

4A and B). These results ~_,"",",_~ 

IFN-y and TNF production was 

data also indicates that low levels of IFN-y and 

can independently induced from signal transduction via p35 and p40 "' .... Lll.U1. .. "'. 

LL .. "' ... ..., .... " ........ "'T production at the 1 sl parasitemic peak was undetectable 

(data not shown). At day 20 post infection 

were present in both wild type and IL-12 

no shift to a Type 2 cytokine response in the aDsenc;e 

8 were undetectable in plasma 

,,,_run ... and gene deficient mice (data not shown). 

5 were 

T. b. 

was 
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Chapter L.HUH'-" in T. b. 

A) B) 
2000

1 i 1500 

~ 1000 
--:§ 

.e: CD 
Q. 

~ -1.1.. 
Z z 
!:!: ... 

Days post infection 

Day post infection 

is Ilt::I.:;t::ssary an OOilm;al reSl1l0DlSeS to 

mlectlon with T. b. brucei. l ... t ..... t<.rnln-'Vand TNF were measured by ELISA 

C57BLl6 wild type (Filled 

(Striped bars) and 

C57BLl6 IL-12p3S-/-/p40'/' (Open C57BLl6IL-

IL-12p35-1- (Hatched bars) infected Time 

analyzed were at o (controls), 6 (lst day 20 (post peak). Results 

Data PYl"lrplO:lO:pl1 as means 

'"~""'''''''''''''J from 2-3 Statistical O.F. ..... ""'",,,"' .... between ...... ,~"' .... , ... wild type and 

was determined by Student's t-test are indicated 

by*,P<0.050r < 0.01. 
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Interleukin-12 

compared to wild 

unimpaired antibody tares 

in response to infection with 

T -dependant as well as 

brucei infection, 

-In(lepICnaem VSG-specific res:ponst~s occur during T. b. 

switches (Reinitz and tum induces immunoglobulin 

Mansfield 1990) (Mansfield 1994) (Schopf, et 1998). As anti-VSG 

antibody responses shown to play a key parasitemia control and host 

survival in 

antibody reSlOODses 

to 

(Levine 

type and IL-12 

resllonses. An IgM and 

anti-VSG 

U""Jl~""'''''.l'' mice were therefore .u ... ,..",,, .... 

Increased resistance to T. b. (S. 

decreased anti bOIl, 

associated with 

preparation) 

diverse strains 

proportions 

IgM and 

type and 

IL-12 

During T. 

lY""'l':''''''', Stijlemans et al. 2002) Magez et al. 2000). 

and commercial sources antibody used in studies the 

IgG2a and IgG2c measured mouse serum is problematic. 

(measured using 

mice throughout 

"J<:."J':'I.I. which are induced by 

U-IUV .... "'''' IgG2a) were similar hpt""p~'n wild 

infection (Figure 

KT',.,""~r.TT et al. 2001), are ",UJlUU;U 

wild type mice 

infections, the IgG 1 is dependant on IL-4. this 

switch is not with resistance or (Schopf, 1998). 

The IL-4 were similar in IL-12 mice as compared to 

switch to IgG3 can by IFN-y production (Roitt, et aL 

2001); in the case of trypanosome this switch occurs of 

(Schopf, Filutowicz et of IgG3 were In 

IL- mice during the of disease (Figure 

In plasma IgG2c and antibody titres, were 

wild type mice throughout with T. b. brucei that these 

were largely independent 
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Chapter II Interleukin-12 is resistance in T. b. 

A) 
1. 1. 1·

l ~ 1. 1. 1.0 

O. O. O. 

O. O. 0.0 

Dilution factor Dilution factor Dilution factor 
8) 

1. 1.5 

~ 
tJ tJ a 1. a 1.0 

.21 o. .21 0.5 

O. O. o. 

Dilution factor Dilution factor 
C) 

2. 2. 2. 

,.Q 1. ,.Q 1.5 ,.Q 1.5 
N N N 

~1. C) 1.0 ~ 1.0 .21 
O. 0.5 0.5 

O. O. 0.0 

Dilution factor Dilution factor 

FIGURE and IL-

12 

IgG2b 

"""".,."'."' ... mice compared to wild control mice. A) IgM, B) and C) 

V"',.;)"J,'" antibody titres T. b. brucei infected wild type (_), 

12p35'/' (0), C57BLl6 (L1) and 12p35'/'p40·1• (0) 

mice are shown. First peak (Day 6), (Day 13) and post parasitemia peak (Day 

are represented. rre:-lIIlmlme serum was 

(0). Data r~!r~"'~nt mean and ±SEM J.1i"''''UJla of 3 individual 

".u.;)U"'''' significance tests hpt"Xlp~'n wild type and IL-12 U~llICI~nt mouse groups 

was I1p,'p ....... , by Student's t-test. 
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A) 
2. ... Wildlype 

-D-ll.12p35.J-lp40-f-

-fr-ll-12p40-f-

1. -o-ll-12p35-1-

-O-control 

O. 

O. ~ , , , , 
10.1 10.2 10-3 10 4 

Dilution factor 
B) 

3 

Dilution factor 

mice as compared to 

from T. b. brucei 

IL-12p40·1• 

(Day 20) v.u .. ,uua antIlJoa 

points 

, 
10-5 

2. 

1. 

1. 

O. 

Dilution factor 

3 

Dilution factor 

2 . 

'f"" 1. 
o .9 1. 

1006 

O. 

O. 

3 

M2 o 
m 
-1 

I Day 13 post infection I 

Dilution factor 

Dilution factor 

response is slightly reduced deficient 

control mice. A) IgG 1 and plasma antibody titers 

wild type (II), ( <», C57BLl6 

IL-12p35·I'p40·1• analysis points are 

6), 2nd peak 

Pre-immune serum was 

from 3 

""",-,.U,HU peak 

as controls (0). Data 

significance tests "'",f'lIr"">'M wild type and IL-12 u,v",,,,,,,,u. mouse 

by Student's t-test. 

Statistical 

was determined 
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Chapter II Interleukin-12 is essential for resistance in T. b. brucei 

Interferon-rproduction is crucial for resistance to T. b. brucei infection. 

As IFN-y production was impaired in all IL-l2 deficient mice infected with T. b. brucei, 

the role of IFN -y signaling in the control of trypanosomiasis was investigated in mortality 

studies using IFN-y receptor (lFN-yR) gene deficient and wild type mice on a 129Sv/Ev 

background. 

Reduced survival was clearly observed in IFN-yR gene deficient mice as compared to 

wild type mice with mean mortalities of 16 vs. 41 days (P<O.OOl), respectively (Figure 

7 A). Control of 1st parasitemia peak was independent of IFN-yR responsiveness but 

mutant mice were unable to sufficiently clear the first parasitemia wave and died shortly 

thereafter. This decreased survival was associated with a greater than 10 fold increase in 

parasitemia from day 9 post infection until mortality (P<O.05) as compared to wild type 

controls (Figure 7B). 

These data demonstrated the importance of IFN -yR responsiveness for survival in T. b. 

brucei infection and control of the parasite burden in T. b. brucei infected mice. The T. b. 

brucei results obtained are similar to those in T. b. rhodesiense infected C57BLl6 wild 

type and C57BLl6 IFN-y deficient mice indicating no major differences in trypano­

tolerance between 129Sv/Ev or C57BLl6 genetic background (Hertz, Filutowicz et al. 

1998). 
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Chapter II Interleukin-12 is essential for resistance in T b. brucei 

A) ~ B) 

100 
-D-IFN- -/-

-g 10 9 

80 0 
CU *** ::c 
> -10 8 
.~ 60 E -::::s en 
(/) 

40 ~ 10 7 

~ en 0 CU 

20 
.... 
CU 10 6 
Co ----- -----------------------------------------------

0 • mEtan=1,6daXs <p 
• 

0 1 0 20 30 40 50 60 0 10 20 30 40 50 60 

Days post infection 

FIGURE 7. Interferon-y signaling is necessary for resistance to infection with T b. 

brucei. Sv/Ev129 wild type (_) and Sv/Ev129 IFN-yR gene deficient (D) mice were 

infected intraperitoneally with 5xl03 trypanosomes and monitored daily for survival (A). 

Mean survival times were 41 days for Sv/Ev129 wild type mice (n = 11) and 16 days for 

Sv/Ev129 IFN-yR gene deficient mice (n = 12). Parasitemia profiles of infected Sv/Ev129 

wild type (_) and Sv/Ev129 IFN-yR gene deficient (D) mice (B) are shown. Parasitemia 

was determined from peripheral blood with a lower detection limit of 4.4x 105 

parasites/m! (dotted line). Mortality and parasitemia data were pooled from two 

independent experiments where 4-5 mice per group were used for parasitemia 

measurement. Inferred data points appearing below the detection limit are denoted as; <po 

Statistical significance was determined by the Kaplan-Meier test for mortality and for 

parasitemia the unpaired Student's t-test was used; *, P < 0.05 and ***, P < 0.001. 
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Chapter II Interleukin-12 is essential for resistance in T. b. brucei 

Interleukin-18 signaling does not playa major role in survival during T. b. brucei 

infection. 

Interleukin-18 forms part of the IL-l family and signals via the IL-l receptor-related 

protein (IL-IRrp) (Torigoe, Ushio et al. 1997). The induction of a Thl immune response 

is known to require IL-12 signaling, in addition IL-18 has overlapping functions with that 

of IL-12 and thus both act together in the induction of a Thl immune response (Takeda, 

Tsutsui et al. 1998) (Holscher 2004). Given the synergistic activities of IL-18 and IL-12, 

the role of IL-18 in T. b. brucei infection was investigated. 

The results of two independent pooled experiments showed that although an the IL-18 

gene deficient mice survived the 1 $t peak of infection, IL-18 signaling is slightly 

detrimental to survival in T. b. brucei infection. The median survival of IL-18 gene 

deficient mice was 45.0 days as compared to 36.5 days in wild type mice (Figure 8). This 

result suggested that IL-18 plays a prominent during the chronic stage of disease (as does 

IL-12) and not in the establishment of the initial Th 1 immune response. Therefore, IL-12 

is sufficient for host resistance to T. b. brucei infection in the absence of IL-18 but not 

VIce versa. 
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Chapter Interleukin-12 is essential for rV''''.'ilf'''' T. b. brucei 

-II- C57BU6 Wild 

-0- C57BU6 IL-1 Rrp -/-

100 -C'G .::: 
80 > a... 

::s 
U) 60 
CD 
C) 

B 40 c: 
B a... 20 CD 

D... 

0 
i i • • • i • i 

0 10 20 30 40 50 60 70 

Day post infection 

FIGURE 8. 18 signaling has a slightly detrimental on survival during 

Mortality profiles of wild (III) and 

are shown from two pooled Infectious dose 

was mouse injected intraperitoneally were subsequently 

median survival wild type 

lRrp'/- (n=18) mice. was determined 

by with log rank test for 
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Chapter II Interleukin-12 is essential for resistance in T. b. brucei 

Interleukin-4 and do not playa role in resistance b. brucei infection. 

",v.u.u'~<u""", r,,.,.,.,,,rt,,, as to the to 

different 1J ..... v,,'vu .... SIJeCleS (Bakhiet, Jansson et Inoue et 

(Schopf, 1I""",,,,U'7 et 1998). Using an " ... "'u\J'"....... T. b. brucei parasite, a Type 2 

cytokine reSDOllse was measured in infected wild which displayed H!"'!"''''''''''' 

survival compared to mice infected with wild T. b. brucei parasites. 

suggested that a response decreased immunosuppression and was 

protective (Namangala, de Baetselier et al. 2000). infection with T. b. 

production was (Figure 4). and IL-13, (IL-13 is 

to have OV(~rlaLDDmg functions with VlAnl",",","" 2000) (Muller, 

2007), were "'" •• ""'"."' ... using IL-4 and H."'-""T""',UI. """'U'~''''JlU mouse strains. 

Although was a study perfonned once, 9A) and IL-4/13 

9B) were not found to playa role in survival T. b. brucei infection. Median 

et 

times wild type, BALB/c IL-4-1
- and IL-4Ra-l

- mice were and 

64.5 days, No significant survival were detected 

BALB/c IL-4Ra-l
-
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Chapter II Interleukin-12 is essential for resistance in T. b. brucei 

A) 

B) 

-~ 
> os: .... 
:s 

(I) -s:: 
CD 
(,) .... 
CD 

0.. 

---Wild type (BALB/c) 
100----------~-- -lr IL-4-1-

80 

60 
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20 

O+-~--~~--~~--~~~ 
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--- Wild type (BALB/c) 
100 -o-IL-4Ra-l -

80 

60 
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20 
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Days post infection 

FIGURE 9. Interleukin-4 and -13 do not playa role in resistance to infection with T. b. 

brucei. Mortality profiles of infected BALB/c wild type (e), BALB/c IL-4-1
- (.6) (P> 

0.05) (A) and BALB/c IL-4Ra-l
- (0) (P> 0.05) (B) mice are shown. Infectious dose was 

5xI03 trypanosomes per mouse intraperitoneally and were subsequently monitored daily 

for surviva1. The median survival time was; 58 days for wild type (n=7), 58 days for IL-4-

/- (n=8) and 64.5 days for IL-4Ra-l
- (n=8) mice. No significant differences were found 

between the different gene deficient mouse groups or between gene deficient and wild 

type mice. Statistical significance was determined by the Kaplan-Meier together with log 

rank test for mortality. 
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DISCUSSION 

Interleu'kin-12p3S·I'/p40·1., IL-12p40·1• 12p3S·I·mouse t\n"HPi'I significantly 

reduced 

was 

levels 

compared to wild type controls in T. b. brucei This outcome 

agr'eerneIlt with previous an association with lower IL-12p70 

wild the infection 

compared to more resistant strains 

12 deficient mouse strains, no 

IL-12p70 is the main protective 

n1Tr'UT1t~'7 et at the three IL-

survival rates were that 

survival with no contribution from other 

IL-12 members, namely or the IL-12p80 Interleu'kin-12 

survived several 

suggesltmg that IL-

waves. 

a more striking role during 

residual protection 

established disease. 

As 

et al. 

is an important 

plasma levels 

in T. b. brucei mlectloIllS 

was determined u ...... u~fS 

Filutowicz 

In wild type 

mICe was present during parasite wave with reduced IFN-y 

12 deficient mouse strains. results demonstrated that residual 

IFN-y production was induced during infection the observed auLu"' .... 

allowed residual immunity. 

independent may a direct stimulus 

trvlJaJtlm;Onlles themselves. derived 

found to induce production ofIFN-yby to CD8+ cells 

'-J""""". Bakhiet et aL 1993) and therefore may have contributed to ,"',,'U\4"" 

reS:lst:anc:e in the absence In addition, work describing IL-12-independent 

with residual responses have demonstrated 

DorfmuUer et al. 1999), Mycobacterium 

""''''''''''J''''''''''U major et aL 1996) rl. ....... Ui'VU et al. 2001) 

evaluate the contribution 

and were found to die shortly 

IFN-y to resistance, deficient 

the first parasite wave. Although 
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Chapter 

mIce this doctoral 

12 ael]Cl,em mice, these 

on experiments 

results _A_'~AJ highlighted 

mt,ectLon with T. b. brucei. 

Although 12 deficient 

after the 151 

of the 15t 

all of IL-12 

Interleukin-12 is es.~:en;tlal in T. b. brucei 

were on a background to IL-

support the conclusions Hertz et 1998 which were 

on a C57BLl6 background. These 

of IFN-y reSI)OnSlv<::nes during acute 

did have reduced rates parasitemia 

compared to mice, they were as effective 

mIce. plasma levels in 

were the initial 

parasitemic peak. These together with drastically reduced '-'a. .... a.'-'~t V of 

and TNF deficient to control parasitemia Radwanska et 1999) during 

IL-12 is important optimal production TNF and IFN-y 

and a more UVA.UUUJlU role control peak. Optimal 

parasitemic ofTNF and by IL-12 

Tumor necrosis has been found to have dual effects 

as trypanolytic (Lucas, Magez et 1994; Magez, '-''''''''':>A''''~''' et aL 1997) 

A"''-'''''''''''1"> parasite AnTat 1.1 infections (Lucas, Magez et al. 

Magez, 

immunopathological em~cts 

case of T. b. 

1993; Radwanska et 1999) and causing 

the host \AYA."'p;,,",,e;,_ .,rlu,,<>nC'llr., et 1999). Although 

was reduced in IL- ... """",.",u, mice, no ae(;re;ase in pathology was in spleen 

liver sections in T. b. brucei (data not shown). 

are ne<:::essary for the elimination of vascular bound 

In and are quoted as antibodies for 

clearance in T. b. (Magez et manuscript 

Mansfield 1983). Both VSG specific antibodies in 12 mice were 

(mouse IgG2c by but at 

levels to wild and thus may not the overall of 

Thus the 12 in T. b. seems to be to the 
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Chapter 

more chronic 

necessary to 

Natural 

et 

data 

Interleukin-12 is r:."",..;n,u.IL 

of disease and in promoting the production 

parasitemia. 

are activated by both IL-12 and IL-18 

necessary for resistance during the initial infection. 

the Th 1 response in the of 

IFN-y 

8 

deficient mice suggested that IL-12 was the most important 

gene deficient mice 

In contrast to the aforementioned 

no 

1 have 

found MJJ" .... j'''' .. u!''. role of IL-4 in 

subspecies (Bakhiet, Jansson et 

at 1999) 

mouse 

seem to 

and IL-4Ra 

recent 

2005). 

"'H"'UJ1I~7 et al. 1998). Although plasma 

of infection, this as 

"'.F.UUj'''' .... , .. role in survival in T. b. brucei mtlectJIOn as aelrno:nstJrat€~a 

by Drennan et aI., 2005 found MyD88 

a for TLR9 in this immune pathway 

12 deficient mice share many phenotypic chllralctensl:Ics 

et 

all 

not 

their 

infection, including; effective 1 st peak control but 

mcrea:sea pru~asllterma .... ,.uu.!". the chronic stages, but normal 

involved 

to T. b. 

12 "'''''''' .. ''''1-• .n. .... 

chronic stages of disease to wild type mice. Bone 

malCf()p.tllagles from TLR9 deficient reduced 

respOJnse to T. b. brucei 12 may be 

ImlmunoJogllcaJ pathway whereby 

geltlormc DNA released following the 

to secrete IFN-y. 

malcr()ph.ag(~s respond 

IL-

With prc;:sellce of TLR9 on B cells, a role considered. 

stages as 

it is more likely that 

However only a slight reduction in IgG2c res:pons€~s ,,, ....... j'F. 

as well as in the paper by Drennan et aI., 
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1"",,,1,.-. .. ,,, playa more 'U5HU ..• """'LU 

contrast to IL-12 deficient 

chromc stages of T. b. 

resistance in T. b. brocei 

differentiation of these 

produced more IFN-y 

production may vALH<LI.H 

increased susceptibility in IL-12 ......... ,~"'."'~u compared to TLR9 deficient 

..... u'uv'u of IL-12 may thus be to 

chrome stage of T. b. brucei infection and 

showed similar resistance as wild 

TLR9 signaling in macrophages during 

up-regulation of IFN-y secretion in 

and survival. 

...... H.L'-''' necessary for effective parasitemia vv< .. "" 

In conclusion the data pn~sented chapter showed that IL-12p70, but not 

12p80 homodimer or was optimal resistance to T. b. infection 

in tenns of mortality and 

mediated through IFN-y, 

control. The resistance attributed to 12 was 

production which was SIj;!nUlcamtllY in the 

absence of IL-12. 

stage of T. b. 

mennlore a IL-12 in parasitemia COJUn)l 

optimal TNF and IFN-y IJ~V'U"'''' 

pre:sem;e of 

"' .... ~ ..... UJ."" parasitemia burden. 

was llloJ';;;U\;,U for 
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III 

The role of and associated immunological mediators in resistance 

to evansi infection 

African trypanosomiasis encompasses diseases caused by pathogenic 

infecting both humans animals. Trypanosoma evansi is an economically devastating 

p ... u'Vt.,,,,u present not only America but in countries 

as well. Recently disease been isolated in an mtc~cte:a human. Immunologically, 

not much is known about T. infections animals, however recent work 

elucidated some of the mechanisms oftrypanotolerance. 

In this chapter, the possible role members the IL-12 family during infection T. 

12p40-t- or IL-12p3S-I-/p40-1-

were susceptible to T. evansi, as demonstrated by increased mortality compared to wild 

type 

kinetics, suggesting 

12 

12p 70 but not 

role in survival. While plasma of 

mouse strains .,nr'UT~·n similar mortality 

12p80 homodimer or IL-23 a 

and IgG2c were similar between 

12 deficient and wild mice, IFN -y production, during and late points, 

was ,,"p'\lPr,P,IV all 

dependent mechanism 

deficient mouse 

IFN-y production. 

demonstrating an IL-12p70-

IFN-yK/- mice were also 

susceptible to T. evansi, as found in T. b. brucei, IL-12p70-dependent IFN-y production 

seems to be the n'l1"I,nrl",ni" mechanism involved in reslst,lUlc;e against this nalmo·!!ell1. In 

addition, other Thl relatea trypanotolerance factors were found to important host 

• ",,,,.,, .. ;un.'''' to infection T. evansi. 
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INTRODUCTION 

General background on evansi infections 

Trypanosoma is a naltllOQelrUC haemoflagellate significant ec()n()mJIC importance. 

This which is present almost worldwide, occurs Africa, South 

America, it is to cause Blood-sucking insects genera 

T. Stomoxys, Tabanus, Atylotus Lyperosia are to 

This distribution compared to 

trypanosome, u ... "",.", many ..... JlU"~."' .... '-,.,.nUUj", U'oJ'U''''''U'-'. wild laboratory 

mammals 1972). loss of uu.."", ... ,u kinetoplast (kDNA), has 

T. evansi, is mechanism its range of 

noltentJal vectors consequently mc:reaISm,Q the hosts (Borst, Fase-Fowler et 

Host immune responses to infection with evansi 

host to mliocrlon with T. b. as as T. 

cOJ"lV{Jlel"lSe have widely researched. contrast, T. evansi few have been 

and these not tackle immunologically-related mechanisms of host 

survival and parasitemia "", ... tr",1 (Onah, Hopkins et al. 1998) Hopkins et 1998). 

Furthennore, studies used H;"l"",nt T. isolates with pathogenesis 

..... ."...... models of genetic 

et a1. 1978) (Luckins, Boid et 

(Aquino, Machado et al. 1999) (Queiroz, 

1979) 

et a1. 2001) 

comparisons problematic 

"':""",u·"" et a1. 1989) 

2000). However, trypanosome HI"".uat"'U immuno-suppression, has 

Cabello et a1. 

identified in T. 
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evansi as similarly found in T b. 

~Vll,;U1U, My et a1. 2001). 

and T. OI1U-'H<:P (Onah, tl01DKllllS et a1. 1998) 

Recently, a compendium different deficient mice, 

was identified as responsible host trypanotolerance, with 

for parasitemia control and De et a1. 2007). These 

authors and NO wild type 

infection, but UU ... "'.lV"'" In UeJ.IClem: mice demonstrated that factors were 

U1"V ..... ""'L'1 ... in terms of survival and parasitemia control. However, as in T b. 

brucei n1",,·,-.1",,·r! mice, TNF was found to a role in of ..... '..,AU ..... T 

evansi Intc~Ctl::a mice. 

AIMS 

It has been previously that Thl are required 

trypanotolerance Filutowicz et a1. 1993). 12 plays a pivotal role in 

T -cell reactivity (Brombacher, et a1. 2003) (Trinchieri 1993), aims 

of this chapter were to dissect roles of IL- and the IL-12p80 homodimer in 

T. evansi using 12p40 

addition, the role other cytokines and immune related factors involved in 

[fYlDaIIOl'Dlerarlce were deficient However, it should be 

mentioned doctoral was initiated to the of Baral et 

showing that but not Type 1 cytokine were necessary resistance to T. 

Inf,ectIon (Baral, Baetselier et 2007). 

MATERIALS & METHODS 

(Refer to Material & Methods section Chapter II) 
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RESULTS 

Interleukin-12p3 SI-1p4q1-, and IL-12p3s-1- mice infected with evansi 

display reduced survival compared to wild type mice. 

to ptprrn·lnp the of IL-l (P35/p40), IL-23 (P19/p40) and 12p80 

homodimer during infection trypanosomiasis, mice deficient in either one or both 

p35 and p40 were infected with T. evansi. Survival T. evansi mice was 

significantly decreased all deficient mice wild 

(Table 1 and 1). No mortality were observed IL-

12 mouse From mortality graph resistance is 

more apparent during chronic from day post InlleCtllon. 

mice showing a rate of mortality compared to the deficient 

mice. contrast to infection with T. b. brucei, where mortality in wild type and IL-

lDlce from day post mortality in T. infected 

began rapidly after infection. In summary, IL-12p70 is necessary for trypanotolerance to 

Int,ectlon with T. no role or the 12p80 nomOOlIneI 
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TABLE 1. Interleukin-12 deficient mice with evansi show increased 

mortality compared to type mice. 

Parasite Strain of Pvalue 

speciesll survival (SD) mice/groupb compared to Wild 

Type micec 

T. Wild 47.0 ±24.1 

IL-12p35-t-/p40-1- 31.4±14.3 < 0.001 

12p40-1- 31.1 ± 13.1 < 0.001 

30.3 ±20.6 34 P< 0.01 

a were uu,_'-' .... A.l lxl03 trypanosomes T. intraperitoneally monitored 

b Three independent experiments were combined. 

c I!rul1can<:e were per'iormed using 
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- Wild Type C57BU6 
-D-IL-12p35-1-/p40-1-
-6-1 2p40-1-

-0-1 2p35-1-

a:s 
> .-c: 
rn ....., * s:: 

40 CD 
u .... 
CD 

D.. 20 

0 
• i i i 

0 50 75 100 1 

Days post infection 

1. Interleukin- deficiency mortality to infection with T. 

evansi. profiles of uU'~"'u .. ,u (a), (D) 

(p<0.0001), (p<0.0001), and IL-l (0) (p<0.0001) are 

3 independent """"""" experiments. ffin;:cuous dose was trypanosomes 

mouse were subsequently monitored daily survival. The mean time was; 

47 days wild type (n=33), 31.4 for IL-12p35-1-/p40-1 
.. (n=35), 31.1 for IL-

(n=21) days for (n=34) No 

were found between gene deficient Statistical 'HEY'U."~""""~" was Get,emlme:G 

by the Kaplan-Meier together 

< 0.001. 

log rank test mortality and are indicated by; ***, P 
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Interleukin-12 is necessary for optimal clearance of parasitemia after each 

successive wave during evansi infection 

......... ,,, .. '" burden during infection was measured to determine of family 

members the control of parasitemia due to infection T evansi. The parasitemia 

T evansi was markedly to observed T b. brucei mtl~cte:d 

C57BL/6 wild type mice (Chapter II, Figure 2). In contrast to T b. infection, 

where of 

wild type and 

infection. 

control with mortality in IL- deficient both 

deficient mice displayed parasite burden during T evansi 

type significantly reduced their at days 12 

36 forming waves of parasitemia as to all IL-12 deficient which 

failed to reduce (Figure 2). 23, following second parasitemic 

wave, in wild type was observed as compared to 12 deficient 

However the reduced did not by 

wild mice during the progression of the disease became less most likely 

to of hosts' over time. No differences in 

parasitemia clearance were between the 12 deficient strains. These results 

hpr,,,tn,rp stlgg1est(:d that blood wave of n~t~Ql,tPQ 

is to a degree controlled by IL-12p70, but not IL-23 or IL-12p80 homodimer in T 

evansi mtlectllon. 
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---C57BL/6 Wild Type 
-D-IL .. 12p35-1-/p40·1• 

-ir-IL .. 12p40-1-
-<>-IL .. 12p35-1-

o 10 20 30 40 50 60 
Days post infection 

FIGURE 2. Imt::nt::UKlll- is nec:essary optimal !,J<U'''''U'''UL.IU T. 

H'.U~,",'~AL mice. Parasitemia of T. evansi infected wild (III), IL-

( <» mice are shown. 

evansi mtc;!ctf~d mice were infected intraperitoneally 1000 

parasitemia was determined from peripheral blood obtained from tail 

detectLon limit 2.7x 1 05 (dotted are the mean from 3 

pooled eXl)enments per Inferred data points <>"1'1,"'<>1"11'\0 

below OeteCi.IOn limit are denoted <po Statistical .. "5u .... " ........ 1. .... '" infected 

and IL-12 deficient mice was determined by one-way ANOVA (Dunnett post test) 

and are indicated *, P< 0.05. 
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Interleukin-12 does not playa role 

infected mice. 

detennined. 

and TNF receptor 2 were responsible 

Baetselier et al. 2007). 

anemia development in evansi 

and the cytokines in its 

deficient it was found that 

induction of ..... "-.. ,. ... }::,,,, ..... ,.,u., .... (Baral, 

shown in a 

1st parasitemic 

entered the chronic 

decrease red blood cell concentration occurred during the 

recovered at of the the infection 

evansi infected 

controls. 

U.\J'","',,'VU of un,,,,.u .... 

fluctuation in the extent of anemia 

deficient mice 

IL-12 family 

T. infections. 

a similar anemia 

did not appear to 

Overall, 

a role in the 
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Chapter III 
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Interleukin-12 is necessary for resistance to T evansi 

• i 

20 30 

...... C578L/6 Wild Type 
-0-1 L-12p35-1-/p40-1-
-tr'L-12p40-1--¢-, L-12p35-1-

• i • • 
40 50 60 70 

Days post infection 

FIGURE 3. Interleukin-12 does not playa role in the induction of anemia in T evansi 

infected mice. Red blood cell concentrations of T evansi infected C57BLl6 wild type 

(.), IL-12p35-1-/p40-1
- (D), IL-12p40-1

- (L), and IL-12p35-1
- (0) mice are shown. 

Trypanosoma evansi infected mice were infected intraperitoneally with lx103 

trypanosomes. Thereafter red blood cell counts were determined from peripheral blood 

obtained from tail snips with a lower detection limit of 1.6x 107 RBC/ml. Data points are 

the mean from of 5 individual mice per group. Statistical significance between infected 

wild type and IL-12 gene deficient mice was determined by one-way ANOVA (Dunnett 

post test). 
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Interleukin-12 is necessary for optimal IFN-y production during T. 

infection. 

Interferon-y is parasitemia control in Trypanosomiasis 

Since IL-12 is 

IFN-y during 

infection (Hertz, I1lT',",Ul'''''7 et 1 (Magez, 

known to initiate IFN-y prc.oul:ucm (Trinchieri 1994), 

T. evansi infection were Plasma was 

during the 1 st parasitemia at day 8, and post 2nd 

4). 

Trypanosoma evansi 

production, as 

Trypanosoma 

1""'''1-,''' .... in wild type mice induced 

another study (Baral, 

IL-12 deficient 

responses, as T. b. brucei infection 

brucei infection, T. evansi IL-12 deficient mouse 

amounts of only a slight reduction nn,opnllPn 

mouse groups 

peak at day 28 (Figure 

systemic IFN-yand TNF 

et al. 2007). 

ill impaired IFN-y 

... ","'"".. in contrast to T. b. 

produced substantial 

4B). These 

suggested that 

12p70, but that low 

T. evansi infection, optimal IFN -y is dependent on 

wild type 

post '.u.'"",,,,,vn 

of IFN-y production can independently induced from 

p40 subunits. In addition, IL-4 was induced 

however levels were between IL-12 gene .... " •.• _."" ... 

Levels of IL-12 were un(lett~ctfLb in plasma at day 8 

not shown) "'_TV .... " and IL-12 """' .. '"." .. , 

28 
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A) 

C) 

FIGURE 4. 

evansi. Interferon·y (A), 

C57BLl6 wild type (Filled 

and IL-12p3S-I
-

points analyzed were at 

are representative 

deficient were not 

expressed as means 

infected wild and 

aC57BU6 Wild Type 

test are indicated by; *, P < 0.05. 

B) 

Days post infection 

reS;DOns(~s to infection with T. 

V ... "'H"" levels were measured by ELISA in 

12p40-1
- (Striped bars) 

trypanosomes. Time 

peak). Results 

levels in IL-12p40 

infection. Data 

...... e"' .. " .... significance between 

by unpaired Student's t-
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Immunoglobulin M responses are normal in IL-12 deficient mice 

compared to wild type mice. 

Anti-VSG antibody responses, shown to play a 

parasitemia control infections (Baral, De Baetselier et al. 

2007). The type and IL-12 aeIllCle:nt 

w~re therefore measured to npi"Prt'n1rlP 

deficient mice correlated with 

Immunoglobulin M at 

gene deficient and wild type 

7 or at day 28 post infection were .::>nUL"'" 

5A). Both Ig2c (measured 

"nULuaL between wild type and IL-12 IgG2a) and IgG2b 

with considerably 

infection in all mouse 

('rp,,,,,,,'11 V.La':>Jlll" levels present at day 28 compared to day 7 

and 5C). 

Immunoglobulin-l ~~'I"""'.J higher in all IL-12 mice COIlnpare<1 to wild 

2 

mice at day 

type and 

Levels of IgG3 were slightly wild 

""'"""""., ........ mice at day post infection '"'v.ulJ· ..... 

6B) ....... n'''·'''''''' were found 2p70 at 

day 28 

In summary, did not have a significant on 

levels, the most important of which is IgM that is necessary 

survival (Baral, et al. 2007). 
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Dilution factor 

1 

Dilution factor 

~ 3.0 
~ 

~ 2 . 
.c 
~ 1.0 
C) 

- 0.0 

Dilution factor 

I Day 28 post infection 

responses, and IgG2b, are 

compared to IgG2c (B) 

plasma antibody from T. evansi wild type (B), 

1 IL-12p40-1- IL-12p35-I-p40-1-

8 and 28 post infection 1-''''':''''''' antibody titers from .... t-'''',...t-~.n 

(C) 

are 

are 

represented. Pre-immune serum was used as controls (0). Data points mean 

of 2-3 mice. 

IL- "",,",,,'V'''''.UL mouse groups were 

slgnlIllCaIlCe tests '"'",19'11""'''' 

by Student's t-test 
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Dilution factor Dilution factor 

I Day 8 post infection 

FIGURE 6. A slightly increased IgGl response in IL-12 deficient compared to wild 

type control IgG 1 (A) and plasma antibody from T. evansi infected 

wild (II), (0), 12p40-/- and 

C57BLl6IL-12p35'/'p40'/' post i'P£'i-"" .... plasma antibody titers 

mice are reulres:enl:eG_ Pre-immune serum was used as controls (0). Data 

-'-oJJe.;,lYJ. from 1J,,",uua of 3 mice. slgrnIllcallce tests 

between wild and deficient mouse groups were determined by Student's t-test 
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Interleukin-12 plays no major role in the development of pathological 

lesions in the liver during evansi infection. 

Histological analysis and 

to detennine extent of pathology 

sections was perfonned 

to a lack 12, 

light microscopy 

and IL-

homodimer T. b. infection both the liver 

(Holmes, MacAskill et \H'-'"",,,,,,,n..r.U, .t:IlOl[neS et spleen are "Tll"H/n to 

involved '"'HJ.U.U ..... J."' .. of blood stream parasites, with a further for the "IJ""''''U 

survival ruAV.::>'" 1980). in T. infection, .:nUlllHU 

organs not been perfonned in published data. have concentrated on 

pathological lesions by but been 

out in diverse models (Dargantes, Campbell et 

Choudhury et 2001) (Aquino, Machado et 1999) Corbera et 2006). 

No in the extent of hepatomegaly were between type IL-12 

deficient mouse groups with T. (data not shown). At days 8 (data not 

28 infection pathological the were noted groups 

mice studied increasing together with progression of disease. However, at days 8 and 

post in pathological ''"''''AU'''' 

and IL-12 mouse At day post infection, 

mouse 

cellular infiltrates and the sinusoidal spaces of 

deficient 

focal 

(Figure 7). and wild type mice had similar compositions of 

mcmonU4::1eiU cell of activated with 

lymphocytes and neutrophils. suggested that IL-12 not playa 

role induction of pathological lesions the liver " ...... ul". T. evansi infection. 

However, some, but not 12p40 

".U .... "'JiU.'U SI,aCt~S together with greatly liver structure compared to the other 

12 aeltlclem mouse and type controls. analysis of a group of 

12p40 ael[IClem mice be needed to detennine this trend is significant. 
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Chapter III 

40x 

Interleukin-I2 is necessary for resistance to T evansi 

.-
3: 
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o 
~ a. ....... 
• .... 
Lt') 
M a. 
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~ • ...J 

• -• o 
~ a. 
N 
~ • ...J 

• .... 
Lt') 
M a. 
N 
~ • ...J 

200x 

FIGURE 7. Deletion of IL-12p40 results in slightly increased tissue disruption in liver of T evansi 
infected mice compared to wild type and other IL-12 deficient mouse strains. Liver sections were mounted 
and stained with H&E for visualization. Representative images shown are of infected C57BLl6 wild type, 
C57BLl6 IL-12p3Y/"jp40'/', C57BLl6 IL-12p40'/' and C57BLl6 IL-12p3Y/- mice at day 28 post infection. 
Black arrowheads indicate regions of inflammatory cell foci and yellow arrowheads indicate enlarged 
capillary beds. (Magnification of images: 40x and 200x). 
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Both gene deficient and wild type mouse groups display a similar 

extent of pathology in the spleen during the course evansi infection 

During T. infection, wild type and deficient mouse fTrnnnc 

At day 8 (data not shown) 

pathological '''''HUH;:) were found both type and IL- deficient mice, together 

with the course the extent became more pronounced. At both 

infection, no differences extent of pathological lesions was between 

deficient mouse groups or between the mutant and wild mIce. The of 

discrete germinal centers was also observed throughout ...... "'" •.• "' .. in all mouse err",'n ... " 

At day 28 post infection 8) the extent of pathological was the 

as to day 8 infection. Overall splenic structure was disrupted all mouse 

studied. spleen white pulp follicles from infected wild type IL-

deficient exhibited depletion disorganization. observations 

have found in intravenously infected (Ngeranwa, Gathumbi et al. 

IVl()flO'nUICle,ar cell structure disruption the red pulp was 

found to in wild and IL-12 gene T. evansi 

infection, does not to a role in the induction of V" • .uVJlUl5'''' lesions 
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Chapter 111 

40x 

Interleukin-12 is necessary (or resistance to T evansi 
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FIGURE 8. Interleukin-12 does not playa role in the induction of pathological lesions in splenic tissue 
in T evansi infected mice. Spleen sections were mounted and stained with H&E for visualization. 
Representative images of spleen sections stained with hematoxylin and eosin (H&E) are shown of infected 
C57BLl6 wild type, C57BLl6 IL-12p3y/-/p40-1

-, C57BLl6 IL-12p40-1
- and C57BLl6 IL-12p3y /- mice at day 

28 post infection. WP and RP denote white pulp and red pulp, respectively_ (Magnification of images: 40x 
and 200x). 
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Chapter III Interleukin-12 is necessary (or resistance to T evansi 

Interferon-rproduction is crucial for resistance to T. evansi infection. 

As IFN-y plasma levels were impaired in all IL-12 deficient mice infected with T evansi, 

the role of IFN-y signaling in the control of trypanosomiasis was investigated using IFN-y 

receptor (IFN-yR) gene deficient and wild type mice on l29SvIEv background. Although 

another study showed no role for IFN-yR in survival in T evansi infections (Baral, De 

Baetselier et al. 2007), reduced survival was observed in IFN-yR (129Sv/Ev) deficient 

mice compared to wild type (129SvlEv) mice, with mean mortalities of 15 vs. 27 days 

(P<O.OOl), respectively (Figure 9A). Interferon-yR deficient mice were unable to clear 

the first parasitemia wave, with mortality occurring concurrently (Figure 9B), as 

compared to wild type control. Although wild type mice displayed high parasitemia, they 

still survived longer than IFN-yR deficient mice. These data demonstrated the importance 

of IFN-yR responsiveness for survival in T evansi infection as found in T. b. brucei 

infection. A role for IFN-y in parasitemia control may not be ruled out, since l29SvIEv 

wild type mice are highly susceptible and are unable to clear parasitemia as effectively as 

C57BLl6 mice. 
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Chapter III Interfeukin-12 is necessary for resistance to T evansi 

A) B) 
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0 , , , 
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Days post infection 

FIGURE 9. Interferon-y signaling is necessary for survival to infection with T evansi. 

Survival of 129Sv/Ev wild type (_) and IFN-yR deficient (0) mice are shown. Mice 

were infected intraperitoneally with 1 x 1 03 trypanosomes and monitored daily for 

survival. Mean survival times were 27 days for wild type mice (n = 14) and 15 days for 

IFN-yR gene deficient (n = 17) mice (P<O.OOl) (A). Parasitemia profiles of infected 

129Sv/Ev wild type (_) and IFN-yR gene deficient (0) mice (8) were similar. 

Parasitemia was determined from peripheral blood with a lower detection limit of 

l.Ox 1 06 parasites/ml (dotted line). Mortality and parasitemia data were pooled from two 

independent experiments where 4-5 mice per group were used for parasitemia 

measurement. Statistical significance was determined by the Kaplan-Meier test for 

mortality and for parasitemia the unpaired Student's t-test was used; ***, P < 0.001. 
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Tumor necrosis factor plays a role in parasitemia control but not survival 

or induction of anemia in T. infection 

Since T. evansi infected IL­ displayed slightly reduced plasma 

TNF (Figure 4), the role of TNF 

Although a recent report found no 

"'''L.:HalL''',", to T. evansi infection was m,res1ng'Enela. 

Baetselier et a1. 2007), 

completely with those .. " ... JU,.uv ..... 

in parasitemia control or survival ,,,,,, .. , ... u. 

from this single pilot experiment do not concur 

Survival periods npr,,,,,, ..... 

similar (Figure 1 OA). 

parasitemia were found 

TNF deficient mice (36.0 days) were 

throughout infection, peaks of significantly 

as cOlnpare:d to 

(Figure lOB). uu.uu,;u ouu".uu5"" been reported in TNF deficient with T. 

b. brucei (Magez, 1997). levels of «""'.UH« 

(Figure 1 OC). H"",p.'up.r 5 post infection anemia was ""15uU.J.""<U .. ,,)' 

TNF gene ...... "l.l"' .. "U .. su~~ge:stIIlg that the induction of anemia by TNF 

the acute stage of were confirmed in TNF-Rl 

deficient (on a background), where similar survival, palrasllterma 

anemia results were (data not shown). The differences in " .. ,,,,,u.'" 

study may to that these mice are kept 

from the are not kept under such stringent conditions. 

malca'te a '''P'HIIT'", CiomlDOnellt playing a role in anemia 

personal COlmfllUl1i1CaltIon 

In summary, is C011Sl1!ltetlt with ofa 

for optimal trypaJnol:OH~ralt1Ce to infection with T. 

data 

(Magez, 

response 
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FIGURE 10. Tumor necrosis factor is for parasitemia control in infection with T. evansi. 
Survival (A), and RBC concentration (C) profiles of T. evansi infected C57BLl6 wild type 
(_) and mice. Infectious dose was 5x103 trypanosomes per mouse 
and mice were monitored for survival. The median survival time was; 32.0 
type and 36.0 for mice. Parasitemia was determined from peripheral blood with a 
lower detection limit of line) from 5 mice per group. Statistical significance 
was determined by the test for and for parasitemia and RBC concentration the 
unpaired Student's t-test was used and are indicated by; *, P < 0.05 or **, P < 0.01. 
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Inducible nitric oxide 

infection 

InT. 

Radwanska et 

1999) and T. 

in host ~ ... "'."''' ....... <''''. 

role 

suppression had no del:nnleilltai 

Since data presentea 

with T. 

not required for host resistance in T. evansi 

was ............ ,<......... as crucial for host resistance (Magez, 

rhodesiense (Hertz and Mansfield 

for this molecule was found 

two pathogens demonstrated that NO played 

the trypanosome-induced 

or parasitemia controL 

1 cytokine deficient mice infected 

U(U~L"~'llI;;L et at 2007), the 

NO in host ",., •. ,,.UJI • ..,,,, 

demonstrated that 

ImeCtlOn was mvesillgal:ea. L""''' ...... ., the iNOS aeI1LCleint 

lIe). 

resistance to T. 

un) •• "' .... < ...... in host resistance as shown by data 

1 parasitemia control (Figure HB) and anemia 

L!Hj.l"' ...... L .... <:>. d~DWltlstlrealrn of IFN-y, may be involved in mediating 
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FIGURE Inducible nitric oxide is not for host resistance in T. evansi infection. Survival 
(A), parasitemia (B) and RBC concentration (C) profiles of T. evansi infected C57BLl6 wild (_) and 

. C57BLl6 iNOS·f• (D) mice. Infectious dose was lxl03 trypanosomes per mouse Mice 
were subsequently monitored for survival. The median survival time was; 50.0 for wild 
(n=9) and 38.0 days for mice. Parasitemia was determined from peripheral blood with a lower 
detection limit of 4.0x106 from 5 mice per group. Statistical 
determined the and for and RBC concentration the 
Student's t-test was used and are indicated by; *, P < 0.05 or **, P < 0.01. 
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Interleukin-18 signaling does not playa role in resistance during T. 

evansi infection. 

induction of a Thl immune resJ)Olllse the "r'Tl'l1Tl,P" 8 (as 

IL-12. as other molecules), with IL­ overlapping functions 

.", ... ,,.,. .. -12 and ILl8 act early 

events a Thl immune reSl)on:se (Takeda, Tsutsui et al. (Holscher 2004). 

.", ... ,,.,. .. -18 is a member 1 family and signals via 1 

..... n't"" .... (IL-l Rrp) (Torigoe, et aL 1997). Given the complementary of IL-18 

infection was using IL-l Rrp 

Although was ... ",,,+r..rrn once, no role for IL­

18 ""0"'''''''0 in survival (Figure parasitemia control and anemia 

12C) during T. evansi uU'",,,,.,,vu was LVUHU. 
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Interleukin-18 plays no role in resistance to infection with T. evansi. Survival 
parasil:emia and RBC concentration (C) profiles of T. evansi infected C57BLl6 wild type (_) and 

(0) mice. Infectious dose was lx103 per mouse intraperitoneally and 
were subsequently monitored for survivaL The median survival time was; 47.0 days for wild 

and 47.0 days for mice. Parasitemia was determined from peripheral blood with a 
lower detection limit of (dotted line) from 5 mice per group. Statistical 
was determined by the Kaplan-Meier test for mortality and for the Student's t-test was 
used. 
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Interleukin-4 and -13 do not play a role in resistance or susceptibility 

during T. evansi infection. 

IL-4 in ~".,"~ .... ,u,,'" to different Trypanosoma species 

ansson et al. 1996) Inoue et aL 1 (Schopf, 

mlectlon with T. evansi production of IL-4 was found to 

nelrelc)re the cytokines IL-4 and 

which are known to have overlapping functions (Brombacher 2000) (Muller, Stenzel et 

al. 2007), were this was a pilot once, no role for 

(Figure 13A) or (Figure 1 survival during T. evansi infection was found. 

median survival BALB/c wild type, mice were; 47, 

and 39.5 respectively. Furthermore, no ttplrpn,rpc in survival between T. 

infected IL-4Ra-l
- were found. 
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FIGURE 13. ''''''''J'''''''U-·' and -13 do not 

Mortality lJiVJ.U,",., of infected LlF">..LJUO/ 

a in survival ...... uu.E, infection with T. 

IL-4 -/- (L:.) 

(A) IL-4Ra-l
- (0) (P>O.OS) (B) are shown from 1 

was 1x103 tfYIl>anlOS()m\~s per mouse intraperitoneally and 

were subsequently "!LV'U.LL'eli daily for 

days for IL-4-1
-

median was; 47 

wild type (n=8), 39.5 days 

significant differences were found between deficient mice or ""'T'."""," gene deficient 

wild type 

log rank test 

U'""lV".t significance was determined by Kaplan-Meier together 
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intracellular adapter molecule MyD88 crucial for host resistance in 

infection 

innate immune reSDOltlSe during T. b. 

MyD88 was found to be crucial for 

,",U.J.claii. Stijlemans et Both these cytokines are essential 

et 

2001). Thus the initiation 

et aL 1999) 

and TNF 

protection 

<lHJ,<Uii:;<lia, Noel et al. 

1 immune respOlllse was dependant on MyD88 in T. 

b. infection. • ........ P"""'''',-1 susceptibility the MyD88 mIce was 

not attributed to the 

sug;ges:ted to rely on one or 

of IL-l a, IL-l ~ or 18 mediated i:Ul5JliaJ.JlH~, but was 

TLR. In 9 was identified as necessary 

survival, but did not explain the severe susceptibility found in MyD88 deficient 

presented so far in chapter has that a Type 1 response was 

for host against T. evansi Thus the MyD88 which 

a role in the T. evansi infection was investigated 

MyD88 Although only once, the 

obtained paradigm 1 cytokines are 

for host MyD88 to T. 

14), most likely due to decreased IJIVU .... ., .. \J'u IFN-yand as found in T. b. 

infection 

mrc:cnon. IL-18 

T",,,,r ...... ,, dependant on 

", • .u.U •• u. Stijlemans et al. 2005). Similarly, as T. b. brucei 

not shown) were '"''''~''0.4, .. ",y as resistance 1 and TLR2 

during T. 
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14. Myeloid factor 88 is """, • .,nu< .. host resistance in T. evansi 

illII;::cuon. Survival profile is of T. wild (II) 

MyD88-1
- (0) Infectious dose was trypanosomes mouse 

intraperitoneally. Mice were subsequently HnJ'''H~'''''U for survival. 

was; 50.0 wild type (n=9) 1 days for MyD88-1
-

significance was determined by the Kaplan-Meier test for 

IHUJ:'-GtU;;U by; *, P < 0.05. 

and is 
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CD4 T cells are rVlllllr~'1I 

evansi infection 

parasitemia control and survival during T. 

as dependent B-cell to occurs 

(Reinitz and Mansfield 1990). Variant glycoprotein 

principally localized the .... "' ... 1'n'"'''''' These T-

do not proliferate in .. ",,,,,,,r,...'1 but produce 

T-cell independent as 

in trypanosome llltc;:cte:a 

specific T -cells were 

cells, identified as 

substantial amounts 

stimulate a ""u,.,,,,,,,,,u 

cytokine reSl[)ODlSeS 

CVt,DKI:neS such as IFN-y when stimulated. VSG molecules 

"''''L''U'W. subset during infection, to~~etller with the associated 

and IFN-y, were 

(Barkhuizen, et 

was 

"","'UI1'''7' et aL 1993). As 

for 

the role of L-L'''t-l[)OSnnre 

1 cytokines, such as IL-12 

T. evansi infection 

resistance to T. evansi 

su~~ge:sts a crucial role 

1 st peak parasitemia 

"L,,,,nc,n,,,,,, T-cells in parasitemia 

Although this pilot ",v ... .,. ... ',,," was performed only once, 

survival (P<0.05) (Figure 1 

I5B). A similar role for 

for CD4-positive 

control (P<O.01) 

CO]1tf()l was T. b. gambiense infection (Inoue, 

the induction of Ul"~UJ.J,a these LLI"+-D01Slll 

correlate with parasitemia (Figure 1 

reauce:a a'"'''.LU''' were found 

lllcrea:sea and mortality ""'I',<U', parasitemia 

These eurnlllary data suggests that CD4-positive 

and the control of parasitemia after the initial 

et al. 1999). The role of 

two extremes and may 

extreme, low levels of 

mice. However, as 

....... u£'," increased. 

required 

parasitemia during T. 
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15. CD4-positive T-cells are for parasitemia control and survival in T. evansi 
infection. Survival (A), parasitemia (B) and RBC concentration (C) profiles of T. evansi infected C57BLl6 
wild (_) and C57BLl6 CD4-1

- mice. Infectious dose was lx103 trypanosomes per mouse 
Mice were for survival. The median survival time was; 50.0 

and 23.0 mice. Parasitemia was determined from peripheral 
parasltesl'fill (dotted line) from 5 mice per group. Statistical 

slgrun:CaI1Ce was determined by the test for mortality and for and RBC 
concentration the unpaired Student's t-test was used and are indicated by; *, P < 0.05 or **, P < 0.01. 
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DISCUSSION 

Interleukin-12p35-1-/p40-1-, IL-12p40-1-

significantly reduced survival compared to 

mouse strains displayed 

during T. evansi infection. 

which indicated that only a 

and not a Type 1 inflammatory 

12 deficient mouse strains 

12p70 is the main protective 

from other IL-12 family members. 

several waves of parasitemia 

deficient mice. 

This outcome contradicted 

response was required 

reSDO]tlSe (Baral, De Baetselier et 

showed no differences in 

for survival, 

Interleukin-12 

demonstrating that L ".:>, ........ 'u J):rotlectlon occurs 

The parasitemia of wild T. evansi differed to that of T. b. brucei, 

with high variation found is similar to 

described in other animal Gathumbi et aL 1993). 

evansi infection in wild severe inability to efficiently 

waves, deteriorating after each suc:cefssnre wave, suggesting a progressive '-'HJ'.UV'U 

immune control. Interleukin-12 mice infected with T. evansi were """u""", to 

reduce parasitemia compared to wild type mice. However, later during infection, no 

differences between wild type mice were found. This a 

for IL-12p70 ""&,,u.uu'o parasitemia controL 

During 

reduced 

evansi mtc~ctt~<1 

the 1st 

importance 

hampered by 

mortality 

were 

points examined, plasma levels IFN -y were severely 

contrast to T. b. only moderately lower Trypanosoma 

were highly susceptible and were to clear 

died thereafter. This clearly the 

although a direct comparison was 

genetic and 

controls in T. evansi infection. Tumor plasma levels 

12 deficient mice during 
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not to be important in survival or parasitemia 

2007). However, the results reported here suggested that 

survival 

type and 

T. evansi infection. In terms of anti-VSG 

shown that IgM is crucial for parasitemia control and 

et aL 2007). However no obvious differences between wild 

,",,,,,''v., .. ,, .. mouse strains were found in this doctoral study. Therefore the 

T. evansi infection is dependent on 

12, with a possible TNF (or a combination of both) as found T. 

b. brucei infection. 

12 deficient mice was 

indicated that the increased mortality found 

responses. 

Interleukin-12 mCLepenclerlt lfil(lUCnCm of include a direct stimulus via the 

release of stimulatory derived lymphocyte 

triggering factor IFN-yby binding to 

CD8+ cells in T. 1996), and therefore may have 

contributed to in the absence of IL-12. 

Furthermore, ,.,,,.'Uy,;U Thl responses have been 

demonstrated during Dorfmuller et al. 1999), 

Mycobacterium (Holscher, et 2001) and Leishmania major (Mattner, 

Magram et aL 1996) infections. In T. b. brncei mtlectllon. natural killer cells are thought to 

be necessary for resistance during initial u ... ",,,,,.v .. which are activated by both IL-12 

and IL-18 (Namangala, Sugimoto et al. 2007). T. infection, in the 

absence of IL-12, IL-18 may drive the Thl residual host 

protection. Indeed, in the absence of IL-18, IL-12 was to 

host resistance to T. evansi infection. 

In terms of the induction of pathology during mlleCtllon. TNF to 

effects in T. b. brucei infections, such as trypanolytic effects 

Magez, et al. 1997) reducing parasite burden 1.1 

infections (Lucas, Magez et al. 1993; Magez, Lucas et al. wansll~a et 

1 and causing immunopathological effects in et 

1 
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Chapter III Interleukin-12 is necessary (or resistance to T. evansi 

1999). In T. congolense infection, although IFN-y was required for host resistance 

(Magez, Radwanska et aI. 2006), this cytokine was also responsible for causing 

pathological lesions in the liver from infected mice (Shi, Pan et al. 2003) (Guilliams, 

Oldenhove et aI. 2007). In T. evansi infection there was no overall difference in 

pathology in the liver and spleen of IL-l2 deficient mice as compared to wild type mice. 

However, plasma levels of IFN-y were drastically reduced and a slight reduction in TNF 

during the chronic stage of infection was observed. These findings demonstrated that the 

induction of pathology was independent of IL-12 and may also be independent of IFN-y 

production. 

Work by Drennan et al., 2005 found MyD88 signaling to be crucial for resistance in T. b. 

brucei infection, with a partial role for TLR9 in parasitemia control (Drennan, Stijlemans 

et al. 2005). InterIeukin-l2 may be involved in this immunological pathway whereby 

TLR9 present on macrophages respond to T. b. brucei genomic DNA released following 

the 1 st peak of parasitemia, and upon IL-12 induction stimulates the secretion of IFN-y 

and TNF (Barkhuizen, Magez et al. 2007). As MyD88 deficient mice were severely 

susceptible in T. evansi infection, a similar mechanism may play a role and may thus 

explain the reduced parasitemia control and survival found in IL-12 deficient mice 

compared to wild type mice. 

A comparison of the mean survival in wild type mice infected with T. evansi or T. b. 

brucei shows a slight increase in T. evansi (47 ± 24.1 days) as compared to T. b. brocei 

(40.6 ± 8.8 days) . However, the onset of mortality in T. evansi started from day 12 post 

infection whereas in T. b. brucei onset began only at day 28 post infection. Furthermore 

parasitemia profiles were strikingly different between the two pathogens. A study by 

Baral et aI., 2007 found that levels of parasitemia in wild type mice infected with T. 

evansi was low during the chronic stages of disease as found in T. b. brocei by others. In 

contrast, T. evansi infections in this doctoral thesis displayed a high burden from the 

initial parasitemic peak, suggesting that a more virulent strain of T. evansi, in terms of 

increased parasitemia, has emerged in the laboratory. 
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Furthennore, the ltti'rp'n{,~>!l in the results 1 29Sv/Ev 

ae][ICI'em mice in this study, as compared to 

"rn" .. o" ... ,'P of a more virulent T. 

of Baral et aI., 2007, also be due to 

It . is possible that passaging 

the 

........ u .... ,~. Researchers 

has resulted in 

~1nlrp7 et a1. 1998) 

T. evansi 

of maintenance 

found that 

may have 

changes, such as a more rapid onset 

increased 

demonstrate 

...... ""CA."'''' (Murray, 

differences 

et 

in increased 

this process 

1982). 

morbidity patterns 

llHJ" .... "'uu'5 possible npT,"rn_f'., • .;'.n~~_"'J in tenns virulence (de Menezes, Queiroz et a1. 2004). 

addition the at our exclude concurrent infections that 

may independently 

These ,,++,.,..1'e> 

immunology of T. 

an IL-12 

although untlestect, 

Th 1 response 

impetus for 

for 

investigation 

using T. concluded that a humoral response to 

mrectlon was not SUlnClem to account observed host (Queiroz, et 

2001). This doctoral thesis provides .... "' ... '"'''' which a Th 1 is 

for host rp(l'l(lt'r:lnr'p Interferon-y deficient mice were to have 

compared to type mice. necrosis deficient mice displayed 

adapter .uv."'''' .... ''' 88, which is to playa role 

initiation by J.u'"' .... "'"J.!". 1 cytokines displayed ""PHPYO'" 

increased susceptibility to T. evansi Furthennore, 

decreased host in tenns of parasitemia control Additionally, 

u,"""""".u mice undergo immunoglobulin isotype switching from to JgG 

1994). that immune 

other than immunoglobulins are resistance. 

Furthennore, production was noted in T. infected wild 

13 gene "',",'LJ."""'J.U mice a role for inducing can be 

PV"I1U'Pri as a "'''1':>",-J.1'''''' to infection. In conclusion, IL-12p70 but not the 

12p80 hornodllffiier or IL-23 was to be optimal to T. 
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Chapter III Interleukin-12 is necessary for resistance to T evansi 

evansi infection in tenns of mortality and parasitemia controL The resistance attributed to 

IL-12 was mediated through IFN-,¥, the production of which was significantly decreased 

in the absence of IL-12. 
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Chapter III Interleukin-12 is necessary (or resistance to T. evansi 
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IV 

The role of IL-12 and associated cytokines 

infection 

resistance to congoiense 

To determine the 

infections, IL-l 

latter strains lack all 

homodimers and 

family 

and IL-12p3S-I-/p40-l- mice were 

IL-12p3S-I­

Comp,are:d to wild type mice, all infected 

T. 

two 

"''''J'''''''''U' mouse 

strains showed 

production in IL-12 "",,",J.'''''''''' 

while parasitemia levels were Interferon-y 

was strikingly reduced during the acute and chronic 

infection with significantly reduced chronic 

damage, demonstrated by histological analysis and plasma 

contrast, 

results 

prOiQw:::tlC)n was not affected by the absence 

.;:;v.""u.,,,, infections, the absence 

l2p80 nonlOOlmer to a reduction 

hepatic survival 

negatively auectmg raslterma control. 

measurements. In 

these 

but not the IL-

which reduces 

IL-lO without 

Default were not found in the aDs;em~e l2p80 homodimer or 

IL-13, did not affect survivaL 

"'".,,,,""',,,,.., to T. congolense, 

... ""'u ... ~ .... signaling pathway. 

-;;:IUvv"UI". pro-inflammatory response, 

IL-23 and the deletion of these cytokines, namely IL-4 

The MyD88 was found to be essc~ntlal 

but was maept:ma,ent of IL-18, which shares the same 

conclusion study demonstrates that an 

mediated by IL-12, results in liver V'U,UV.lV .",aUUJl"" to premature death T. 

1 
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INTRODUCTION 

General background on T. cOllgolellse infections 

Trypanosomes are unicellular eukaryotic that replicate freely in the bloodstream 

of the mammalian both (sleeping caused 

T. brucei animals (Nagana) of which T. congolense is most important. In 

contrast to T. b. and T. T. congolense is strictly an blood 

parasite (Ojok, Kaeufer-Weiss et al. 2002). Thus, due to continued exposure to the 

host's and co-evolved mechanisms to 

regulate and escape the host's immune responses. mechanisms exist which 

most whereby the coat of 

surface glycoprotein (VSG) (Rovis, Barbet et 1978) is regularly 

replaced, continually evading host's immune (Richards, et 

1981). Cumulative evidence to date shows in T. congolense infection an 

antibody and a cellular response are an immune 

response. Due to extracellular nature T. congolense parasites, humoral branch 

the is dominant, by B-cell with 

,,",vaU:;Ll IgM levels both bovine and murine (Hudson, Byner et al. 1976) 

Mehlitz (Morrison, et al. 1978) (Ellis, Scott et 1987). 

Tolerance to infection with cOllgolellse 

Trypanosoma congolense, a parasite exclusively occurring sub Saharan causes 

severe wasting cattle draft animals thus an economic burden 

poor areas. Immunology T. congolense studied and 

laboratory mouse models. Of interest is the ability certain bovine SPt~CH~S to display 

little or no symptoms of u .... ...,,,, •• ,,,.u (Murray, Morrison et aL 1982). Diverse mortality rates 

found H"' .. ,"' .... t murine models trypanosusceptible BALB/c 

. surviving a days compared to trypanotolerant C57BLl6 mice which are able to 
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months Namangala et al. 2001). rapid mortality of 

BALB/C attributed to SYS1LemiC lDtlalnmatolry re:S1)Olflse syndrome (SIRS) 

IS 11.1"''''1''''''''' by pro-inflammatory cytokines after 7-9 

infection et at 

Cytokine responses mouse strains infected with T. congo/ense 

a gene C57BLl6 Magez et aI., 2006 

illustrated for a Thl response for to T. 

Major histocompatibility class-II deficient T. congolense mlc;ctt:O 

were in IFN-y production indicating the necessity for this molecule 

(Magez, Radwanska et aL 2006). IFN-y and TNF was necessary for 

upregulation iNOS, which is required survival parasitemia control 

Radwanska et 2006). T. congolense infected IFN-yR deficient 

demonstrated the for IFN-y signaling resistance in C57BLl6 (Magez, 

Radwanska et at 2006). However, 

overproduction occurred during 

......... ' ... "'uu ... et al. 1998). 

Infections the IL 1180 T. 

mICe was a susceptibility as 

1 st parasitemia peak resulting in mortality 

clone CMcnu.'" that was necessary 

(Iraqi, Sekikawa et 2001) and parasItemIa et 2002). 

Furthermore, macrophage and neutrophil derived soluble specifically was 

required parasitemia control by the trypanolytic of NO in 

liver 'Ha,,,,...,£.. Radwanska et 2007). 

The IL-IO in T. congolense been to be to limit 

the proinflammatory response (Guilliams, Oldenhove et al. 2007) was 

mo'uce focal liver when are with 10 receptor (Shi, 

Pan et 2003). In these treated mice, acute death was associated significantly 

enhanced plasma ofIL-lO, IFN-y, and 12p40 to controls. 
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Antibody responses in inbred mouse strains infected with 

opsonized rpanlosomes by mac:ropnages 

was mediated by both IgM and 

rapid release of cytokines including 

anti-VSG IgG responses were rI""t''''' ......... 

of IgM (Magez, Radwanska et aL 2006). 

the fmding that the IgG isotype induced slgnmcarmy 

IgM mediated phagocytosis (Kaushik, 

trypanotolerant and trypanosusceptible mouse 

followed 

be due to 

to 

production, which responses in trypanotolerant mice 

induces the associated B-cell ,-,,,,,,,LA",,, ... ", ..... ".uu>. et aI. 1999) Holmes 

et al. 1990). 
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AIMS 

a Thl irmnune response, driven by 12, was to be important for resistance 

during T. b. brucei and T. evansi infections, were to investigate 

""rt1"""''''' the role of other cytokines and role of IL-12 in T. congolense l111''''''.lV''''. 

"~ll.U""' .• "" related factors which may act in concert 

aelClClem mice. 

were investigated using 

(Refer to Material & Methods seCltion Chapter II) 
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RESULTS 

Interieukin-12p3S-I-/p40-1
-, IL-12p40-1

- IL-12p3S-I
- mice infected with T. 

congolense display enhanced survival compared to wild type 

times IL-12p40, 12p35/p40 

and IL-l respectively. Onset of mortality began at "UU,H<U time 

However, the rate of death 

deltlclent mice was compared to wild controls. Furthermore, no differences were 

observed the chain or both in IL- mice. 

results suggest that IL-12p70 is the major host susceptibility and 

IL-23 and 12p80 does not a crucial in T. 

infection. 
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-6-IL-12p40-1-

- 100 ca -<>-IL-1 
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FIGURE 1. Interleukin-12 oeficlency results in increased resistance to infection with T. congolense. 

Mortality 

C57BU6 

for 

IL-12p35-;-

of T. infected wild C57BU6 C57BU6 (0), 

and C57BU6 IL-12p3y /- (0) mice are shown from three indlt':pellldelr1t pooled 

Infectious dose was lxl03 trypanosomes per mouse delivered intraperitoneally. Mice were 

monitored for survival. The mean survival time was; 97 for wild type (n=36), 155 

(P < 0.0001), 163 days for (P < 0.0001) and ]50 days for 

< 0.0001) mice. Statistical SII!lllIH;am;e was determined by the Kaplan-Meier tog,eth<~r 

with rank test for mortality and afe presented as P<O.OOL 
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Parasitemia control and the development of anemia are 

and IL-12p80 homodimer in T. (;w'u!t'lel'lse lnlecllOlI. 

eDf~nQleD1: of IL-12p70, 

to detennine a IL-12p70 (P35/p40), 

12p80 homodimer during T. congolense, C57BLl6 

or both p35 and p40 genes were and subsequent 

(p19/p40) and IL­

deficient in either 

"' ... JlU'-'U and anemia 

monitored. No significant were found between dlttereltlt strains of IL-12 

U'"",iv ....... and wild type and 2nd parasitemia the 

that as 

to the emlmraS~C:U1aI e:nQ(ltn,elHlm. the 

subsequent waves of parasitemia until (Figure 2A). It .:>"u'un .. 

T. COJ'H!lJteJ'1Se is an intra-vascular ~<ua.,:w.", 

cOilcentr.atlC)[l of the parasites may be up to one higher than 

major blood 

rapidly during the 1st 

Roelants et a1. 1978). 

infection, coinciding with 

peak, followed by a lower rate of decrease thereafter (Figure 

"",.HAll« between wild type 

onset of anemia 

parasitemic 

significant 

the rate of onset or extent 

mice were found. Lastly, no dltter'enlc:es red blood cell concentrations were 

hph,uP~'n UJtlmtected wild type 

de]nOltlstlrat€~d that control 

acute and I'tlt· ... n"I' 

(Figure 2B 

fH)lem.e blood parasite 

12p70, IL-23 or 

as the 

12p80 
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-D-IL-12p35-1-/p40+ 

-6-IL-1 
......o-IL-1 

1 

• 100 

FIGURE 2. Deletion of IL-12 has no slgmtlcruot effect on the extent of 1'Q",(t;:Ulv,j,UQ, or anemia in T 

cn~!!7n,r"'rJ}~'" infection. Parasitemia (A) and anemia (B) of T congoiense infected wild type (_), IL-

12p35·1'/p40..f· IL-12p40..f· and mice are shown from two mdep!mdent pooled 

experiments. Infectious dose was Ixl03 tNoanIOS()mlas per mouse. Mice were monitored for "".""c.t", burden 

and anemia from peripheral blood obtained from tail snips (10 individual mice per with 

a lower detection limit of: 4.0xl05 (dotted and 1.6xl07 RBC/ml (not HJ<.l"'''',L\;;U 

respectively. Portions of the entire parasitemia and anemia profiles are including 2 to 17 and 

55 to I 06 for and 0 to 106 for anemia. Inset in (B) indicates no significant differences in red 

blood cell concentrations between uninfected wild type, IL-12p35-1'/p40·1., 

mice. Statistical tests between wild type and IL-12 deficient mice for both and 

anemia were determined at individual time (±SEM) by one-way ANOV A with Dunnett as the post 

test and nrl',"1At1it",lI as; *, P < 0.05 P<O.Ol ***,P<O.OOI. 
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Chapter IV Interleukin-12 is a susceptibility (actor in T congolense 

Intedeukin-12p70 is necessary for optimal production of IFN-y during the initial 

parasitemic peak and during the chronic stage of T. congolense infection. 

In both T b. brucei and T evansi infection of IL-12 deficient mice, a reduction in IFN-y 

responses were found compared to those of wild type mice. Tumor necrosis factor was 

moderately lower in T evansi infected IL-12 mutant mice but significantly decreased in 

T b. brucei compared to their respective controls. Therefore, with survival and 

parasitemia control dependant on the expression of both TNF and IFN -y (Magez, 

Radwanska et a1. 2006) (Iraqi, Sekikawa et a1. 2001) in T congolense infections; plasma 

cytokine levels were determined at the 15t parasitemia peak at day 7, at day 28, and during 

the chronic stage, at day 105 post infection (Figure 3). Infection induced strong systemic 

IFN -y and TNF production in wild type mice at the 1 st peak and at day 105 post infection 

(Figure 3A and B). However, Trypanosoma congolense infection in IL-12 mutant mice 

resulted in severely impaired IFN-y responses during 15t peak (P < 0.05) and at day 105 

post infection (P < 0.05) (Figure 3A). Tumor necrosis factor responses were found to be 

variable between the different IL-12 deficient mouse strains and tended to be slightly 

lower than wild type mice at all time points investigated (Figure 3B). At day 28 post 

infection IFN-y plasma levels were markedly reduced and similar between wild type 

control and IL-12 mutant strains. These results suggested that during T congolense 

infection, optimal IFN-y and to a moderate extent TNF production, during the 15t 

parasitemic peak was dependent on IL-12p70. However, decreased levels of IFN-y and 

TNF production could be independently induced from signal transduction via both or 

either p35 or p40 subunits. Similarly IL-12p70 dependant IFN-y production was shown at 

day 105 post infection. However, TNF production was clearly independent of p35 and 

p40 at this stage of infection. Furthermore a strong suppression of inflammatory 

cytokines occurred at day 28 post infection that was independent of IL-12p70, IL-23 or 

the IL-12p80 homodimer expression. 
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FIGURE 3. Interleukin-12 is necessary for an optimal IFN-y response during the parasitemic as 

well as the chronic in mice infected with T. congolense. Interferon-y (A) and TNF 

levels were measured ELISA in CS7BLl6 wild type (Black bars), CS7BLl6 

CS7BLl6 (Diagonally striped bars) and CS7BLl6 IL-12p3S-I
- (Hatched bars) mice infected 

with T. COI1!$!o/'ens'e. Time were; day 7 (l sl parasitemic peak), day 28 and day lOS 

infection. Data eXJ;lressed as means (±SEM) from 2-3 individual mice, showing one 

of two md,epelrldeltlt Detection limit for both and TNF assays was 

Statistical slgll1n«~am~e between T. COl1gO.len.~e infected C57BLl6 wild type and JL-12 deficient mice was 

detennined untJair,;xi Student's t-test and are indicated *, P < P < 0.01. nd: not detected. 
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Chapter IV Interleukin-12 is a susceptibility {actor in T congolense 

Interleukin-12 deficient mice display similar responses to wild type mice in terms of 

IL-I0 cytokine production during T. congolense infection. 

Studies have shown that IL-IO is a key protective factor in T congolense infection 

(Guilliams, Oldenhove et al. 2007). Plasma levels of IL-IO, although variable, were 

similar in both wild type and IL-12 deficient mice at day 28 and day 105 post infection 

(Figure 4). These results parallel other studies that showed that IL-lO was strongly up­

regulated during infection, suggesting that production remains sustained during the late 

chronic stage. Since IL-12 deficient mice were able to survive and clear the initial 

parasitemic peak, IL-IO levels were not measured at day 7 post infection. The results in 

combination with the IFN-y data demonstrated a reduced pro-inflammatory response 

during the chronic stages of infection in IL-12 deficient mice as compared to wild type 

mice infected with T congolense. 

Interleukin-12 plasma levels were also measured at all three time-points in wild type and 

IL-12 deficient mice, however no detectable levels were found (data not shown). 
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FIGURE 4. Interleukin-12 deficient mice comparable IL-IO responses compared to wild type 

mice infected with T. congolense. Interleukin-lO plasma levels were measured by ELISA in C57BLl6 wild 

type bars), C57BLl6 JL.12p3S'/'!p40'/' (White bars), CS7BLl6 (Diagonally 

and CS7BLl6 IL-12p3Y/- (Hatched mice infected with T. Time points analyzed were; day 

28 and day 105 post infection. For JL.1O levels, data were eXl'lressed as means '~U'L.<n"l from 2-3 

',,"nUl""" one r ..... ·r .. <lp·nt"·I'i"" experiment of two independent experiments. Detection limit individual 

for JL.1O was ,."'*,~l~~' Statistical an"N"""!'P between T. COI1!!!OI'ens infected CS7BLl6 wild and IL-

12 deficient mice was determined by Ul11-'<UHOU Student's t-test not det(~cted) 
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Interleukin-12 deficient mice do not ..... ~ ........ ,,_, a default cVl:oKlme response during 

T. : .. " .... ILI':' ..... I': infection. 

deficient mice, in infectious disease been found to 

a default Th2 cytokine (Mattner, Magram et 1996) (Lehmann, 

) (Decken, et a1. 1998). Together, conflicting reports as 

to the in infection with T. brncei Jansson et 

1996) Inoue et a1. 1999) Filutowicz et a1. it was necessary to 

role of this in T. congolense 

deficient mouse groups at each time point, were highly variable h"" .. 'l"""' ..... 

eXf)enmems but did not un ... ..., .. ' • .., a trend of 1n .. rp~QPrl or decreased 

vV1UIJ'''-' vU to wild type mice (data not shown). 

The data was pooled in to out a increasing the number 

of group (Figure pooled data more showed 

were not increased deficient mice. levels 

showed an decrease at day 28 infection as compared to 

which was not seen in the individual The pooled 

experiments with plasma levels up-regulated 

to three investigated. 

survival of IL-12 mice cannot to increased 

production potentially a response. was not to 

production T. congolense infection. 
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Interleukin-12 deficiency does not result in a default Th2 ",vr • ..,IOtlf' response in mice infected 

with T. to wild type mice. Interleukin-4 levels were measured by ELISA in 

C57BU6 wild bars), C57BU6 bars), C57BU6 IL-12p40-1-

and C57BU6 IL-12p35-1- mice infected with T. congolense. Time 

were; 7 105 post infection. Graphed IL-4 data 

was pooled from three independent in wild or IL-12 deficient groups of 

between 4 and 8 mice. Detection limit for IIA was Statistical slgnlIllCaIlCe between T. congolense 

infected C57BU6 wild type and IL-12 deficient mice was determined Student's t-test 
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Interleukin-12 deficiency not UUU"'A""'" antibody res:ponS4~S during the acute 

and chronic stages congolense infection. 

Humoral responSt:s against lllIect:lon with T congolense has shown to be ne'~essaI'V 

of antibodies 

et 2006). However, exact antibody or 

resistance determined. 

peak connpared to 

the other ... ", .. ",u .. ",u rouu~:nout the acute of 

wild type C01!ltf()1 12 ae]]Cl,em mice were 

found. Although splenectomized mice different genetic backgrounds showed varying 

degrees of to with this (Morrison, Roelants et 

mice nUl"'''''''"'''' IgG2a/3 responses were and were unable to control T 

HH&/<.'-'£.. Radwanska et al. 2006). Immunoglobulin was found 

to playa role in opsonization of parasites by macrophages Wei et al. 2004) and in 

£'V~jlUa., Kaushik et compared to LJr'LJ~JI 

(measured anti-mouse deficient mice was 

similar as compared to wild type mice the acute chronic infection 

(Figure Immunoglobulin were found to increased at post 

infection in both deficient wild type Immunoglobulin G2b 

were similar np~,up.'n ael[lCl,em mice at all time points 

studied reSiDOnS(!S were at days 105 

compared to day 7 post un" • .."",,, (Figure 7 A). slightly IgG 1 reSl00I1lSeS In 

deficient were variable amon:gs{ the dltter,ent gene deficient groups, and 

",U1UU ,,,,,U to v"'."',,., .... growth p~1"~n(·p cycles .,rn ........ the hosts ... ""'u .. ,~"'u levels 

IgG3 at day post infection were found to similar to found at 7 (Figure 

7B). the pattern the IgG3 response followed an 1Tn,' .. r., .. response to 

pro-inflammatory production. 

Overall, in the aDs:em;e of IL-12 compensatory mechanisms 

which "''''''CUi"" ertecllve antibody T. 
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FIGURE 6. IgG2c and responses are similar in IL-12 gene deficient mice 

control mice. and antibody titers from T. 

cOnflottmSe infected C57BU6 wild type (_), C57BU6 IL-12p35'" (0), C57BU6 and 

C57BU6 IL-I (D) mice are shown. First peak (Day 7), peak (Day 28) and chronic 

(Day 105) 

controls (0). Data 

antibody titers from infected mice are repiresented. Pre-immune serum was used as 

represent mean and ±SEM from plasma of 3 and are repreS(~ntIJLti of two 

independent ext:tenmeltlts. Statistical "11'.111UI.«UI.'- tests between wild type and IL-12 deficient mouse groups 

was determined Student's t-test. 
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FIGURE 7. The immunoglobulin; IgG3, shows a trend of an inverse response when compared to pro­

inflammatory production. A) IgGl and B) IgG3 plasma antibody titers from T. congolense 

infected C57BL/6 wild (.), C57BL/6 IL-12p35'I' (<», C57BLl6 (~) and C57BLl6 IL-

~"~"J~'~ points are illustrated; first (Day 7), post 2nd peak (Day 

28) and chronic 105) plasma antibody titers. Pre-immune serum was used as controls (O). Data 

points rep,resent mean and ±SEM from plasma of 3 

signiiJlCallCe tests between wild Statistical 

determined by Student's t-test. 

and are representatb/e of two independent 

and IL-12 deficient mouse groups was 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Inducible oxide is present " ........... but is "" ... ".,,. ... liver of 

.... "' ....... '" .... mice in the acute response. 

Nitric which is by IFN-yactivated iNOS (Brombacher, et al. 

2003), is an essential component of the hosts' response "'0'.""':" 

Uzonna et 1999) (Magez, Radwanska et a1. 2006) (Magez, 

Radwanska et a1. role of the IS survival parasitemia 

control as shown in nu,.v ... , ... splenectomized mice (Magez, Radwanska et 2006). 

Furthermore the liver been shown to actively phagocytose 

trypanosomes an antibody manner 1 sl parasitemic peak (Shi, Wei 

et 2 deficient displayed resistance the 1 st 

parasitemic 

role in survival 

production of iNOS in both spleen and was evaluated, its 

parasitemia """ .. f-.. ,-.I 

IL-12 mouse displayed iNOS production 

compared to wild type mice at day 105 post mt,ectilon (Figure 10), but most notably at day 

7 post liver sectlOIlS day infection, however both 

type and IL-12 ... '"' •.• "'."'". groups similarly decreased iNOS production (Figure 

9). production in wild mice 7 and 105 

and IL-12 <1eltlclent mice (day 105 post was associated with isolated infiltrating 

inflammatory cells, but was concentrated localized areas associated mostly 

inflammatory cell which were in the case IL-12 mice 

not shown). 

Increased 1 b stained were found in wild 

lower amounts found in at days 7 and 105 post infection 

mt,ectlon the expression of cdIIb was mostly absent 

from both mIce 9). The patches 

of iNOS m type mice co-localized mainly with large conglomerates of cdllb 

positive cells at day 7 post infection 8). in IL-12 mice, 

1 
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fewer and "U1 ... Ui' ........ lU"' .. ' .... of cdllb were ~~~-.. ~~.J negative production at 

day 7 post 

In spleen 

12 

slightly lower but variable iNOS production was detected in IL-

compared to wild 

Inducible nitric 

mice at both days 7 and 

Y'"U''''''' production in 

post infection 

deficient was distributed n ........... ""' .... Dal:cn4~S within 

and IL-12 

but with the 

greatest CO]llct:murau.on occurring at 

production was present within 

groups "' .... · .. u"" .... 

white 

pulp compared to 

lower 

pulp in all mouse 

lVlalCr()pnag(~s mu",,",u with T. r,,,nTn,on in vitro were 

NO, 

1999). 

were 

was 

cdl 

pre:selll..:e of IFN-y 

infection (Figures 11 12). distribution palttern 

same as for iNOS with localized patches within the 

occurring at the of the white and Very low nUTInbers 

were present within the white pulp to the red pulp in all 

production and cdl infiltrating cells were not 

ob1tauled for spleen tissue at infection. 

results demonstrated that 2p70 was the up-regulation 

production liver tissue the acute disease, but that 2p70 

iNOS production occurred later chronic stages of T. 

production in spleen was largely independent 

and acute stage of the may ensure survival 12 
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iNOS cd11b iNOS & cd11b 
prCIOUICtiC)fl in liver sections is on IL-12 production during 

the acute of T. congolense infection. Representative images of frozen liver sections double stained 
with mAb against iNOS and cdllb are shown, with of both 
Inf(~cted; C57BLl6 wild type, C57BLl6 , C57BLl6 and C57BLl6 
mice at 7 post infection are shown. Areas of inflammatory cell 
pf(>ducu()n are depicted. (Magnification 400x). 
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iNOS cd11b iNOS & cd11b 
,,,,.,prpIV decreased iNOS production in liver sections at 

and IL-12 deficient mice T. infection. R"."r""U·nl,,,ti'lI'" images of frozen liver 
sections double stained with mAb against iNOS and cdllb (red) are shown, together an 

of both C57BU6 wHd C57BU6 , C57BU6 and 
C57BU6 cell infiltration 
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Chapter IV 

in 
M 
c.. 

("II 
'l""" • ..J 

Interleukin-12 is a susceptibility (actor in T. congolense 

iNOS cd11b iNOS & cd11b 
FIGURE 10. Inducible nitric oxide production in liver is slightly reduced in IL-12 deficient and wild 
type mice during the chronic stage of T. congoiense infection. Representative images of frozen liver 
sections double stained with mAb against iNOS (green) and cdIIh (red) are shown, together with an 
overlay of both stains. Infected; C57BLl6 wild type, C57BLl6 lL-12p35-t-/p40-t-, C57BLl6 lL-12p40-t- and 
C57BLl6 lL-12p35,I, mice at day 105 post infection are shown. Areas of inflammatory cell infiltration 
together with iNOS production are depicted. (Magnification of images: 200x). 
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cd11b iNOS & cd11b 
Inducible nitric oxide (iNOS) production in spleen is independent of IL-12 the 

of T. infection. Representative images of frozen spleen sections double stained with 
iNOS and cdllb (red) are shown, together with an overlay of both 

wild C57BLl6 IL-12p3yl"lp40-1
-, C57BLl6 IL-12p40·1- and C57BLl6 II r. "'''_3.1 

7 post infection are shown. White pulp (WP) and red pulp (RP) are illustrated. Areas of nnlimlnatory 
infiltration with iNOS production are depicted. (Magnification of images: 200x). 
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iNOS cd11b iNOS & cd1"lb 
prciQU'CtJC)O in is present in both IL-12 deficient and wild type 

mice during the chronic C01UlOten.ye infection. Representative images of frozen spleen sections 
double stained with mAb and cdIIb are shown, together with an overlay of both 
stains. Infected; C57BU6 wild , C57BU6 IL-12p40'/' and C57BU6 IL-
12p35'" mice at 105 infection are shown. White (WP) and red pulp (RP) are iI1ustrated. Areas 
of inflammatory cell with iNOS prc)Quctu)n are depicted. (Magnification of 
200x). 

161 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Interleukin-12 gene deficient mice display reduced liver pathology compared to wild 

type controls during chronic stage of congoiense infection. 

Liver have been to be a hallmark of T. 

congolense infections wild type laboratory mice (Morrison, Murray et 1982), rats 

Nwosu 1997) and (Naylor 1971) (Valli, et a1. 1978). 

Attention was focused onto liver as this organ is to be a major 

manOS'OlIle clearance (Holmes, MacAskill et a1. 1979) (Shi, Wei et a1. (Shi, Wei 

et 2004) in a NO dependant manner (Magez, Radwanska et al. 2007). It has been 

tryPaJl05ionles are by .1."-"'1./1.1.''-'1. 

mediated by both IgM and monoclonal antibodies specific with a 

orrestlOndlI1lg mcrease production IL-12p40 other prOHnllaJrnrrlat()ry cytokines 

Wei et 2004). 

In addition, the cytokines localized in liver are implicated induction 

infection-associated (Shi, et a1. 2003) (Stijlemans, et a1. 

with apoptosis of cells at the acute stage 

mIce Wei et 2005) and eventually stage m 

Yagi et 2004) (Guilliams, Oldenhove et a1. 2007). As 

infection in 

mice 

gene deficient 

displayed "'1.Ui .... >'",",''' survival compared to wild type the extent of the v""uV>VF,'''''''' 

was assessed in liver during the course of infection. 

days 7, 

of 

and 1 05 post pathological lesions liver were noted all 

studied increasing with progression disease. the 

acute flolemle lIlre<~tl(Jln (Day 7 post infection) no in pathology 

was ,.,."',,"' ..... ,1'>,., hl'>..,.~ll'>'." wild type mouse not shown). 

day 28 post infection, a slight liver v ..... uv.nJE, deficient 

mouse groups compared to wild type rrrnll.'''' was to become apparent, but no 

dltter'en,::es h""f,"u>& .... IL-12 mouse were found 13). Here, 

deficient mouse groups displayed slightly "u.u.t .... and fewer mononuclear cellular 
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infiltrates compared to wild Furthermore, mononuclear cellular 

infiltrates were observed in the smuS(UQ;al "'''''''t',,.,, of 

wild type 

compared to 

during the chronic of infection (Day 105 post infection), liver sections 

ael[ICl,em mice strikingly reduced compared to wild type 

mIce 

smaller 

Both 

14). Liver displayed significantly 

focal mClnonw;ae,n ""..,U •• HU HUlll ... " .. "'''' cOl1npared to wild type 

deficient and wild 

cell infiltrates 

had similar "''''L .......... 

of activated 

compositions 

with 

present in the 

deficient mice. 

IDV,l104;;V1j;S and neutrophils. Subcapsular hemorrhagic ;,..,t""r,..f·;n,.., 

were in certain wild type mice but not in 

deficient mice as as in wild type .. nu ... ""J .... L..... "'~la"";;,,, were 

n","XlP'"'''' mononuclear cell in these areas was Ul",'"lU", reduced in 

compared to wild All 

reduction of pathological compared to wild 

as well as less severely liver structure 'vVl.UIJ<U 

regardless 

to wild type 

,,",u,,,"u.-12p70 was In in the liver, 

more significant chronic stages of T. '"'u".""""",,, .. '" infection. 

12 
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40x 200x 

FIGURE 13. Interleukin-12 deficiency results in slightly decreased liver pathology compared to wild 
type mice at 28 post infection. Representative of liver sections stained with hematoxylin and 
eosin (H&E) are shown of infected CS7BLl6 wild type, CS7BLl6 IL-12p3S';'/p40'/', CS7BLl6 IL-12p40'/' 
and CS7BLl6 IL-12p3S.J· mice at day 28 infection. Arrowheads indicate of cell 
foci. {Magnification 40x and 
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40x 200x 
14. Interleukin-12 results in decreased liver to wild type mice 

105 post infection. of liver sections stained with hematoxylin and eosin 
are shown of infected C57BLl6 wild type, C57BLl6 , C57BLl6 llA2p40-1- and 

C57BLl6 IL-12p35-1
- mice at day 105 infection. Arrowheads indicate of inflammatory cell foci 

and the line denotes a region of an at the bottom left. (Magnification 40x and 200x). 
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Interleukin-12 gene deficient mice display decreased infection related hepatocellular 

damage as measured liver compared to wild type mice at the 

stage of infection. 

Im)em~UK:m-12 deficient displayed 

controls at day 105 post infection 

liver hIstolliattll01(H~ 

a slight trend p1n,pr011t'1 

compared to 

at day 

infection, Studies have found that in the month of T. infection, liver 

been to be marginal wild type C57BLl6 with little 

serum (Guilliams, Oldenhove et a1. 2007), however late 

or levels not been 

aminotransferase (AST) is present in parenchyma and the a-

groups from acid to a-ketoglutaric acid to yield glutamic 

VA''''"'",,,,,,,,, acid. of AST plasma is a for acute liver ~~'''~E'~ 

to 2 deficient levels of 

hepatocellular ,-,,,,,,",,noEl,"'" All IL-12 aeILclent 

wild type cornnBlrea 

the extent of 

had """l5uU""'"'''''J reduced 

mice (P < 0.05) at day 105 post mH:~cn(m (Figure 1 

with the 

significant 

results found liver (Figure 14) at day 

,H'_p,n,.., .. , were noted "".,rUl'·"'" uninfected 

mice and "'U"U"U'J 28 

results give ,v-v, .. ..,v that IL-12 

in T. congolen'le infection that towards the end of infection m 

in turn may cause mortality . 

t\l1<)lm~r liver namely; .. , .... u.,.... a1tnHlOlJran"'!-"'1""'C'''' (AL T) levels were also 

measured, however possibly due to prclce~;SlIltg were uu .. 'VU'''''U.''' 

(data not shown). of lipopolysaccharides (LPS) ......... rwh"rt to be increased during 

trypanosome lin,",v.""",",,, and possibly 

(Pentreath were 

uninfected controls were measulfe<l 

type mice (data not shown). 

",,,,,,uUl!:;'" (Alafiatayo, et a1. 

However 

both 

not higher than the 

12 deficient wild 

166 



Univ
ers

ity
 of

 C
ap

e T
ow

n

2 

............ 1 
I­
(fJ 
II( * 

50 

Days post infection 

15. Mice deficient in IL-12 have significantly decreased aspartate aminotransferase (AST) 

levels infection with T. to wild mice during the chronic stage of 

infection. aminotransferase plasma levels were measured in wild type (Filled IL-12p35-/-

1p40-/- (Open bars), IL-12p40-/- bars) and (Hatched bars) mice infected with T. 

COl~J!o'te1i!se. Asparate "rninn,tr!>ndpr!> 

colorimetric reaction reSUlting from its 

an indicator of heJ)at<)Ce.llulal "aUj'''5''', were determined 

activity. Non-infected controls and infected mice at 

the 

28 and 1 05 infection were measured for AST plasma levels. Data are from two independent 

and as means (±SEM) from 2-3 individual mice. Detection limit for AST was 6 

UIL. Statistical between infected wild type and IL-12 deficient mice was determined by 

... HI,., ... ""'" Student's t-test and are indicated *, P < 0.05. nd: not detected. 
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Both IL-12 gene deficient and wild type mouse display a similar extent of 

pathology in the spleen during the course of congolense infection. 

role for the spleen in 

uncontrolled parasitemia and 

(Magez, Radwanska et aL 2006). 

trypanosome IgGs as 

not fully examined. 

as IFN-y, 

common 

congo/ense, is polyclonal B 

increased immunoglobulin 

lymphocyte activation is induced by 

Murray et at 1973) (Greenwood 

been suggested to be the 

erythrophagocytosis (Brown and 

spleen in resistance was also ex,nnmed. 

have a more detrimental effect in 

C57BLl61 mice (Morrison, Roelants et 

spleen in T. congolense infection, the 

induction of pathology. 

During the progression of T. 

mouse groups "A ... UJL11"' .... , SIJlenolnegal was 

has reported, 

source of anti­

VDalno~)onle IgGs was 

including T. 

"'1.J'~'w"H "UIH"J.UU1Jt, with 

(Urquhart, 

spleen has also 

trvoaIlOSOIIte PJna~~OCY1C'SlS as well as 

1991). The role of the 

"' .. ""UA.:> and found to 

mice compared to more resistant 

the essential role of the 

IL-12 was investigated in terms of the 

both wild type and IL-12 deficient 

(data not shown). This was also 

demonstrated in mouse strains where a 20-fold increase in splenic weight 

was l",,",vn,,.,u. 

lesions were 

progression of \,U",,,a,,,, 

infection no dltterenl~es 

deficient mouse "' .. """ .... " 

germinal centers was 

et 1981). At day 7 and 28 post infection pathological 

and IL-12 deficient mice but together with the 

lJec:aIIle more marked. At both day 7 and 28 

pa"UVIV~;l"";U ",,,;;',,JU.;> were found between 2 

and wild type mice. A lack 

all mouse or"" .... " 
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Chapter IV Interleukin-12 is a susceptibility (actor in T. congolense 

At day 105 post infection (Figure 17) the extent of the pathological lesions were greatest 

compared to days 7 and 28 post infection (Figure 16) but with similar characteristics. 

Overall splenic structure was disrupted in all mouse groups studied. The spleen white 

pulp follicles from infected wild type and IL-12 deficient mice showed marked 

lymphocyte depletion and disorganization. Wild type mice displayed only a moderately 

increased mononuclear cell infiltrate and tissue structure disruption of the red pulp region 

compared to IL-12 gene deficient mice. Therefore IL-12 seems not to playa major role in 

the induction of pathological lesions in the spleen. 
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16. Both IL-12 deficient and wild type mice display similar splenic pathology at 28 post 

infection with T. congolense. of spleen sections stained with hematoxylin and eosin 
(H&E) are shown of infected C57BU6 wild C57BU6 IL-12p3Y'-/p40-1

-, C57BL/6 IL-12p40-1
- and 

C57BU6 day 28 infection. WP and RP denote white pulp and red pulp, 

"'"''5''''' 40x and 
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FIGURE 17. Interleukin-12 results in slightly decreased splenic to wild 
type mice at lOS infection, of spleen sections stained with and 
eosin (H&E) are shown of infected CS7BLl6 wild type, CS7BLl6 IL-12p3S-I'/p40·1., C57BLl6 IL-12p40·1• 
and C57BU6 IL-12p3S·I . mice at lOS post infection. WP and RP denote white pulp and red pulp, 
respectively. (Magnification of 40x and 200x). 
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Interleukin-4 IL-4Ra do not a role survival in T. congolense infections. 

of and IL-4Ra have previously mv'esllga(ea in BALB/c 

found not to playa role in survival these mice (Noel, Hassanzadeh et 2002). 

and nul·PH ..... in BALB/C survival is limited to 1 st 

omits the chronic stage Therefore the role of IL-4 IL-13 was investigated 

in C57BU6 mice to determine, in IL- that 3 may iH.., ..... a,,,, 

protection. Furthermore the switch over from a principally type 1 cytokine environment 

of infection to a 2 the chronic of 

infection is associated with resistance to T. congolense (Baetselier, Namangala et al. 

2001), reports on the of in resistance to different 

Trypanosoma have (Bakhiet, Jansson et al. 1996) (Inoue, Inoue et 

al. 1999) Filutowicz et 1998). role IL-4 as well as 13, 

which is able to partially compensate certain functions IL-4 2000) 

(Muller, et 2007), was Although was a pilot study performed 

once, data indicate that IL-4 and IL-13 do not play a role in survival T. 

congolense infection with mean survival of wild type, IL-4 -1- and IL-4Ra-l- mice; 

1 140 and 140 days respectively. 

increased mean survival time wild type mice in 

18) was longer than that of the wild type mice in the 

OISCreOallCV was to 

paI'asllte rapidly looses animal facility as 

experiment (1 

12 experiment 

the 

after 

control and experimental mouse groups were either infected at same 

one the 

days) 

days) 

housed at the 

or rapidly 
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Chapter IV Interleukin-12 is a susceptibility (actor in T congolense 

100 "Wild Type C57BL/6 
-<>-IL-4-1-

80 {J-IL-4Ra-l-
........ 
«S 
> ..... 
2: 

60 :::s 
U) .... c 
(1) 

40 CJ .... 
(1) 

D.. 

20 

o 
o 50 100 150 200 250 

Days post infection 

FIGURE 18. Interleukin-4 and IL-4Ra (IL-4 and IL-13) do not playa pivotal role in survival during T. 

congolense infection. Mortality of T. congolense infected C57BLl6 wild type (_), C57BLl6 IL-4 ·1· (<» and 

C57BLl6 IL-4Ra-l
- (0) mice are shown. Mean survival time of wild type, IL-4-1

- and IL-4Ra-l
- mice are; 

137, 140 and 140 days respectively. Data are of 7-8 mice per group from one experiment. Statistical 

analysis of mortality was done using the Kaplan Meier Test. 
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88 is essential for survival in T. congolense infections. 

To signaling molecules relative to IL- in 

the activation the immune respOllse against trypanosomiasis, the role of MyD88 was 

investigated (Seki, Tsutsui et 2001) (Adachi, Tsutsui et al. 2001). Myeloid 

differentiation factor 88 independent activation pathways have 

found, with the inflammatory cytokines and the 

regulating a subset are also known to be IFN inducible 

(Kawai, Adachi et a1. 1999) et aI. 2001). Myeloid differentiation factor 

88 deficient mice have and found to be 

susceptible, displaying (Drennan, 

Stijlemans et a1. 2005). deficient mice 

compared to wild type to those of IL-12 

deficient mice sometime after the 2nd 

parasitemic peak. study are unlike T. b. brucei in 

that survival of parasitemic peak 

with a mean survival of 14 days compared to 1 the wild type mice. Myeloid 

differentiation factor 88 UvJll'-'iviH T. evansi (Chapter III, 

12A) studies however a "llUlUCU phenotype. Although parasitemia 

data was not obtained a blood smear of the MyD88 ael:1Clent prior to mortality 

showed greatly elevated parasite burden compared to controls (data not 

1 
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FIGURE 19. a pivotal role in survival during T. congolense infection. Mortality of T. 

congolense infected C57BL/6 wild (a) and C57BLl6 MyD88-1
- (D) mice are shown. Mean survival 

time of wild type and MyD88-1
- mice are; 134 and 14 days respectively. Data are of7 mice per group from 

one Statistical of was done the Kaplan Meier Test and are presented 

as; P< 0.001. 
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Preliminary ..... "' .. 11'''' ........ " ... IL-18 does not play a in survival, 

parasitemia and induction of anemia during congolense infection. 

severe compared to wild type control mice 

and more 

T. 

may clarify the involvement of 

AUA .... ..,.A.vU. Nevertheless, as IL-18 ael]Cllent 

mice die, it suggests that 

infection. 

loss of IL-18 
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-D-IL-1 Rrp-I-
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Days post infection 

..... C57B1/6 
-D-IL-1 Rrp-I-

post infection 

..... C57BV6 
-D-IL-1Rrp-l-

30 70 
Days post infection 

20. Interleukin-18 does not playa pivotal role in survival, 

i 

125 

and the induction of 

T. congolense infection. (A), parasi1:emla (B) and anemia (C) of T. 

congolense infected wild type (_) and IL-IRrp.J- (0) mice are shown. Parasitemia and RBC 

concentration was determined from peripheral blood obtained from tail with a lower detection limit 

8.0x105 and 1.6xl01 respectively. Data are the mean ,~~'~".~, 

from 5 individual mice from one 1"l/f'll"riml"'nt Statistical '''1;;11111' .... a1' .... ' ' tests on 1,""I;1;)"IOIUlO. and anemia 

between wild and IL-IRrp deficient mice was determined by Student's t-test and are nf'P,"I"T1lr,,1'1 as; *, P 

< 0.05. Statistical auo'l)'''''''' was done the Kaplan Meier Test 
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DISCUSSION 

~"'-L"'O of increased <" .. • ... ,n''> with similar v<u .. " ......... LU.. burden in 

12p40-1- and IL-12p3S-1-/p40·1• in comparison to type mice shows that 

1 but not IL-23 or 12p80 homodimer is detrimental during experimental 

Lu~""n.L'" T. congolense mlleCtllon. We may eliminate a role for the IL-12p80 nOlmoamCler 

and in T. congolense 

deficient 

12p3S-I-/p40·1- mice which 

al. 

1..,u,uu-12 is important 

differences were found between 

produce both IL-

the IL-12p40 • "'.,,"'-' ..... products (Brombacher, et 

a rapid activation IFN -y-producing cells order to 

n ..... ,tn ... tP protective Type 1 reSDOltlSes. Uj''-'H .. 'UU..''; T 1 differentiation classical 

Drc,aUc::no'n neCt~ss'lrv for macrO'Dh'lge activation. 

iNOS synthesis 

(Iraqi, '-' ... ". .• .,. ... 

induces both 

Brc)mt)aclner Kasteiein et 2003). Although 

et al. 2001) et al. 2004) or 

",,,,,,,,u'L,uof 

(Magez, 

nu"~n''''''"' et al. 2006) in early mortality and uncontrolled parasItemIa in T. 

infections, production IFN-y due to 12-independent 

pathways (Magram, et aL 1996) and late had no 

effects on paJraSJiteInta control or T. 12 

mice. Thus, 

''''TI'1I0;''''0 infection. 

dependent IFN-y production is dispensable during T. 

oxide and parasitemia control survival in T. 

congolense infection, is a highly effective effector both intra-

extracellular pathogens (Magez, Radwanska et al. 2006). deficient mouse 

infected 

due to 

T. congolense Dr(]~aw::ea residual iNOS, .v .......... :."''' in the spleen, 

pn;;:S\;;IlI..:t: of IFN-y. iNOS seemed 
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Chapter IV Interleukin-12 is a susceptibility factor in T. congolense 

to be sufficient for the control of parasitemia and survival, but the low levels did not 

induce drastic histopathology, especially in the liver. 

Nitric oxide production in T. congolense infection is induced by IFN -y and has an in vitro 

trypanostatic activity as demonstrated on parasites (Kaushik, Uzonna et ai. 1999). NO 

deficient mice displayed increased susceptibility to T. congolense infection in terms of 

parasitemia and mortality (Magez, Radwanska et al. 2006). During the initial parasitemic 

peak, NO was severely depleted in liver sections of IL-12 deficient mice but with 

comparable expression in the spleen as seen in wild type mice. It has been suggested by 

Shi et aI., 2003 that IFN-y produced in the spleen is disseminated via the circulation and 

may in tum activate Kupffer cells present in the liver. Possibly, in IL-12 deficient mice 

the reduced circulating spleen derived IFN-y during the 1st peak of infection may be 

insufficient to adequately stimulate Kupffer cells resident in the liver to produce NO as 

seen in wild type mice. 

In contrast to the acute stage of infection, at day 105 post infection, NO was detected in 

liver sections in all IL-12 deficient mice but not to the same extent as found in wild type 

mice. Although high NO levels are associated with resistance in T. congolense infection 

(Kaushik, Uzonna et al. 1999) it could be postulated that persistent NO production in the 

liver as seen in wild type mice results in the observed increased pathological lesions by 

its induction of apoptosis and the formation of toxic radicals (Brune, Messmer et al. 

1995). Similarly, slightly reduced extent of pathological lesions was seen in the spleen of 

IL-12 deficient mice compared to wild type mice, coinciding with a similar slightly 

decreased production of NO in these mouse groups. Hepatocyte necrosis and macrophage 

apoptosis has been demonstrated in liver of T. congolense infected BALB/c mice and was 

attributed to high levels of IFN-y which in tum is responsible for NO up-regulation 

'-(Magez, Radwanska et al. 2006). It could be speculated that the decreased IFN -y plasma 

levels found in IL-12 deficient mice resulted in reduced NO expression in liver and in 

tum results in reduced hepatopathology. 
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The results found in the present study are in striking contrast to the known beneficial role 

of IL-12 observed in T. b. brucei infection, where IL-12 is found to be essential for 

parasite control and survival (Barkhuizen, Magez et aL 2007). A reason for these 

differences may be that, as T. congolense and T. b. brucei belong to different subgenus's, 

the host may rely on different immune effector molecules for resistance. Downstream of 

the IFN-y signaling pathway, NO is induced which is essential for resistance to T. 

congolense (Magez, Radwanska et aL 2006) and was detected in infected IL-12 deficient 

mice. In contrast to T. congolense infection the downstream mechanisms of IFN-y in T. b. 

brucei (Hertz and Mansfield 1999) remains to be elucidated and, as our previous results 

demonstrated, the mechanism is also dependent on IL-12 signaling (Barkhuizen, Magez 

et aL 2007). 

Furthermore, the induction ofTNF in T. b. brucei infection is largely dependant on IL-12 

signaling (Barkhuizen, Magez et al. 2007), however in T. congolense, production was 

only slightly impaired. As TNF is necessary for parasitemia control in both T. b. brucei 

and T. congolense infections, this may also explain the differences in terms of 

parasitemia control in IL-12 deficient mice infected with either parasite. 

A surprising finding in terms of increased survival in IL-12 deficient mice was that this 

was independent of parasitemia control as no differences were detected between wild 

type and IL-12 deficient mice. A genetic analysis has illustrated a positive correlation 

between the efficiency of clearance of the 1st parasitemic peak and survival in T. 

congolense infections (Ogunremi and Tabe11995). As no differences in parasitemia were 

found between IL-12 deficient and wild type control mice, this may suggest that IL-12 

plays a role during the more chronic infection period as apposed to very early in infection 

where this study focused. This may be supported by the long-term bovine T. congolense 

infection model where upregulation of IL-12p40 mRNA transcripts in unstimulated 

PBMCs was found from day 21 post infection (Mertens, Taylor et al. 1999). 

Residual IFN-y responses seem also to be sufficient for optimal type 1 responses, as IL­

12 deficient mice produced similar levels of VSG-specific IgG2c antibodies during T. 
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congolense infection as wild type mice, a result also found in T b. brucei and T evansi 

infection (Barkhuizen, Magez et a1. 2007). Contrary to a previous hypothesis, these 

results suggest that IL-12 together with high IFN-y responses are not necessary to drive 

this B-cell switch in T congolense infections (Kaushik, Uzonna et a1. 1999) (Uzonna, 

Kaushik et a1. 1999). These studies measured IgG2a in C57BLl6 mice which likely 

detected IgG2c as C57BLl6 inbred mice do not have the gene (Martin, Brady et al. 1998). 

Induction ofIFN-y has been shown in both T evansi and T b. brucei by a direct stimulus 

by TLTF released by the parasite. (Bakhiet, Buscher et a1. 1996), and could have partially 

induced residual levels of IFN-y in IL-12 deficient mice. However in T congolense this 

molecule has not been studied and mayor may not exist. Interleukin-12-independent 

IFN-y production has been demonstrated during Listeria monocytogenes (Brombacher, 

Dorfmuller et a1. 1999), Mycobacterium BCG (Holscher, Atkinson et a1. 2001) and 

Leishmania major (Mattner, Magram et a1. 1996) infections. In T b. brucei infection, 

natural killer cells are thought to be necessary for resistance during the initial infection 

which are activated by both IL-12 and IL-18 (Namangala, Sugimoto et a1. 2007). 

Similarly in T congolense infection, in the absence of IL-12, IL-18 may drive the Thl 

response, thus providing residual host protection. Moreover, in the absence of IL-18, IL­

12 was found to be effective in providing host resistance to infection. 

Following T congolense infection the majority of IFN-y is produced by MHC-II 

restricted CD4+ T cells with a contribution of 5% from CD8+ T cells (Shi, Wang et a1. 

2006) (Shi, Wei et a1. 2007). The importance of MHC class II molecules in C57BLl6 

mice has been shown as gene deficient mice display decreased survival (Magez, 

Radwanska et a1. 2006). In addition, expression of IFN-y in CD4+ cells was found at the 

area of cell to cell contact with CDllb+ cells (Shi, Wei et al. 2006). Together, these 

results may suggest a role for IL-12 production by antigen presenting cells signaling via 

MHC-II molecules initiating CD4+ T cell IFN-y hyper-responses leading to long-term 

pathogenesis in wild type mice. 
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Increased survival has also been shown experimentally in T. congolense infected BALB/c 

mice, with a similar phenotype as found in infected IL-12 deficient mice. Here, deletion 

of CD4+ T cells in BALB/c mice displayed no benefit for host survival, although IFN-y 

was found to be markedly reduced in these mice, protective factors, namely; IL-I0 (Shi, 

Pan et al. 2003) and IgG2a (Uzonna, Kaushik et al. 1999) (Magez, Radwanska et al. 

2006) were similarly reduced. However, partial depletion of either CD4+ T cells or MHC 

class II positive cells in infected BALB/c mice resulted in significantly reduced IFN-y 

production together with increased survival, normal IL-I0 and parasite specific IgG2a 

antibody responses (Shi, Wei et al. 2006). These data parallel the results reported in this 

present study using IL-12 deficient mice, in that the attenuation of IFN -y production 

together with anti-inflammatory IL-l 0 increases host survival. 

Interleukin-12 deficient mice have been found to produce default Th2 responses to 

infectious pathogens such as in Leishmania major (Mattner, Magram et al. 1996), 

Salmonella enterica (Lehmann, Bellmann et al. 2001) and Cryptococcus neoformans 

(Decken, Kohler et al. 1998). In the bovine model the increased IL-4 mRNA present in 

trypanotolerant cattle compared to that found in trypanosusceptible cattle was associated 

with increased survival in T. congolense infection (Mertens, Taylor et al. 1999). In the 

mouse model using different mouse strains, the role of IL-4 in infection with various T. 

brucei subspecies has been found to be harmful (Bakhiet, Jansson et al. 1996), protective 

(Inoue, Inoue et al. 1999) or to have no effect (Schopf, Filutowicz et al. 1998) in terms of 

mortality or parasitemia. Plasma IL-4 levels found in all IL-12 deficient mouse groups at 

the time points investigated were not significantly increased compared to wild type mice. 

Furthermore, no significant differences in mortality were found between C57BL/6 wild 

type and IL-4 or IL-4Ra deficient mice, as similarly shown using these deficient mice in 

the BALB/c mouse background (Noel, Hassanzadeh et al. 2002). The enhanced survival 

of IL-12 deficient mice cannot be attributed to increased IL-4 production, which would 

potentially drive a Th2 response. Moreover IL-12 was not required to suppress IL-4 

production in T. congolense infection. 
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The findings from the IL-12 deficient mice parallel those of other studies describing 

characteristics linked to trypanotolerance in T. congolense infection. Recently, regulatory 

T cells have been shown to be necessary to limit the sustained type I immune response 

resulting in pathology in T. congolense infected mice (Guilliams, Oldenhoveet at 2007). 

In addition, the emergence of an alternatively activated macrophage profile has been 

documented during the chronic stages of disease exhibiting properties such as the down­

regulation of pro-inflammatory responses (Ghassabeh, De Baetselier et at 2006). The 

findings here, illustrating decreased pro-inflammatory responses together with decreased 

immunopathology in IL-12 deficient mice, parallel the above-mentioned studies and 

indicate that immune responses in wild type mice are ultimately detrimental to the host. 

Work by Baetselier et al., 2001, led to the proposed model where a type II cytokine 

switch from a type I response may facilitate survival into the chronic stage of disease in 

T. congolense infection with the concurrent induction of alternate macrophage activation 

(Baetselier, Namangala et al. 2001) (Ghassabeh, De Baetselier et al. 2006). However, 

deletion of IL-4 and/or IL-13 cytokines that may drive a type II response revealed a 

similar susceptibility to T. congolense infection as wild type mice. The postulated switch 

from type I to type II cytokine response involving IL-4/IL-13 driving protective alternate 

macrophage activation during chronic T. congolense infection alluded to by Baetselier et 

al., 2001, may thus be induced by other factors. 

Factors, such as IL-I0, are able to induce phenotypes similar to that induced by IL-4 and 

IL-13 (Mantovani, Sica et al. 2004). Interleukin-lO has down-regulating anti­

inflammatory activities and has been shown to be essential for decreasing pathology 

during T. congolense infection and is found to be up-regulated during chronic infection 

(Shi, Pan et al. 2003) (Baetselier, Namangala et al. 2001). However, Gordon, 2003 

suggests that IL-IO, in the absence ofIL-4/IL-13, is not able to compensate for alternative 

macrophage activation (Gordon 2003). Work which supports this contention was done by 

Herbert et al., 2004, where IL-IO was unable to stimulate Arginase activity in 

macrophages stimulated with IL-4 and IL-13 (Herbert, Holscher et al. 2004). Also, using 

suppression subtractive hybridization it was found that IL-IO and IL-4 induce 
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substantially different gene expression patterns in macrophages (Stumpo, Kauer et a1. 

2003). The work presented here, although incomplete in terms of all potential effector 

immune molecules, does suggest that factors other than IL-4/IL-13 induces the proposed 

alternative macrophage activation necessary for survival into the chronic stage of T. 

congolense infection. Similarly, Noel et aI., 2002 found that in the BALB/c infection 

model, IL-4 and IL-13 deficient mice were not impaired in their ability to induce 

alternatively activated macrophages (Noel, Hassanzadeh et a1. 2002). Furthermore, work 

by Ghassabeh et aI., 2006, found that Type II cytokine-associated myeloid cell signature 

genes induced by T. Congolense as well as other parasitic and cancer murine models 

were not induced by IL-4/IL-13 or IL-lO under in vitro conditions and may thus be 

induced by other factors. 

Macrophages from IL-12 deficient mice have been shown to exhibit a M2 profile (Bastos, 

Alvarez et a1. 2002) that may induce a more protective immune response towards 

infection with T. congolense compared to that of wild type mice. Ghassabeh et aL, 2006 

using T. congolense infection model (as well as others) in mice characterized the M2 

profile during the chronic stages of disease (Ghassabeh, De Baetselier et a1. 2006). The 

genetic profile of these M2 cells included properties such as down-regulation of 

inflammation, immunomodulation, protection from oxidative damage, increased 

phagocytosis and tissue repair. The results of this paper using IL-12 deficient mice indeed 

shows dramatic down-regulation of inflammation and perhaps enhanced tissue repair 

and/or protection from oxidative damage as shown in the liver compared to wild type 

mice. The emergence of the M2 profile during the chronic stages of disease may be 

enhanced in the case of IL-12 deficient mice as these mice lack a strong counter type I 

cytokine response. Furthermore the establishment of a type II cytokine response from a 

type I cytokine response is considered beneficial for survival of mice (Baetselier, 

Namangala et a1. 2001), and in the case of IL-12 deficient mice it suggests an optimal 

balance could have been established. 

In the study by Ghassabeh et al., 2006 the gene trem2 (triggering receptor expressed on 

myeloid cells 2) was identified and up-regulated (87 ± 4 fold induction) after 3-4 months 
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of infection ( chronic stage) compared to 2 weeks post infection (early stage) in the T. 

congolense infection model (Ghassabeh, De Baetselier et al. 2006). This gene expresses a 

protein found on macrophages infiltrating tissues from the circulation and is inducible by 

alternative activation stimulated by IL-4. Studies using TREM-2 gene deficient mice 

found that it functions to reduce cytokine production in response to TLR ligands LPS, 

CpG and zymosan stimulation (Turnbull, Gilfillan et al. 2006) (Hamerman, JaIjoura et al. 

2006). A study by Drennan et al., 2006 has found TLR9 (responsible for CpG 

recognition) to playa role in resistance in non-clonal T. b. brucei infections and may thus 

indicate the connection between TREM-2 and the recognition of trypanosome antigens 

by the immune system (Drennan, Stijlemans et al. 2005). The up-regulation of the anti­

inflammatory trem2 gene towards the chronic stages of infection are in line with the 

results in this study which show that an anti-inflammatory condition existing in IL-12 

deficient mice resulting in decreased pathology and enhanced survival is beneficial. 

Another M2 signature gene, namely Selenoprotein P (Sep), involved in enhancing host­

protective mechanisms present during the chronic stages of T. congolense infection was 

identified by Ghassabeh et at., 2006 in infected mice. Selenoprotein P was found to be up 

regulated during the chronic stage of disease compared to the acute stage (Ghassabeh, De 

Baetselier et al. 2006). Sep is an extracellular glycoprotein involved in selenium 

homeostasis, but also plays a role in antioxidant defense, it has been suggested that this 

molecule binds to cell membranes in inflamed areas and scavenges free radicals (Burk, 

Hill et al. 1997) (Arteel, Mostert et aL 1998) (Saito, Hayashi et al. 1999). Moreover, in 

the diquat-induced liver necrosis model using selenium deficient rats, it was found that 

Sep plasma levels correlated with protection against diquat injury (Burk, Hill et al. 1995) 

(Atkinson, Hill et al. 2001). Research on the mechanisms involved in Gemcitabine 

resistance, a standard chemotherapeutic agent used to treat pancreatic cancer, have found 

that the resistance was due to a reduction of intracellular reactive oxygen species by Sep 

(Maehara, Tanaka et al. 2004). Of interest in the present IL-12 study is that Maehara et 

al., 2004 showed that IFN -"( suppressed the expression of Sep mRNA with a resultant 

increase in intracellular reactive oxygen species. The protective properties of Sep may 

thus offer an explanation for the decreased liver pathology in IL-12 deficient mice in that 
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these mice show reduced chronic stage IFN-y production which may suggest increased 

protective activity by Sep expression, inhibiting the activity of reactive oxygen species. 

An infection study using the T. congolense model illustrated that, in vitro, IL-IO induced 

Sep expression but not IL-4 or IL-13 (Ghassabeh, De Baetselier et a1. 2006). This may 

validate the results here, as IL-4 or IL-13 deletion had no effect on survival. However, in 

IL-12 deficient mice IL-IO was present, but with reduced IFN-y, which may drive Sep 

expression allowing for protection. Of further interest is that selenium binding protein 2 

was found to be up-regulated in resistant C57BLl6 mice compared to susceptible AI] 

mice at days 4, 7, 10 and 17 post infection (Kierstein, Noyes et a1. 2006). 

Further interactions between down-regulating molecules such as monocyte 

chemoattractant protein-l (MCP-I) and IL-12 may also account for enhanced resistance 

in T. congolense infected mice deficient in IL-12 compared to wild type mice. The 

activity of MCP-l has been shown to be involved in the regulation of ThllTh2 

lymphocyte differentiation, by inducing Th2 development via IL-4 up-regulation and 

inhibiting Thl development by reducing IL-12 production (Chensue, Warmington et a1. 

1996) (Karpus and Kennedy 1997) (Lukacs, Chensue et a1. 1997) (Karpus and Kennedy 

1997). In addition to its chemotactic properties, MCP-l has been implicated in playing a 

role in balancing pro- and anti-inflammatory cytokines during infection (Zisman, Kunkel 

et a1. 1997). Monocyte chemoattractant protein-l may have protective characteristics, 

down regulating IL-12 and TNF-a and up-regulating IL-lO with the result of increased 

survival (Zisman, Kunkel et a1. 1997) (Matsukawa, Hogaboam et a1. 2000) (Gomes, 

Figueiredo et a1. 2006). Although not determined in this study, levels ofMCP-l are found 

to be highly increased in wild type mice towards the late stage of infection in T. 

congolense infection (Noel, Hassanzadeh et a1. 2002). It could be speculated that in the 

absence ofIL-12, MCP-l may more effectively drive the anti-inflammatory response (in 

the form of IL-IO) resulting in the observed increased survival presenting in IL-12 

deficient mice. Furthermore, as well as being an immune modulator together with 

chemotactic activities, MCP-l is also able to activate monocytes to release lysozomal 

enzymes as well as the production of H20 2 which may have trypanolyticistatic activities 
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(Matsushima, Larsen et al. 1989) (Rollins, Walz et al. 1991) (Mansfield and Paulnock 

2005). 

Several genetic mapping studies, comparing trypanosresistant and trypanosusceptible 

inbred strains of mice, have highlighted alternate immunological pathways utilized 

during infection with different T. congolense strains. For example, genome-wide 

mapping scans identified quantative trait loci which contained putative resistance genes 

(Iraqi, Clapcott et al. 2000) (Clapcott, Teale et al. 2000). Furthermore a large scale gene 

micro array study (Kierstein, Noyes et al. 2006) compared the gene expression profiles of 

trypanosresistant and trypanosusceptible infected cattle (O'Gorman G, Park et al. 2006) 

(Yoshihara, Morris et al. 2007). However, these studies and the the work by Namangala 

et al., 2007 did not identifY IL-12 as playing a significant role in T. congolense infections. 

Instead these studies broadly identified that a proinflammatory cytokine response was 

necessary for survival. The common strain of T. congolense used in these studies was the 

IL1180 clone. However, research in this thesis using the T. congolense Tc13 clone 

identified IL-12 as a susceptibility factor. The work presented here may indicate strain 

differences within T. congolense which may have immunological ramifications. 

Recent work by Namangala et al., 2007 has shown that exogenously administrated TGF­

1st~ had protective activity against the IL1180 strain of T. congolense. Enhanced 

parasitemic peak control and survival was reported as well as reduced infection related 

pathology, namely; anemia and splenomegaly. The effect of administered TGF-beta in 

this model was an enhanced parasite-antigen specific Thl cellular response associated 

with high levels of type-l cytokines which correlated with increased resistance against T. 

congolense (Namangala, Sugimoto et al. 2007). However, an enhanced type-l cytokine 

response has been shown to be detrimental in C57BU6 and BALB/c inbred strains as 

well as in IL-12 deficient mice infected with the Tc13 strain of T. congolense (Shi, Pan et 

al. 2003). The disparity between these results may highlight differences between strains 

of this parasite and caution future studies using T. congolense. 
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Infection with T. congolense requires IL-IO to counter the effects of pro-inflammatory 

cytokines (Shi, Pan et al. 2003) (Guilliams, Oldenhove et al. 2007) (Shi, Wei et al. 2007). 

Recent findings have demonstrated that T regulatory cells produce a minor portion of the 

total IL-IO detected in spleen and liver samples. Conventional Thl cells as well as CD4 

negative cells, such as macrophages (Kaushik, Uzonna et al. 1999) (Kaushik, Uzonna et 

aL 2000) and/or regulatory B cells (Lund, Garvy et aL 2005), were suggested to be the 

major source(s) of IL-lO during infection. Of interest are Ly-l (Bl or CD5) B cells as 

these cells are known to readily produce IL-lO (O'Garra, Chang et al. 1992) and upon 

expansion form a large part of circulating B cells during T. congolense infection 

(Naessens and Williams 1992). Further evidence for this connection comes from infected 

cattle where an increase in IL-I0 mRNA expression occurred concurrently with 

expansion ofCD5+ B cells (Taylor, Mertens et at. 1998). 

In the murine model, activation of CD5 B cells is thought to occur via T cell independent 

processes (Naessens and Williams 1992). In terms of cytokine regulation, IL-12 or IFN-y 

has been shown to inhibit the expansion of CD5+ B cells which also express the receptor 

for IL-12 in murine cells (Velupillai, Sypek et a1. 1996) (Vogel, Showe et a1. 1996) 

(Vogel, . Lester et a1. 1996). Studies have shown that in murine schistosomiasis the 

expansion of B-1 cells (CD5) was elicited by injection of saline soluble egg antigens 

(SEA) or the polylactosamine sugar lacto-N-fucopentaose III and resulted in the 

production of Thl-down-regulating molecules namely; IL-lO and prostaglandin E2 

(Velupillai and Ham 1994). In this study it was found that B-1 cell outgrowth could be 

completely inhibited by IL-12, IFN-y or anti-IL-lO. In this thesis, the lack of IL-12 

signaling may have allowed for a greater expansion of CD5+ cells and IL-I0 production. 

This may have added to the anti-inflammatory condition in the IL-12 gene deficient mice, 

leading to their prolonged survival compared to wild type mice. In contrast however, 

these B cells are implicated in several autoimmune diseases and may playa role in 

autoimmunity in T. congolense infection (Duan and Morel 2006) (Naessens and Williams 

1992). 
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Although infection with fatal strains Plasmodium berghei represents a very different 

mouse model compared to that of T. congolense it may provide further clues as to the role 

ofIL-12 in the formation oflesions in the liver. In this model IL-12 was found to induce 

liver injury but was excluded in having a direct toxic effect on hepatocytes (Adachi, 

Tsutsui et al. 2001). Lymphocytes present in the liver expressed high levels of IL-12R 

and killed normal hepatocytes in a perf orin-dependant and MHC unrestricted manner. 

Perf orin has been found to be highly up-regulated in T cells infiltrating lesions caused by 

autoimmune diseases such as rheumatoid arthritis, myocarditis and non obese diabetic 

mice (Lowin, Beermann et al. 1994). Interleukin-12 has been found to playa role in the 

induction of autoimmunity in EAE (Conant and Swanborg 2004) (Ichikawa, Williams et 

al. 2002), it is possible that IL-12 in chronic T. congolense infection may similarly induce 

autoimmunity. 

The production of IFN-l' in T. congolense infection is necessary to prevent mortality in 

C57BL/6 mice (Magez, Radwanskit et al. 2006). However, in a chronic setting with 

continuously up-regulated IFN-l' production, it could be possible that autoimmune 

pathology is subsequently induced (Schroder, Hertzog et al. 2004). Studies have found 

that long term IFN-l' exposure may contribute to conditions such as autoimmune nephritis 

(Heremans, Billiau et al. 1978) (Jacob, van der Meide et al. 1987) and insulin-dependent 

mellitus (Sarvetnick, Liggitt et al. 1988). The enhanced resistance in IL-12 deficient mice 

to T. congolense may be due to the attenuation of IFN-y production and thus its 

autoimmune promoting activity. 

The results of T. congolense shown here and by others using T. b brucei infections 

(Drennan, Stijlemans et aL 2005) shows the requirement of the adaptor molecule MyD88 

for survival and here, was also demonstrated to exclude the overlapping IL-18 signaling 

pathway in T. congolense (Adachi, Kawai et al. 1998). In the T. b. brucei infection 

model, MyD88 was shown to be necessary for IFN-y and TNF production (Drennan, 

Stijlemans et al. 2005), in T. congolense this may be the case as well as both these 

cytokines are necessary for survival (Magez, Radwanska et al. 2006) (Magez, Radwanska 

et al. 2007) and may thus explain early mortality in these gene deficient mice. Toll-like 
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receptor 9 is known to respond to its agonist CpG DNA and was identified to be 

necessary for resistance to non-clonal infections in the T. b. brucei infection model 

(Drennan, Stijlemans et al. 2005). As suggested previously in the T. b. brucei infection 

model, TLR9 signaling induces IL-12 production, the deletion of either resulted in a 

similar disease outcome of increased susceptibility (Barkhuizen, Magez et al. 2007). 

However, in T. congolense infection, IL-12 is a susceptibility factor, and not a resistance 

factor as found in T. b. brucei, suggesting different TLR molecules play a role in 

resistance to T. congolense. 
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CONCLUSIONS 

The data presented in this thesis demonstrated that IL-12p70, but not the IL-12p80 

homodimer nor IL-23, was necessary for optimal resistance to T. b. brucei infection in 

terms of mortality and parasitemia control. The resistance attributed to IL-12 was 

mediated through IFN-y, the production of which was significantly decreased in the 

absence of IL-12. Moreover, IL-12 was found to be important for parasitemia control 

during the chronic stage of T. b. brucei infection, where it was needed for optimal TNF 

and IFN-y production. The protective role of IFN-y was validated in IFN-yR deficient 

mice infected with T. b. brucei. Similar results were obtained in IL-12 deficient mice 

infected with T. evansi. However, these results differed to published data which reported 

that IgM was necessary for control of infection rather than a Th 1 type immune response 

(Baral, De Baetselier et al. 2007). This was most likely due to the laboratory's T. evansi 

strain evolving into a highly virulent strain that required a robust Type I response for 

effective host resistance. 

In contrast to the results obtained from T. b. brucei and T. evansi infections, IL-12 was 

shown to playa detrimental role during T. congolense infection. Here, IL-12 was found 

to drive the production of IFN-y and iNOS, the over production of which resulted in liver 

damage during the chronic stages of the disease leading to mortality. Furthermore, in 

contrast to T. b. brucei and T. evansi infections, the attenuated cytokine response in T. 

congolense infected IL-12 deficient mice had no negative effect on parasitemia controL 

Another Thl inducing cytokine, IL-18 did not playa role in resistance in any of the 

Trypanosoma strains suggesting that IL-12 can sufficiently provide host resistance to 

trypanosomiasis in the absence of IL-18, but not visa-versa. Interleukin-12 independent 

IFN-y production was also detected in all Trypanosoma infected mice possibly driven by 

IL-18 or TL TF produced by the parasites. 

In addition, MyD88 was shown to playa significant role in survival in T. evansi and T. 

congolense infections as has been already found in T. b. brucei. Although the production 

of the T helper 2 inducing cytokine, namely; IL-4 was detected during infection, there 
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was no significant role in the outcome of the disease in mice deficient for IL-4 and IL-13 

for any of the Trypanosoma strains used. The results of this thesis also highlight the 

major immunological differences between T. congolense, T. b. brucei and T. evansi 

strains and that this should be taken into consideration in future studies. 
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FUTURE WORK 

Currently the immunology of T. evansi infection is largely unknown compared to that of 

T. b. brucei, which has been extensively studied. Recent work has begun to shed light 

onto the immune mechanisms necessary for resistance against T. evansi, as well as those 

causing pathology. For example, Baral et al (2007) reported that IgM was necessary for 

control of infection rather than a Thl type immune response, which is characteristic of a 

resistant phenotype against trypanosomiasis infection.(Baral, De Baetselier et al. 2007) 

However, preliminary data presented in this thesis has demonstrated that resistance to T. 

evansi is mediated through MyD88, IFN-yR, IL-12 and TNF signaling pathways. 

Furthermore, CD4 cells were found to be necessary for resistance to T. evansi. These 

differing results may be due to the continual passaging of the parasite in the laboratory, 

resulting a more virulent, non-clonal strain of T. evansi. It is therefore necessary to repeat 

this experiment and in parallel, draw on the original strain as a comparison. 

The role of the adaptor molecule MyD88 in T. b. brucei infection has already been 

investigated, although the exact signaling pathway remains unknown as only a partial 

role for TLR9 was found (Drennan, Stijlemans et al. 2005). It was suggested that 

trypanosomal DNA, when released from lysing cells, triggered TLR9 via MyD88 and 

consequently IL-12 production during the chronic stages of disease (Barkhuizen, Magez 

et al. 2007) (Bastos, Barboza et al. 2007). In this thesis, MyD88 was found to be 

necessary for resistance to T. congolense. Given the increased resistance of IL-12 

deficient mice in T. congolense infection, as apposed to T. b. brucei where IL-12 

deficient mice are susceptible, it is possible that other TLR molecules besides TLR9 may 

be involved in resistance or susceptibility in T. congolense infection. A further study 

using gene deficient mice for TLR(s), would therefore identify those TLR(s) signaling 

through MyD88 that required for resistance to T. congolense. 

Recently, regulatory T cells in combination with IL-IO, were shown to be for essential 

limiting liver damage induced by type I inflammatory cytokines in T. congolense infected 
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mice (Guilliams, Oldenhove et al. 2007). Extended survival in IL-12 deficient mice as 

compared to controls presented in this thesis may therefore be due to the enhanced 

activity of regulatory T cells. Since a negative association between IL-12 and regulatory 

T cells have been found in other models (Kilinc, Aulakh et al. 2006), a further study will 

be performed to determine whether IL-12 inhibits the expansion of regulatory T cells that 

contribute to host protective responses and thus survival. 
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Appendix 

APPENDIX 

DISTRESS SCORING SHEET (Adapted from Wolfensohn & Lloyd, 1998) 

APPEARANCE Score: 
Normal 0 

General lack of grooming 1 

Coat staring. Ocular & nasal discharges 2 
Piloerection, hunched up 

3 

S 
Normal Colour & Movement 0 

Slight Changes: pallor, diminished activity, increased water intake (polydipsia) 1 

Moderate Changes: weight loss, wet or blood on bedding (i.e. polyuria, diarrhoea, or gastrointestinal bleeding) 2 
Severe Changes: immobility, abnormal gait, lameness, paralysis, fitting 

3 

NATURALBEBAVIOUR 
Normal 0 

Minor Changes 1 

Less mobile and alert, isolated 2 

Vocalisation, self mutilation, restless or very still 
3 

PROVOKED BEBAVIOUR 
Nonnal 0 

Minor depression or exaggerated response 1 

Moderate Change in expected behaviour 2 

Reacts violently, or very weak and precomatose 
3 

SCORE ADJUSTMENT 

Ifyou have scored a 3 more than once, score an extra point for each 3 2-4 

TOTAL 0-16 

JUDGEMENT 

0-4 Normal 

5-10 Monitor Carefully 

11 or over Termination 
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Appendix 

Genotyping Primer Sequences and Product Sizes 

Genotyping 
peR 

Primer sequences 

IFNyR IFNyR PI: 5'~CCC ATT TAG ATC CTA CAT ACG AAA CAT ACG G~3' 
IFNyRP2: 5'-TTTCTG TCATCATGGAAA GGAGGGATACAG-3' 

IL-I2p35 IL~I2p35 PI: 5'-AGC TCC TCT CAG TGC CGG TC-3' 
IL-I2p35 P2: 5'-GGT CTT CAG CAG GTT TCG GG-3' 
IL-12p35 P3: 5'-GGC TCT GGA CTC ACC TGG AT-3' 
IL-12p35 P4: 5'-GCA TCGCATTGTCTG AGT AGG-3' 

IL-12p40 IL-12p40 PI: 5'-AGT GAA CCT CAC CTG TGA CAC G-3' 
IL-12p40 P2: 5'-TCT TTG CAC CAG CCA TGA GC-3' 
IL-12p40 P3: 5'-GCG GGA AGG GAC TGG CTG CTAT-3' 
IL-I2p40 P4: 5'-CAC CCG TGC GTT TTA TTC TGT CTT-3' 

IL-IRrp-'­ IL-I8 PI: 5'-ATC TGC ACA CTT GTG AAG CAG AAA CAC-3' 
IL-18 P2: 5'- ATC ACT ATA CAC ACT GCT GCC ACA GAG-3' 
IL-18 P3: 5'- ATC GCC TTC TAT CGC CTT CTT GAC GAG-3' 

IL-4 IL-4 PI: 5'-GTG AGC AGA TGA CAT GGG GC-3' 
IL-4 P2: 5'-CTT CAA GCA TGG AGT TIT CCC-3' 
IL-4 P3: 5'-GCG CAT CGC CTT CTA TCG CCT TC-3' 

IL-4Ra. IL-4Ra PI: 5'-TGA CCT ACA AGG AAC CCA GGC-3' 
IL-4Ra P2: 5'-CTC GGC GCA CTG ACC CAT CT-3' 
IL-4Ra P3: 5'-GGC TGC TGA CCT GGAATA ACC-3' 
IL-4Ra P4: 5'".CCT TTG AGA ACT GCG GGC T-3' 

iNOS iNOS PI: 5'-ATC AGC CTT TCT CTG TCT CC-3' 
iNOS P2: 5'-GGC TTT CTG CTG TTC TCT C-3' 
iNOS P3: 5'-GAGCAA TGT GAC AAA GCT CCT TCA GAC TAG -3' 
iNOS P4: 5'-GCC TGA AGA ACG AGA TCA GCA GCC TC -3' 

MyD88 Myd88 PI: 5'-AGA CAG GCT GAG TGC AAA CIT GTG CTG-3' 
Myd88 P2: 5'-AGC CTC TAC ACC CTT CTC ITC TCC ACA-3' 
Myd88 P3: 5'-ATC GCC TTC TAT CGC CIT CIT GAC GAG-3' 

TLR2 TLR2 PI: 5'-CTT CCT GAA TTT GTC CAG TAC AGG-3' 
TLR2 P2: 5'~TCG ACC TCG ATC AAC AGG AGA AG-3' 
TLR2 P3: 5'-GGG CCA GCT CAT TCC TCC CAC TCA-3' 

TNF TNF PI: 5'- AGA TAG CAA ATC GGC TGA CGG-3' 
TNF P2: 5'-CCT TCT ATC GCC TTC TTG ACG-3' 
TNF P3: 5'-ATC AGT TCT ATG GCC CAG ACC-3' 

TNFRI TNFRI PI: 5'-CTC TCT TGT GAT CAG CAC TG-3' 
TNFRI P2: 5'-AGA AAT CTC AAG ACAAIT CTC TGC-3' 
TNFRI P3: 5'-TCC CGC TTC AGT GAC AAC GTC~3' 

TNFR2 TNFR2 PI: 5'-CCT CTC ATG CTG TCC CGG AAT-3' 
TNFR2 P2: 5'-AGC TCC AGG CAC AAG GGC GGG-3' 
TNFR2 P3: 5'CGG TTC TIT ITG TCA AGA C-3' 
TNFR2 P4: 5'-ATC CTC GCC GTC GGG CAT GC-3' 
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Appendix 

Genotyping PCR Cycle Parameters 

Genotyping Reaction PCR Cycle Parameters 

IFNyR-I- Stepl: 94°C for 2 min. 
Step 2: 94°C for 20 sec. 
Step3: 58°Cfor 20 sec. 
Step4: n° C for 2 min. 30 sec. 
Step5: repeat steps 2-4 5X 
Step6: 94°C for 20 sec. 
Step7: 58°C for 20 sec. 
Step8: n°C for 2 min. 
Step9: repeat steps 6-8 35X 
SteplO: n°C for 3 min. 
Stepll: hold at 4°C 

IL-12p35 Wildtype PCR (primers PI and P2): 
Stepl: 94°C for 2 min. 
Step 2: 94°C for 20 sec. 
Step3: 58°Cfor 20 sec. 
Step4: n°C for 2 min. 30 sec. 
StepS: repeat steps 2-4 5X 
Step6: 94°C for 20 sec. 
Step7: 58°C for 20 sec. 
Step8: 7rC for 2 min. 
Step9: repeat steps 6-8 28X 
SteplO: noc for 3 min. 
Stepll: hold at 4°C 

Knock-out PCR (primers P3 and P4):: 
Stepl: 94°C for 3 min. 
Step 2: 94°C for 45 sec. 
Step3: 58°Cfor 45 sec. 
Step4: n° C for 2 min 
StepS: repeat steps 2-4 35X 
Step6: n° C for 3 min. 
Step7: hold at 4°C 

IL-12p40 Stept: 94°C for 3 min. 
Step 2: 94°C for 45 sec. 
Step3: 60°Cfor 45 sec. 
Step4: n°C for 1 min. 30 sec. 
StepS: repeat steps 2-4 35X 
Step6: n°C for 3 min. 
Step7: hold at 4°C 
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Appendix 


Genotyping PCR Cycle Parameters (continued) 


Genotyping Reaction PCR Cycle Parameters 

IL-IRrp-l- Stept: 94°C for 10 min. 
Step 2: 94°C for 30 sec. 
Step3: increase temp. at 0.8°C/sec until 60°C 
Step4: 60 ° C for 1 min. 
StepS: 74°C for Imin. 
Step6: repeat steps 2-4 40X 
Step7: noc for 5min. 
StepS: hold at 4°C 

IL-4 Stepl: 94°C for 2 min. 
Step 2: 94°C for 30 sec. 
Step3: 58°Cfor 45 sec. 
Step4: n°C for 2 min. 30 sec. 
StepS: repeat steps 2-4 5X 
Step6: 94°C for 30 sec. 
Step7: 58°C for 45 sec. 
StepS: n°C for 30 sec. 
Step9: repeat steps 6-8 35X 
SteplO: n°C for 3 min. 
Stepll: hold at 4°C 

Il-4Ra Stept: 94°C for I min. 
Step 2: 94°C for 30 sec. 
Step3: 58°C for 20 sec. 
Step4: n° C for 1 min .. 
StepS: repeat steps 2-4 35X 
Step6: noc for 5min. 
Step7: hold at 4°C 

iNOS Stept: 94°C for 1 min. 
Step 2: 94°C for 30 sec. 
Step3: 55°C for 45 sec. 
Step4: n°C for 3 min .. 
StepS: repeat steps 2-4 40X 
Step6: noc for 5min. 
Step7: hold at 4°C 

MyD88 Stepl: 94°C for 5 min. 
Step 2: 94°C for 40 sec. 

, 
Step3: 55°C for 40 sec. 
Step4: 7rC for 1 min. 30 sec. 
StepS: repeat steps 2-4 40X 
Step6: noc for 5min. 
Step7: hold at 4°C 
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Appendix 


Genotyping PCR Cycle Parameters (continued) 


Genotyping Reaction PCR Cycle Parameters 

TLR2 Stept: 94°C for 5 min. 
Step 2: 94°C for 1 min. 
Step3: 55°C for 1 min. 
Step4: n° C for 2 min .. 
StepS: repeat steps 2-4 35X 
Step6: noc for 5min. 
Step7: hold at 4°C 

TNF Stept: 94°C for 5 min. 
Step 2: 94°C for 1 min. 
Step3: 60°C for 1 min. 
Step4: n° C for 2 min .. 
StepS: repeat steps 2-4 35X 
Step6: noc for 5min. 
Step7: hold at 4°C 

TNFRI Stept: 94°C for 11 min. 
Step 2: 94°C for 60 sec. 
Step3: 57°C for 1 min. 
Step4: n° C for 2 min .. 
StepS: repeat steps 2-4 35X 
Step6: noc for 5min. 
Step7: hold at 4°C 

TNFR2 Stept: 94°C for 11 min. 
Step 2: 94°C for 60 sec. 
Step3: 57°C for 1 min. 
Step4: n° C for 2 min .. 
StepS: repeat steps 2-4 35X 
Step6: noc for 3min. 
Step7: hold at 4°C 
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RECIPES 


General Lab Solutions 

Mouse Tail Digestion Buffer 

12.5ml 1M TRIS-HCL, pH8 

50ml500mM EDTA, pH8.0 

12.5m11MNaCI 

25mllO% SDS 

2.5ml10mglml Proteinase K 

Add 12.5ml of 1M TRIS-HCL (PH8), 50ml of 500mM EDTA (pH8.0), 125ml of 1M 

NaCI and 25ml of 10% SDS to 140m! of ddH20. Bring up the final volume to 250ml and 

filter sterilize with a 0.22JlM filter (Millipore Corporation, Bedford, USA). Aliquot into 

sterile tubes and store at -20°C. Thaw buffer and add lOmglml Proteinase K at a 1: 100 

dilution. 

10mg/ml Proteinase K 

1 g Proteinase K 

Weigh out Ig of Proteinase K and dissolve in 100ml of ddH20. Filter sterilize with a 

0.22JlM filter (Millipore Corporation, Bedford, USA) and aliquot into sterile tubes. Store 

at -20°C and use at a 1: 1 00 dilution in Mouse Tail Digestion Buffer. 

O.SM EDTA, pH 8.0 

93.06gEDTA 

Weigh out 93.06g of EDTA and dissolve in 450ml ddH20. Adjust pH to 8.0 and bring 

final volume to 500mL Autoclave and store at room temperature. 

2M NaCI 

11.688g N aCI 

Weigh out 11.688g ofNaCI and dissolve in 90ml of ddH20. Bring final volume to 100ml 

and autoclave. Store at room temperature. 
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General Lab Solutions 

Mouse Tail Digestion Buffer 

12.5ml 1M TRIS-HCL, pH8 

50m1500mM EDTA, pHS.O 

12.5mllMNaCl 

25mllO% SDS 

2.5ml 10mglml Proteinase 

RECIPES 

Add 12.5ml of 1M 

NaCl and 25ml of 10% 

500mM EDTA (pHS.O), 125m} 1M 

Bring up the final 

(Millipore Corporation, Bedford, 

to 

filter sterilize with a 0.22JlM 

sterile tubes and store at 

dilution. 

buffer add 10mglmi ProteiIllase at a 1:100 

10mg/ml Proteinase K 

1 g Proteinase K 

Weigh out 19 of Proteinase and dissolve in 100mi of ddH20. Filter '",UjU","", with a 

0.22JlM filter (Millipore Bedford, USA) and aliquot into 

at -20°C and use at a 1: 1 00 dilution in Mouse Tail Digestion Buffer. 

O.SM EDTA, pH 

93.06gEDTA 

Weigh out 

final volume to 500mL 

in 450ml ddH20. 

and store at room temperature. 

2M NaCI 

11.688g N aCl 

Weigh out 11 

and autoclave. 

dissolve in 90ml of ddH20. Bring 

at room temperature. 

to 8.0 

VA", .. A", to 1 OOml 
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10% SDS 

109 SDS 

Weigh out 109 of SDS and dissolve in 90ml of ddH20. Bring final volume to 100ml and 

autoclave. Store at room temperature. 

1M TRIS-BCI, pB8.0 

60.55g TRIS-HCI 

Weigh out 60.55g ofTRIS-HCI and dissolve in 450mlddH20. Adjust pH to 8.0 and bring 

final volume to 500ml. Autoclave and store at room temperature. 

1 X Phosphate Buffered Saline (PBS) 

SgNaCI 

0.2g KCI 

1.44g N a2HP04 

0.24g KH2P04 

Weigh out chemicals and dissolve in 900ml of ddH20 and adjust pH to 7.4. Bring final 

volume to 1000ml and filter sterilize with a 0.221lM filter (Millipore Corporation, 

Bedford, USA). Store at 4°C or room temperature. 

phosphate saline glucose (pSG) buffer 

20ml 100% glycerol 

109 SDS 

Add 109 of SDS to 90ml of ddH20 and dissolve. Bring final volume to 100mi and 

autoclave. Store at room temperature. 

4 % phosphate-buffered formalin 

52.63ml 38% formaldehyde 

500mll X PBS 

Mix together 52.63ml of 38% formaldehyde and 400ml of 1 X PBS. Bring up volume to 

500ml and filter sterilize with a 0.221lM filter (Millipore Corporation, Bedford, USA). 

Aliquot into sterile tubes and store at 4°C. 
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Weigh out 109 of dissolve in 90ml of ddH20. Bring final volume to 100ml 

autoclave. at room tenlPeratJure 

1M TRIS-BCI, "' ... , .... 

60.55g 

Weigh out "U.,JJ'><. 

final to 

and dissolve in 450mlddH20. Adjust pH to 8.0 and bring 

store at room temperarure. 

1 X Phosphate Buffered Saline (PBS) 

8gNaCI 

0.2g KCI 

1.44g N a2HP04 

0.24g KH2P04 

Weigh out chemicals and dissolve 

volume to 1000ml and filter 

of ddH20 and adjust pH to 7.4. Bring final 

a 0.221lM filter (Millipore Corporation, 

Bedford, USA). Store at 4°C or room tenme:rature 

phosphate saline glucose (pSG) buffer 

20ml 100% glycerol 

109 SDS 

Add 109 of SDS to 90ml of ddH20 

autoclave. Store at room tenlperaUlre. 

to 100mI and 

4 Oft. phosphate-buffered 

52.63ml 38% formaldehyde 

500mll X PBS 

Mix together 52.63ml of 38% formaldehyde and 400ml of 1 up 

500ml and filter sterilize with a 0.221lM filter (Millipore Corporation, ..... "" ... LV. 

Aliquot into sterile rubes and store at 4°C. 

to 

USA). 
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10% glycerol 


10m) 100% Glycerol 


90ml1 XPBS 


Mix together 10ml of 100% of Glycerol and 90ml of 1 X PBS. Autoclave and store at 


temperature. 


0.2% Triton-XI00 


2ml 10% Triton-X100 


98ml1 XPBS 


Mix together 2m1 of 10% Triton-XIOO and 98ml of 1 X PBS. Autoclave and store at 


temperature. 


1% BSA (Fraction V) 


Ig BSA (fraction V) 


100mll XPBS 


Weigh out Ig of BSA (fraction V) and dissolve in 95ml of 1 X PBS. Bring up the final 


volume to 100m) and filter sterilize with a 0.22)lM filter (Millipore Corporation, Bedford, 


USA). Aliquot into sterile tubes and store at -20°C. 
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10% glycerol 

10m) 100% Glycerol 

90mll PBS 

Mix together 10mI of 100% of Glycerol and 90ml of 1 X 

temperature. 

0.2% Triton-X100 

10% Triton-Xl 00 

1 PBS 

2ml of 10% Triton-X100 and 98ml of 1 X 

1% raCl!lOn V) 

(fraction V) and dissolve in 95ml of 1 

volume to 100ml filter sterilize with a 0.22JlM filter (Millipore 

USA). Aliquot into sterile tubes and store at -20°C. 

and store at 

store at 
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Cell Culture Solutions 

Fetal Calf Serum (FCS) 


500ml FCS 


Thaw one 500ml bottle of FCS at 37°C and heat inactivate at 56°C for 30 minutes with 


intermittent agitation. Make 25ml aliquots and store at -20°C. 


RPMI Medium 1640 

17.66g RPMI powder 

2.0g of sodium bicarbonate 

100ml Fetal calf serum 

10ml 100X Penicillin G and Streptomycin Solution 

Weigh out 17.66g of RPMI powder and 2.0g of sodium bicarbonate and dissolve in 

800ml ddH20. Adjust pH to between 7.35 with 1M NaOH. Add lOOml heat 

decomplemented fetal calf serum and 10ml of 100X Penicillin G and Streptomycin 

Solution. Bring the final volume to 1000ml and filter sterilize with a O.22~ filter 

(Millipore Corporation, Bedford, USA). Store at 4°C. 
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Cell Culture Solutions 

Fetal Calf Serum (FCS) 

500ml FCS 

one 500ml bottle of FCS at 37°C and heat inactivate at 

mtlemuUent agitation. Make 25ml aliquots and store at -20°C. 

RPMI Medium 1640 

17.66g RPMI powder 

2.0g of sodium bicarbonate 

lOOml Fetal calf serum 

10ml 100X Penicillin G and Streptomycin Solution 

Weigh out 17.66g of RPMI powder and 2.0g of sodium bicarbonate 

30 minutes with 

800ml ddH20. Adjust pH to between 7.35 with 1M NaOH. Add lOOml 

decomplemented fetal calf serum and 10ml of 100X Penicillin and -.:tr,pntntYI 

Solution. Bring the final volume to 1000m} and filter with a 

(Millipore Corporation, Bedford, USA). Store at 4°C. 
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Immunology Solutions 

ELISA Coating Buffer 

O.2g NaN3 

Weigh out NaN3 and dissolve in 900ml of 1 X PBS, bring the final volume to lOOOml and 

store at room temperature. 

ELISA Carbonate Coating Buffer 

1.6g Na2C03 

2.9gNaHC03 

4.2gNaCl 

Weigh out chemicals and dissolve in 900ml of ddH20. Adjust pH to 9.5 with 1M Citric 

Acid. Bring the final volume to lOOOml and filter sterilize with a 0.22JlM filter (Millipore 

Corporation, Bedford, USA) and store at 4°C. 

ELISA Blocking Buffer 

20g Powder Milk 

O.2g NaN3 

Weigh out chemicals and dissolve in 900ml of 1 X PBS, bring the final volume to 

1000ml and store at 4°C. 

ELISA Dilution Buffer 

10gBSA 

0.2gNaN3 

Weigh out chemicals and dissolve in 900ml of 1 X PBS, bring the final volume to 

lOOOml and store at 4°C. 

ELISA Washing Buffer (20 X) 

20gKCL 

20g KH2HP04.2H20 

800gNaCl 

50ml Tween-20 

lOOmllO% NaN3 

222 

ELISA Coating Buffer 

O.2g NaN3 

Weigh out NaN3 dissolve in 900ml of 1 

store at room tentlpe:rature 

ELISA Carbonate Coating Buffer 

1.6g 

2.9gNaHC03 

4.2gNaCl 

volume to 1000ml 

Weigh out cne:mH~alS and dissolve in 900ml of ddH20. Adjust pH to 9.5 with 1M Citric 

Acid. Bring 

Corporation, J..,I"\.l.J.V! 

volume to 1 OOOml and filter a 0.22JlM filter (Millipore 

USA) and store at 4°C. 

ELISA Blocking Buffer 

20g Powder Milk 

O.2g NaN3 

Weigh out chemicals and dissolve in 900ml of 1 

1000ml and store at 

ELISA Dilution "" .. ,rn'" 

lOgBSA 

0.2gNaN3 

Weigh out chemicals 

1000ml and store at 

dissolve in 900ml of 1 X 

ELISA Washing (20 

20gKCL 

20g KH2HP04.2H20 

800gNaCI 

50mI Tween-20 

lOOmllO% NaN3 

the final volume to 

volume to 
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Weigh out chemicals and dissolve in 4500ml double distilled water (ddH20). Add 50ml 


of Tween-20 and 100ml of 10% NaN3. Bring final volume to 5000ml and store at room 


temperature. Dilute 1:20 in ddH20 for a 1 X working concentration buffer. 


ELISA Substrate Buffer (for alkaline phosphatase conjugates) 


0.2g NaN3 


97ml diethanolamine 


0.8g MgCb6H20 


Weigh out chemicals and dissolve in 700ml of ddH20. Add 97ml of liquefied 


diethanolamine and adjust pH to 9.8. Bring the final volume to 1000ml and store at 4°C. 


ELISA Substrate Buffer (for horseradish peroxidase conjugates) 


TMB Peroxidase Substrate Solution A «KPL, Maryland, USA) 


Peroxidase Substrate Solution B (KPL, Maryland, USA) 


IMH3P04 


Just before use, mix equal volumes of TMB Peroxidase Substrate (Solution A) with 


Peroxidase Substrate Solution B. Add 50 ....1 per well and let the reaction develop at room 


temperature for 5 minutes. Stop the reaction by adding 50 ....1of 1M H3P04. 


223 

Weigh out chemicals and dissolve in 4500ml double distilled water (ddH20). Add 50m} 

Tween-20 and 100ml of 10% NaN3. Bring volume to 5000ml and store at room 

temperature. Dilute 1:20 in ddH20 for a 1 X working concentration buffer. 

"" .... /.lLU'.'" Substrate Buffer (for alkaline phosphatase conjugates) 

O.2g NaN3 

97ml diethanolamine 

0.8g MgCh,6H20 

Weigh out chemicals and dissolve 700ml of ddH20. Add 97ml of liquefied 

diethanolamine and adjust to 9.8. Bring the final volume to 1000mi and store at 4°C. 

ELISA Substrate Buffer (for horseradish peroxidase conjugates) 

TMB Peroxidase Substrate Solution A «KPL, Maryland, USA) 

Peroxidase Substrate Solution B (KPL, Maryland, USA) 

IMH3P04 

Just before use, mix equal volumes of TMB Peroxidase Substrate (Solution A) with 

Peroxidase Substrate Solution B. Add 50111 per and the develop at room 

temperature for 5 minutes. Stop the reaction by adding 50J.ll of 1M H3P04. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

REAGENTS AND SUPPLIERS: 


Reagent or Kit Supplier 

3,3',5,5'-tetramethylbenzidine (TMB) KPL, Maryland, USA 

alkaline phosphatase labeled anti-mouse 
IgGl 

Southern Biotechnology, Binningham, AL 

alkaline phosphatase labeled anti-mouse 
IgG2a 

Southern Biotechnology, Birmingham, AL 

alkaline phosphatase labeled anti-mouse 
IgG2b 

Southern Biotechnology, Birmingham, AL 

alkaline phosphatase labeled anti-mouse 
IgG3 

Southern Biotechnology, Birmingham, AL 

alkaline phosphatase labeled anti-mouse 
IgM, 

Southern Biotechnology, Birmingham, AL 

Bovine Serum Albumin (fraction V) Roche Diagnostics GmbH, Mannheim, Germany 

calcium chloride BDH Chemicals Ltd., Poole, England 

diethanolamine Merck Laboratory Supplies, South Africa 

dNTPs(lOO~ Promega, Madison, WI, USA 

EDTA BDH Chemicals Ltd., Poole, England 

eosin stain Sigma-Aldrich, Munich, Germany 

Fat free milk powder (Spar House Brand) Spar Grocery Store Franchise, South Africa 

Fetal Calf Serum (FCS) Gibco, Invitrogen Corporation, Carlsbad, CA, USA 

Formaldehyde BDH Chemicals Ltd., Poole, England 

Glucose BDH Chemicals Ltd., Poole, England 

Glycerol BDH Chemicals Ltd., Poole, England 

hematoxylin stain Sigma-Aldrich, Munich, Germany 

IFN-y Biotinylated antibody BD Pharmigen, BD Biosciences, San Jose, CA, USA 

IFN-y Coating antibody BD Pharmigen, BD Biosciences, San Jose, CA, USA 

IFN-y Recombinant Protein Standard BD Pharmigen, BD Biosciences, San Jose, CA, USA 

IL-IO Biotinylated antibody IL-IO from R&D Systems (Abingdon, UK) 

IL-IO Coating antibody IL-IO from R&D Systems (Abingdon, UK) 

IL-IO Recombinant Protein Standard IL-IO from R&D Systems (Abingdon, UK) 

IL-12p35 Biotinylated antibody BD Pharmigen, BD Biosciences, San Jose, CA, USA 

IL-12p35 Coating antibody BD Pharmigen, BD Biosciences, San Jose, CA, USA 

IL-12p35 Recombinant Protein Standard IBD Pharmigen, BD Biosciences, San Jose, CA, USA 

IL12p40 Biotinylated antibody BD Pharmigen, BD Biosciences, San Jose, CA, USA 

IL 12p40 Coating antibody IBD Pharmigen, BD Biosciences, San Jose, CA, USA 

IL12p40 Recombinant Protein Standard BD Pharmigen, BD Biosciences, San Jose, CA, USA 

IL-18 Biotinylated antibody BD Pharmigen, BD Biosciences, San Jose, CA, USA 

IL-18 Coating antibody BD Pharmigen, BD Biosciences, San Jose, CA, USA 

IL-18 Recombinant Protein Standard BD Pharmigen, BD Biosciences, San Jose, CA, USA 

, 
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Reagent or Kit Supplier 

4-nitrophenylphosphate, disodium salt 
hexahydrate 

Fluka, Geneva, Switzerland 

Aspartate Transaminase Assay (AST) Sigma-Aldrich, Munich, Germany 

Bicinchoninic Acid (BCA) protein assay 
kit 

Pierce, Rockford, IL, USA 

DEAE-Sephadex anion-exchange DE52 
columns 

Whatman, Maidstone, England 

F4/80 biotinylated antibody (BMA Biomedicals, Switzerland) 

Fluoromount DAKO, Carpinteria, CA 

IL-TNF Biotinylated antibody BD Pharmigen, BD Biosciences, San Jose, CA, USA 

IL-TNF Coating antibody BD Pharmigen, BD Biosciences, San Jose, CA, USA 

IL-TNF Recombinant Protein Standard BD Pharmigen, BD Biosciences, San Jose, CA, USA 

iNOS biotinylated antibody gift from Prof. B. Ryffel, University of Orleans, 
Centre National de la Recherche Scientifique 
UMR6218, Molecular Immunology and Embryology, 
France. 

magnesium chloride BDH Chemicals Ltd., Poole, England 

n-l-napthylethylenediamide Sigma-Aldrich, Munich, Germany 

normal rat serum BD Pharmigen, BD Biosciences, San Jose, CA, USA 

Oligonucleotide Primers DNA Synthesis Laboratory, Dept. Molecular and 
Cellular Biology, University of Cape Town , South 
Africa 

Peroxidase Substrate (Solution B) KPL, Maryland, USA 

potassium chloride BDH Chemicals Ltd., Poole, England 
potassium dihydrogen phosphate BDH Chemicals Ltd., Poole, England 

Proteinase K Roche Diagnostics GmbH, Mannheim, Germany 

RPMI Medium 1640 for Cell Culture Gibco, Invitrogen Corporation, Carlsbad, CA, USA 

sodium acetate BDH Chemicals Ltd., Poole, England 

Sodium Azide BDH Chemicals Ltd., Poole, England 

sodium bicarbonate BDH Chemicals Ltd., Poole, England 

Sodium Chloride BDH Chemicals Ltd., Poole, England 

sodium citrate BDH Chemicals Ltd., Poole, England 
Sodium dehydrogenate phosphate BDH Chemicals Ltd., Poole, England 

Sodium Dodecyl Sulfate (SDS), 10% BDH Chemicals Ltd., Poole, England 

Sodium hydrogen phosphate BDH Chemicals Ltd., Poole, England 

step avidin-alkaline-phosphatase BD Pharmigen, BD Biosciences, San Jose, CA, USA 

Texas Red Abcam, Cambridge, UK 
TMB Peroxidase Substrate (Solution A) KPL, Maryland, USA 

TRIS-HCI BDH Chemicals Ltd., Poole, England 

~-mercaptoethanol Sigma-Aldrich, Munich, Germany 
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ABSTRACT 

African trypanosomiasis encompasses diseases caused by pathogenic trypanosomes, 

infecting both humans and animals. Here, we dissected the possible role of members of 

the IL-12 family during infection with Trypanosoma brucei brucei and Trypanosoma 

evansi in mice. Interleukin-12p3S-I
-, IL-12p40-1

- or IL-12p3S-I-/p40-1- mice were 

susceptible to both pathogens, demonstrated by increased mortality compared to wild 

type CS7/B1I6 mice. The different IL-12p70-1
- mouse strains showed similar mortality 

kinetics, suggesting that IL-12p70 but not the IL-12p80 homodimer or IL-23 plays a 

crucial role in survival. While plasma levels of IgM and IgG2a were similar between IL­

12 deficient mice and wild type mice, IFN-yproduction, especially during early infection, 

was severely impaired in all IL-12p70-1
- mouse strains, demonstrating an IL-12p70­

dependent mechanism for IFN-y production. As IFN-yK/- mice were also highly 

susceptible to both trypanosoma species, IL-12p 7 O-dependent IFN -y production seems to 

be the important mechanism involved in resistance against both pathogens. 

Keywords: Trypanosomiasis, Immunology, Knock-out mIce, Cytokines, Antibodies. 
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African trypanosomiasis encompasses caused by pathogenic trypanosomes, 

both humans and animals. Here, we OlsSeCtea the possible of members of 

the IL-12 during infection Trypanosoma brocei and Trypanosoma 

evansi in mIce. 2p35-1-, IL-12p40-1
- or IL-12p3S-I-/p40-1- mice were 

susceptible to both demonstrated by increased mortality compared to wild 

type C57/B1I6 The different 12p70-1- mouse strains showed similar mortality 

suggesting 12p70 but not the IL-12p80 homodimer or IL-23 plays a 

crucial survival. While Pi",,,U",, levels of IgM IgG2a were ""UAJlUUA between IL-

12 deficient mice wild type mice, IFN-'Yproduction, especially during early infection, 

was impaired all IL-12p70-1
- mouse strains, demonstrating an IL-12p70-

dependent mechanism for IFN -'Y production. As mice were highly 

susceptible to both trypanosoma species, IL-12p70-dependent production seems to 

be important mechanism involved in resistance both pathogens. 

Keywords: Trypanosomiasis, Immunology, Knock-out Cytokines, Antibodies. 
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INTRODUCTION 

Trypanosomes are unicellular eukaryotic parasites that replicate freely in the bloodstream 

of a mammalian host, ultimately resulting in sleeping sickness in humans, Nagana in 

cattle (Trypanosoma brucei brucei) or Surra (T evansi) in various other animals [1]. 

Trypanosomes regulate and escape the host's B- and T-cell responses. Foremost is 

antigenic variation whereby the surface coat of the trypanosome consisting of variant 

surface glycoprotein (VSG) is regularly replaced, thus continually evading the host's 

immune response [2] [3]. Upon infection, the host responds with a rapid B-cell activation 

which has been found to be important for clearance of parasites from within vascular 

regions [4, 5]. Furthermore a rapid Th1 response is initiated [6] [7] [8] [9], with the 

characteristic production of IL-12 and IFN-y [10]. Results from I.M. Mansfield et al. 

have suggested that the initiation of a polarized VSG-specific Th 1 cellular response is 

dependent on the presence ofIL-12 and IL-18 [II]. 

The IL-12p70 molecule is a heterodimeric protein comprised of two glycosylated 

subunits of p35 and p40 kDa [12] [13]. The p40 subunits also form homodimers (IL­

12p80),and may act antagonistically to the functioning of IL-12 by blocking signal 

transduction via the receptor [14]. However, IL-12p80 homodimer may also act in an 

agonistic manner to IL-12 in its ability to induce cell-mediated Thl immune responses 

[15] [16]. In addition to forming p35/p40 and p80 dimers, the p40 subunit also binds to 

p19, forming IL-23 [17]. The IL-12p80 homodimer also acts as an antagonist in IL-23 

signaling [14]. 
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Studies using IL-12 deficient mIce In severe infectious disease models, such as 

toxoplasmosis [18], listeriosis [19], leishmaniasis [20J, Chagas' disease [21] and 

tuberculosis [16], have found that IL-12 independent IFN-y can be produced resulting in 

residual resistance. Interferon-y which plays a central role in resistance to 

trypanosomiasis is produced primarily by activated Thl cells which in tum induces 

macrophages to release trypanocidal molecules including reactive oxygen intermediates, 

reactive nitrogen intermediates and TNF [8] [22] [7] [23]. Mice lacking TNF have 

displayed reduced ability to control parasite load in the vascular compartment [24]. 

In this comparative infection study using T. b. brucei and T. evansi infection models, the 

IL-12 family, namely; IL-12p70, IL-12p80 homodimer and IL-23 were examined using 

IL-12p35, IL-12p40 and IL-12p35/p40 deficient mice. The data obtained suggests that 

IL-12p70 but not IL-12p80 homodimer or IL-23 was necessary for resistance against both 

T. brucei and T. evansi parasites. Interleukin-12 deletion resulted in impaired IFN-y 

production necessary for parasitemia control and survival. 

MATERIALS AND METHODS 

Mice. 

Interleukin-12p35-1
- [20] and IL-12p40·1• [25] on a 129Sv/Ev background, backcrossed 

five times to C57BLl6; IFN-yR"/- 129Sv/Ev [26], C57B1I6 and 129Sv/Ev mice were 

maintained under SPF conditions. For the generation of homozygous double-deficient 

mice, IL-12p3y /- and IL-12p40·1• mice were intercrossed and genotyped by PCR [20] 

[25]. Experiments were performed within the guidelines of the Animal Research Ethics 

Board of the University of Cape Town (South Africa) (Animal ethics approval number: 

005/041). 
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Parasites. 

no.: 

T. b. brucei AnTat 1. 

110297) was vv •• ,uu~,u 

Infection & parasitemia. 

and T. evansi (Code: Stock 

Institute of Tropical Medicine (lTG), 

were infected intraperitoneally with 5 x 103 parasites for T. b. 

for T. evansi. Blood 

(Highveld JJIUIUJ;!.l""U, 

enumeration was obtained, diluted 11200 in 

South Africa) and counted under a light 

mllCrOSC(me (Nikon, .'-' ...... 'LV.V 

Cytokine ELISAs. 

plasma was 

• U\)' • .u .... "auv'"'' Plasma and ".al.1U"'" 

as 

were serially diluted three-

[27] with 

respectively . 

U''''''-lU''''''''. coating and biotinylated antibodies for TNF-o: and IFN-y PharMingen, 

were used. PharMingen) and 

, ,5,5-tetramethylbenzidine 

lopmf~nt. respectively. 

Maryland, USA) were 

for both IFN-y 

Quantification of anti-VSG plasma titres. 

antibody titres were 

[28]. 

Graph and statistical analysis. 

detection and 

was 16pg/mL 

as described 
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Data are expressed as the means of individual determinations and SD with statistical 

analysis performed using the unpaired Student's t-test for ELISA's. Mortality data 

showed at least one IL-12 deficient group to be significantly increased compared to wild 

types using Kaplan-Meier with log rank test per experiment and were thus pooled 

increasing the number of mice per group. Analysis between wild type groups of repeat 

experiments using one-way ANOVA with Dunnett as the post test found that parasitemia 

was not significantly different and was thus pooled. Parasitemia at each time point was 

analyzed using one-way ANOVA with Dunnett as post test comparing deficient mice to 

wild type controls. 

RESULTS 

Interleukin-12p3SI-/p4tr-, IL-12p4ffl - and IL-12p3s1- mice infected with T. b. brucei 

and T. evansi are susceptible with reduced survival. 

In order to determine the role of IL-12p70 (p35/p40), IL-23 (p19/p40) and IL-12p80 

homodimer during infection with trypanosomiasis, mice deficient in either one or both 

p35 and p40 genes were infected with T. b. brucei and T. evansi and monitored for 

survival (Table 1). Survival time of T. b. brucei and T. evansi-infected mice was 

significantly decreased in all deficient mice compared to infected wild type controls. No 

mortality differences were observed between the different deficient groups. 

A specific role for IL-12 in the control of parasitemia in T. b. brucei during the 

chronic stages ofdisease. 

The first parasitemia peak (day's 5-8 post infection, depending on the Trypanosoma 

strain) was similar in all three p35 and p40 deficient mice infected with T. b. brucei or T. 

evansi and wild type controls (Figure 1; A and B). However the rate of clearance of the 
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deficient mice compared to wild type 

mIce Intc~ctf:d with T. b. by 4 to 8 at 7 post infection (p<0.05) (Figure 

lA). 

was Second peak and subsequent parasite 

infection with up to 100-fold InCreased .... a.·"""'t,,, 

to wild types. No significant differences 

deficient strains were observed. 

during T. b. brucei 

ae11Clem mice compared 

the different IL-12 

In T. evansi infection wild type at 12, 36 

forming several waves of parasitemia as apposed to all failed 

to reduce parasite burden (Figure IB). No "'~~U""J''''UJ''' dltti~re:nc~~s were "' .... ,,"',.,.1&>'" between 

the IL-12 deficient strains. In contrast to T. b. of parasitemia 

control correlated with mortality in IL-12 ........ ,."'."' ... 

fJ<U""""'''' burden during infection both wild type 12 .......... "'."' ... 

nt&J'l!'t&J'l!'n,,_'V and TNF are differentially 

Trypanosoma species. 

repulatel1 by 

showed a 

on the 

Interferon-yand TNF playa role in resistance and parasitemia control [22] [29] with 

a promoter of IFN-'Y production [30]. Plasma was taken during 

peak at days 6 and 8, and post 2nd parasitemia peak at days 20 and day 

T. b. brucei and T. evansi (Figure 2). Both Trypanosoma sp. induced "",,,r,,,...., 

production wild type mice, with a few days delay T. 

b. infection IL-12 deficient mice resulted in a LU"', ........ ," 
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of IFN-y (p<0.05) and TNF (p<0.01) production (Figure 2; A and B) with similar 

residual low levels in all IL-12 deficient strains observed. 

Trypanosoma evansi infection in IL-12 deficient mice also resulted in impaired IFN-y 

responses as seen in T. b. brucei infection (Figure 2C). In contrast to T. b. brucei 

infection, T. evansi infected IL-12 deficient mouse strains produced substantial amounts 

ofTNF with only a slight reduction observed (Figure 2D). 

Interleukin-12 deficient mice have unimpaired IgG2a and IgM antibody titres 

compared to wild type mice in response to infection with trypanosomiasis. 

Anti-VSG antibody responses are important in parasitemia control and survival; and were 

thus tested in IL-12 deficient mice (Figure 3). In T. b. brucei, IgG2a levels were similar 

between wild type and IL-12 deficient mice at day 6 (Figure 3A) and 20 (Figure 3B) post 

infection. In T. evansi, IgM levels at either the 1 st peak (Figure 3C) or during the chronic 

stages (Figure 3D) were similar in IL-12 deficient and wild type mice. 

Interferon-yproduction is crucialfor resistance to trypanosomiasis. 

Reduced survival was observed in IFN-yR (129Sv/Ev) deficient mice compared to wild 

type (129Sv/Ev) mice in both Trypanosoma strains with mean mortalities of 16 vs. 41 

days (p<0.001) in T. b. brucei (Figure 4A), IS vs. 27 days (p<0.001) in T. evansi (Figure 

4C), respectively. Interferon-yR deficient mice in T. b. brucei infection were unable to 

sufficiently clear the first parasitemia wave and died shortly thereafter (Figure 4B), 

associated with a greater than 10 fold increase in parasitemia from day 9 post infection 

until mortality (p<0.05) compared to wild type controls. The T. b. brucei results obtained 

are similar to those in T. b. rhodesiense infected C57B1I6 wild type and C57B1I6 IFN-y 
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Reduced survival was observed in IFN-yR (129Sv/Ev) deficient mice compared to wild 

type (129Sv/Ev) mice in both Trypanosoma strains with mean mortalities of 16 vs. 

days (p<0.001) in T. b. brucei (Figure 4A), 15 vs. 27 days (p<0.001) in T. evansi (Figure 

4C), respectively. Interferon-yR deficient mice in T. b. brucei InJectIOn were to 
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deficient mice indicating no major differences between 129Sv/Ev or C57Bl/6 genetic 

background [22]. Interestingly, T. evansi infection resulted in high parasitemia in both 

wild type and IFN-yR deficient strains (Figure 4D). 

DISCUSSION 

Interleukin-12p3S·I-/p40-1
-, IL-12p40-1

- and IL-12p3S-I
- mouse strains showed significantly 

reduced survival compared to wild type controls in both T. b. brucei and T. evansi 

infections. This outcome is in agreement with previous results showing an association 

with lower IL-12p70 levels in susceptible wild type mouse strains during the initial stages 

of infection compared to more resistant strains [22]. Between the three IL-12 deficient 

mouse strains no differences in survival rates were observed suggesting that IL-12p70 is 

the main protective factor for survival with no major contribution from other IL-12 

family members, namely IL-23 or the IL-12p80 homodimer. Interleukin-12 deficient 

mice survived several trypanosome waves; therefore residual protection occurs and may 

imply that IL-12 plays a more striking role during the established disease. As IFN-y is an 

important factor for survival, shown in T. b. brucei [22], we determined IFN-y plasma 

levels during infection. In wild type mice IFN-y was present during the first parasite wave 

with striking reduced IFN-y in all IL-12 deficient mouse strains. These results also 

demonstrate that residual IL-12-independent IFN-yproduction is induced during infection 

by both trypanosome strains. Therefore, the observed limited Type 1 response allowed 

residual protective immunity. Interleukin-12 independent induction of IFN-y may also 

include a direct stimulus by either trypanosome species. Trypanosome derived 

lymphocyte triggering factor (TLTF) has been found to induce the production of IFN-y 

by binding to CD8+ cells in T. b. brucei [31] and T. evansi [32] infections and therefore 

may have contributed to residual resistance in the absence of IL-12. In addition, work 
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describing IL-12-independent IFN-y production with residual Thl responses have been 

demonstrated by us and others during Listeria monocytogenes [19], Mycobacterium BeG 

[16] and Leishmania major [20] infections. Furthennore, to evaluate the possible 

contribution of IFN-y to resistance, IFN-yR deficient mice were infected, which died 

shortly after the first parasite wave. Although the IFN-yR deficient mice used here were 

on a different genetic background compared to IL-12 deficient mice these results are in 

line with the conclusions of Hertz et al., 1998 using IFN-y deficient mice on a C57B1I6 

background. These results clearly highlight the crucial importance of IFN-y 

responsiveness during acute infection with T. b. brucei or T. evansi. 

Although IL-12 deficient mice did have significantly reduced rates of parasitemia 

clearance after the 1st peak compared to wild type mice, ultimately the IL-12 deficient 

mice were as effective in clearance of the 1st peak as control mice. Interferon-y and TNF 

cytokine levels in all groups of IL-12 deficient mice were significantly attenuated during 

the initial parasitemic peak. Together, with the observation of a drastically reduced 

capacity to control parasitemia in infected IFN-yR and TNF deficient mice [24] during 

this period, the low plasma concentrations of these two cytokines in IL-12 deficient mice 

are still effective for initial parasitemia control. These results further suggest that IL-12 

plays a more dominant role in parasitemia control after the 2nd peak for optimal 

promotion of TNF and IFN-y production. Tumor necrosis factor has been found to have 

dual effects in T. b. bruce; infections, such as trypanolytic effects [29, 33] reducing 

parasite burden in case of T. b. brucei AnTat 1.1 infections [24, 34, 35] and causing 

immunopathological effects in the host [24]. Although TNF was reduced in IL-12 

deficient mice no decrease in pathology was detected in spleen and liver sections in T. b. 

bruce; or T. evansi (data not shown). Additionally, B-ce11 responses are necessary for the 
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elimination of vascular bound parasites, in particular IgM and IgG2a are quoted as the 

main antibodies necessary for clearance in T. b. brucei (Magez et aI., manuscript in 

preparation) [4]. Both VSG specific antibodies in IL-12 deficient mice were present in 

plasma but at moderately reduced levels compared to wild type mice and thus may not be 

the overall mechanism of increased parasite burden. Thus the role of IL-12 in T. b. brucei 

seems to be limited to the more chronic stage of disease and in promoting the production 

ofTNF and IFN -y necessary to control parasitemia. 

Natural killer cells are thought to be necessary for resistance during the initial infection 

which are activated by both IL-12 and IL-18 [36] and thus IL-18 may effectively drive 

the Thl response in the absence of IL-12. Furthermore a recent paper by Drennan et aI., 

2005 found MyD88 signaling to be crucial for resistance, with a role for TLR9 in this 

immune pathway [37]. The TLR9 and IL-12 deficient mice share many phenotypic 

characteristics in their response to T. b. brucei infection, including; effective 1st peak 

parasitemia control but increased parasitemia during the chronic stages, reduced IFN-y 

production but normal IgG2a responses during the chronic stages of disease compared to 

wild type mice. Bone marrow-derived macrophages from TLR9 deficient mice also 

displayed severely reduced TNF and IL-12p40 in response to T. b. brucei genomic DNA. 

Therefore, IL-12 may be involved in the immunological pathway whereby TLR9 present 

on macrophages respond to T. b. brucei genomic DNA released following the 1 st peak of 

parasitemia and upon IL-12 secretion stimulate PBMes to secrete IFN-y. With the 

presence of TLR9 on B cells a role for IL-12 here may also be considered. However with 

only a slight reduction in IgG2a responses during the chronic stages as reported in this 

paper as well as in the paper by Drennan et aI., 2005, it is more likely that other factors 

playa more significant role in proliferation and differentiation of these cells. In contrast 
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to IL-12 deficient mice, TLR 9 deficient mice produce more IFN-y during the chronic 

stages of T. h. brucei infection. Reduced IFN-y production may explain the increased 

susceptibility in IL-12 deficient mice compared to TLR9 deficient mice which showed 

similar resistance as wild type mice. The fun~tion of IL-12 may thus be to link: TLR9 

signaling in macrophages during the chronic stage of T. h. brucei infection and the up-

regulation of IFN-y secretion in PBMCs necessary for effective parasitemia control and 

survivaL 

The parasitemia of wild type mice infected with T. evansi differed to that of T. b. brucei. 

Trypanosoma evansi infection in wild type mice showed severe inability to efficiently 

clear parasitemia waves, deteriorating after each successive wave, suggesting a 

progressive erosion of immune control. Interleukin-12 deficient mice infected with T. 

evansi were unable to reduce parasitemia compared to wild type mice. However, later 

during infection, no differences between IL-12 deficient and wild type mice were found. 

This suggests a role for IL-12p70 signaling for early parasitemia control. During the 

initial and late time points examined, plasma levels of IFN-y were severely reduced but, 

in contrast to T. b. brucei, only moderately lower for TNF. Trypanosoma evansi infected 

IFN-yR deficient mice were highly susceptible and were unable to clear the 1st 

parasitemic peak and rapidly died thereafter. This clearly demonstrates the importance of 

IFN-y, although a direct comparison with IL-12 deficient mice is hampered by the 

difference in the genetic background of the deficient strains and mortality of wild type 

controls in T. evansi infection. Tumor necrosis factor was not severely reduced in IL-12 

deficient mice and has been found not to be important in survival or parasitemia control 

[38]. In terms of anti-VSG B-cell responses, it has been recently shown that IgM is 

crucial for parasitemia control and survival [39]. However we found no obvious 
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differences between wild type and IL-12 deficient mouse strains. Therefore the 

mechanism of impaired parasitemia control in T. evansi infection is dependent on IL-12 

with a possible role for IFN-y as found in the T. b. brucei infection. 

A comparison between the results from the C57B1/6 IFN-y deficient mice obtained by 

Baral et aI., [39], and the results from the 129Sv/Ev IFN-yR deficient mice presented in 

this paper show opposing results. This difference could be due to the emergence of a 

more virulent strain in our experiments as the T. evansi parasites used are non-clonal field 

stabilates and have been passaged for stock maintenance. In addition the SPF conditions 

at our facilities may exclude concurrent infections that may independently initiate an IL­

12 driven Thl response necessary for optimal resistance. These effects, although 

untested, adds impetus for further investigation into the immunology of T. evansi. 

In conclusion the data presented in this paper showed that IL-12p70 but not the IL-12p80 

homodimer or IL-23 is necessary for optimal resistance to T. evansi and T. b. brucei 

infection in terms of mortality and parasitemia control. The resistance attributed to IL-12 

is mediated through IFN-y, the production of which was significantly decreased in the 

absence of IL-12. Furthermore a role for IL-12 in parasitemia control during the chronic 

stage of T. b. brucei infection was shown where the presence of IL-12 is needed for 

optimal TNF and IFN-yproduction reducing parasitemia burden. 
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Table I. Interleukin-12 deficient mice infected with T. b. brucei and T. evansi show 

increased mortality compared to wild type mice. 

Parasite Strain Mean No. of p value 

• a
speCIes survival (SD) mice/groupb compared to Wild 

Type micec 

T b. brucei 

Wild Type 40.6±8.8 29 

IL-12p35-1-/p40-1- 35.1±6.4 15 p < 0.05 

IL-12p40-1- 32.0 ±3.7 15 p < 0.0001 

IL-12p35-1- 33.3 ±4.2 15 p < 0.001 

T evansi 

Wild Type 47.0±24.1 33 

IL-12p3y/-/p40-1- 31.4± 14.3 35 p < 0.001 

IL-12p40-1- 31.1±13.1 21 p < 0.001 

IL-12p35-1- 30.3 ±20.6 34 p < 0.01 

a Mice were infected with 5x103 trypanosomes T. b. brucei and lx103 trypanosomes T. evansi 


intraperitoneally and monitored daily for survival. 


b Three independent experiments were combined. 


C Tests for significance were performed using the Kaplan-Meier test. 

Figure 1. Parasitemia profiles of T b. brucei (A), and T evansi (B) infected wild type 

(_), IL-12p3y /-/p40-1- (D), IL-12p40-1- (~), and IL-12p35-1- (0) mice. Mice were 
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infected intraperitoneally with Sxl03 T. b. brucei trypanosomes and lxl03 T. evansi 

trypanosomes with a lower detection limit of infected mice of 2.7x105 and 4.0x105 

parasites/ml, respectively. Data points are the mean from 2-3 pooled experiments of 10­

I? individual mice per group. Inferred data points appearing below the detection limit are 

denoted as; <po The x-axis of (B) has been cropped from 100 days to 6S days to show 

detail. Statistical significance between infected wild type and IL-12 deficient mice at each 

time point was determined by one-way ANOVA (Dunnett post test) and are indicated by; 

*,p < O.OS, and **,p < 0.01. 

Figure 2. Interferon-y and TNF plasma levels were measured by ELISA in wild type 

(Filled bars), IL-12p3S-I-/p40-1- (Open bars), IL-12p40-1- (Striped bars) and IL-12p3S-I­

(Hatched bars) mice infected with T. b. brucei (A and B), and T. evansi (C and D). 

Results are representative of two independent experiments; however TNF levels in IL­

12p40 deficient mice were not consistently significantly reduced. Data expressed as 

means (±SEM) from 2-3 individual mice. Statistical significance determined by unpaired 

Student's t-test are indicated by; *,p < O.OS or **, p < 0.01. 

Figure 3. Immunoglobulin G2a and IgM plasma antibody titres from T. brucei (Day 6 

(A) and day 20 (B)) and T. evansi (Day 8 (C) and day 28 (D)) infected CS7BLl6 (wild 

type) (_), CS7BLl6 IL-12p3S-I
• (<», CS7BLl6 IL-12p40-1

- (.6.) and CS7BLl6 IL-12p3S-I
­

p40-1
- (0) mice. Pre-immune plasma was used as a non-infected control (e). Data points 

represent mean and SEM from plasma of 2-3 individual mice. 

Figure 4. Survival and parasitemia profiles of wild type (_) and IFN-yR deficient (0) 

mice infected with T. b. brucei (A, B) and T. evansi (C, D). Mice were infected 
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12p40 deficient mice were not consistently significantly reduced. Data expressed as 
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Figure 3. Immunoglobulin G2a and IgM plasma antibody titres from T brucei (Day 6 

(A) and day 20 (B» and T evansi (Day 8 (C) and day 28 (D) infected C57BLl6 (wild 

type) (a), C57BLl6 IL-12p35-1
- (<», C57BLl6 IL-12p40-1

- (6) and C57BLl6 IL-12p3S-I
-

p40-1
- (D) mice. Pre-immune plasma was used as a non-infected control (e). Data points 

represent mean and SEM from plasma of 2-3 individual mice. 

Figure 4. Survival and parasitemia profiles of wild type (a) and IFN-yR deficient (D) 

mice infected with T b. brucei (A, B) and T evansi (C, D). Mice were infected 
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intraperitoneally with 5x103 T. b. brucei trypanosomes (n=ll wild type and 12 deficient 

mice) and lxl03 T. evansi trypanosomes (n=14 wild type and 17 deficient mice) per 

mouse. Parasitemia detection limit for T. b. brucei is 4.4x105 and 1.0x106 parasites/ml for 

T. evansi. Mortality and parasitemia data were pooled from two independent experiments 

with 4-5 mice per group used for parasitemia measurement for either experiment. Inferred 

data points appearing below the detection limit are denoted as; <po The Kaplan-Meier test 

for mortality and for parasitemia the unpaired Student's t-test was used; *,p < 0.05. 
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ABSTRACT 

To detennine the immunological role of IL-12 family members in T congolense 

infection, IL-12p3y/-, IL-12p40-1- and IL-12p3y/-/p40-1- mice were used. While the two 

latter strains lack all IL-12 homologues, IL-12p35-1- mice still produce IL-12p80 

homodimers and IL-23. Compared to wild type mice, all infected IL-12 deficient mouse 

strains showed prolonged survival, while parasitemia levels were unaltered. Interferon-y 

production in IL-12 deficient mice was strikingly reduced during the acute and chronic 

infection stages, coinciding with significantly reduced chronic stage hepatocellular 

damage, demonstrated by histological analysis and plasma AST measurements. In 

contrast, IL-IO production was not affected by the absence of IL-12. Together, these 

results show that during T congolense infection, the absence of IL-12, but not the IL­

12p80 homodimer or IL-23, leads to a reduction of IFN-y production, which reduces 

hepatic pathology and improves host survival in conjunction with IL-IO without 

negatively affecting parasitemia control. 

Keywords: Trypanosomiasis, Immunology, Gene-deficient mice, Cytokines. 
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INTRODUCTION 

Trypanosomes are unicellular eukaryotic parasites that infect humans as well as a wide 

range of other mammals. While human 'sleeping sickness' is caused by the T. brucei sub­

species T. b. rhodesiense and T. b. gambiense, the disease in cattle 'Nagana' is mainly 

caused by T. congolense. In contrast to T. b. brucei and T. evansi [1], T. congolense is 

strictly an intravascular blood parasite [2]. Several parasite defense mechanisms exist of 

which the most significant is antigenic variation, enabling trypanosomes to continually 

evade the hosts' immune response [3]. In T. congolense infection, both an antibody and a 

cellular mediated immune response are necessary for optimal host protection. Indeed, 

phagocytosis of opsonized trypanosomes by macrophages and Kupffer cells of the liver, 

mediated by both IgM and IgG antibodies, is considered as the main parasite clearing 

mechanism [4]. Subsequently, the release of inflammatory cytokines occurs in order to 

drive a rapid host-anti-parasite response. 

Using a compendium of various gene deficient mice we illustrated the requirement for a 

Thl response for effective control of the acute phase of T. congolense infection [5]. 

Here, interferon-y (IFN-y) signaling was shown to be necessary for the upregulation of 

inducible nitric oxide synthase (iNOS) and tumor necrosis factor (TNF) production, both 

required for prolonged survival and parasitemia control [5] [6] [7]. On the other hand, 

interleukin-lO (IL-l 0) has been shown to be necessary to limit the pro-inflammatory IFN­

yresponse [8] which was implicated in trypanosomiasis-associated liver pathology [9]. 

The establishment of a Thl immune response during T. congolense infection focuses 

attention onto the role of interleukin-12 (IL-12) [10] [11]. The IL-12 molecule is a 

heterodimeric protein comprised of two subunits of 35 and 40 kDa [12]. Interleukin-23, 

which shares the p40 subunit, is able to promote a T cell subset that is distinct to that of 

IL-12 [13]. Homodimers (IL-12p80) also form from the p40 subunits, and may act 
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mechanism [4]. Subsequently, the release of inflammatory cytokines occurs to 

drive a rapid host-anti-parasite response. 

Thl 

a COl1npenOl of various gene deficient mice we illustrated the 

effective control of the acute phase of T. congolense 11"1t',P{'t'U\1"I 

mt~erh~rolt1-Y (IFN-y) signaling was shown to be necessary for the upJreg.UUlltlOn 

a 

inducible oxide synthase (iNOS) and tumor necrosis factor (TNF) production, both 

required prolonged survival and parasitemia control [5] [6] [7]. On the hand, 

has been shown to be necessary to limit the 

y reSt)omse which was implicated in trypanosOlniasis-associated liver ",""UVLVF. Y 

a Thl immUlle response during T. congolense 111.1.''"'''''.'V11 AV,",,,,.,,,',,,,, 

attention onto the role of interleukin-12 (IL-12) [10] [11]. The mo!u~cuie is a 

l:1eterodlrnerlc IJjlVl'v.LU comprised of two subunits of 35 and 40 kDa 

which 

IL-

the p40 subUllit, is able to promote a T cell subset that is ..... """ .. '" 

Homodimers (IL-12p80) also form from the p40 ""u'",.uU"'. act 
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antagonistically to the functioning of IL-12 and IL-23 [14] [15], conversely agonist 

activity is also possible by its ability to induce cell-mediated Thl immune responses [16] 

[15]. 

In the present study the role of IL-12 and IL-23 together with IL-12p80 were examined 

using three IL-12 gene deficient mouse strains namely; IL-12p35, IL-12p40 and IL­

12p35/p40 in T. congolense infection Interleukin-12 but not IL-12p80 andlor IL-23 were 

necessary for optimal IFN-y and iNOS production. In contrast to previously reported 

results obtained with T. b. brucei and T. evansi infected IL-12 deficient mice [17], these 

mice showed increased survival when infected with T. congolense, albeit parasitemia 

control itself was comparable to wild type controls. From the data presented we conclude 

that IL-12, most likely through the action of IFN-y production, contributes to the 

formation of chronic stage pathological lesions in liver of T. congolense infected mice, 

hence negatively affecting the hosts' survival time. 

MATERIALS AND METHODS 

Mice 

Interleukin-12p35-1- [18] and IL-12p40-1
- [19] on a 129Sv/Ev background, backcrossed 

five times to C57BLl6 mice, were maintained under specific pathogen-free conditions. 

For the generation of homozygous double-deficient mice, IL-12p3S-I
- and IL-12p40-1

­

mice were intercrossed and genotyped by PCR [18] [19]. Experiments were performed in 

accordance with the guidelines of the Animal Research Ethics Board of the University of 

Cape Town (Cape Town, South Africa) (Animal ethics approval number: 005/041). 
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The clonal Tc13 antigen type of T. congolense was kindly provided by Dr. H Tabel from 


the University of Saskatchewan, Canada [20]. Trypanosome stabilates were maintained at 


-80°C and thawed for infection. 


Infection & parasitemia 


Each mouse was infected intraperitoneally with 1000 parasites from stabilate (lOO.uL per 


mouse). Blood for parasite enumeration was obtained, diluted 11200 in RPMI (10% FCS) 


(Highveld Biological, JHB, South Africa) and counted under a light microscope (Nikon, 


Randburg, South Africa). 


Cytokine ELISAs' 

Cytokines in plasma was measured by ELISA as described previously [21] with 

modifications. Blood plasma and cytokine standards were serially diluted three- and 

twofold, respectively. Cytokine standards, coating and biotinylated antibodies; TNF, IFN­

'Y (BD PharMingen, San Diego, CA) and IL-lO (R&D Systems, Abingdon, UK) were 

used. Streptavidin labeled horseradish peroxidase (BD PharMingen) and 3,3',5,5­

tetramethylbenzidine (KPL, Maryland, USA) were used for detection and development, 

respectively. Detection limit for IFN-y and TNF was 16pg/mL, and IL-IO was 63pg/mL. 

Hepatocellular damage was determined by the aspartate transaminase assay (AST) 

(Sigma, Aston Manor, SA). 

Anti-VSG plasma titres 

Plasma IgG2a and IgG3 antibody responses specific for trypanosome-derived antigens 

were determined as previously described [22]. 
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(Highveld Biological, JHB, South Africa) and counted under a light microscope (Nikon, 
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Cytokine ELISAs' 

Cytokines in plasma was measured by ELISA as described previously [21] with 

modifications. Blood plasma and cytokine standards were serially diluted three- and 

twofold, respectively. Cytokine coating biotinylated TNF, 

'Y (BD PharMingen, Diego, CA) and IL-lO (R&D Systems, Abingdon, UK) were 

used. labeled horseradish (BD PharMingen) and 

tetramethylbenzidine (KPL, Maryland, USA) were for detection development, 

Detection limit for IFN-y TNF was 16pg/mL, and IL-lO was 63pg/mL. 

Hepatocellular damage was detennined aspartate transaminase assay (AST) 

Aston H.1,...U". SA). 

Ann-VSG plasma titres 

Plasma IgG2a IgG3 antibody responses specific for trypanosome-derived antigens 

were detennined as previously described 
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Histopathology 

Organs were fixed in 4% buffered formalin and paraffin-embedded. Sections were stained 

with hematoxylin and eosin (H&E) and assessed by light microscopy (Nikon, Randburg, 

South Africa). Images were captured using the DXM1200 camera and ACT software 

(Nikon). 

Immunohistochemistry 

Sections of frozen tissue were attached to coated slides then air-dried and fixed. Slides 

were treated with primary antibody against iNOS (gift from Prof. B. Ryffel) after which 

secondary antibody coupled with FITC (BMA Biomedicals, Switzerland) was added. 

Sections were mounted in Fluoromount (DAKO, Carpinteria, CA) and assessed by 

immunofluorescence microscopy (Nikon). 

Graph and statistical analysis 

Data are expressed as the means of individual determinations and SEM. Statistical 

analysis was performed using the unpaired Student's t-test for ELISA's and for mortality 

Kaplan-Meier with log rank test was used. Mortality data showed similar trends between 

experiments and was thus pooled. Parasitemia between wild type and IL-12 deficient 

mouse strains was analyzed using one-way ANOVA (Dunnett post-test) at each time 

point measured. Parasitemia data showed similar trends between experiments and was 

thus pooled. 

RESULTS 
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Prolonged survival in Interleukin-12p3SI-lp40-l-, IL-12p4o-1- and IL-12p3s-t- mice 

infected with T. congolense. 

In previous trypanosomiasis studies, survival of IL-12p35-1-/p40-1-, IL-12p40-1- and IL­

12p35-1- mice was found to be decreased compared to wild type mice when infections 

were performed with T. b. brucei and T. evansi parasites [17]. Unexpectedly, mice 

deficient in either or both the p35/p40 subunits showed strikingly increased survival time 

compared to wild-type controls (p<0.0001) (Figure lA). Whereas the pooled mean 

survival time of wild-type mice was 97 days; IL-12p40, IL-12p35/p40 and IL-12p35 

deficient mice showed a mean survival time of 163, 155 and 150 days respectively. The 

slight mean survival time difference between the three IL-12 deficient mouse strains was 

not significant, as determined from two individual pooled experiments consisting of27 to 

37 mice per strain. 

Parasitemia control is independent ofIL-12 in T. congolense infection. 

Despite the significant role of IL-12 on host survival, no significant differences were 

found between the different strains of IL-12 deficient and wild type mice during 1 st peak 

parasitemia control, clearance and subsequent waves of parasitemia (Figure IB). In 

addition, no significant differences in anemia were found between IL-12 deficient and 

wild type mice (data not shown). 

Interleukin-12 is necessary for optimal production ofIFN-rin T. congolense infection 

at the 1st parasitemic peak. 

Both IFN-y and TNF are known to be necessary for the control of parasitemia and 

survival in T. congolense infection [5] [7] [6], thus their plasma cytokine levels were 

determined during the 1 st parasitemia peak at day 7 and at day 28 post infection (Figure 
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2). Infection induced strong systemic IFN-yand TNF production in wild type mice at 

day 7 post infection (Figure 2A and B). However, in all IL-12 deficient mouse strains, 

IFN-y (p<O.05) was significantly impaired at day 7 post infection. Levels of TNF were 

variable between the IL-12 deficient strains with moderately reduced responses compared 

to wild type controls at both days 7 and 28 post infection. At day 28 post infection, IFN-y 

was similarly present in both wild type and IL-12 deficient mouse strains, but at low 

levels. Plasma levels ofIL-lO were similar in both wild type and IL-12 deficient mice at 

day 28 post infection (Figure 2C). 

Similar IgG2a and IgG3 antibody titres were found between wild type and IL-12 

deficient mice. 

Results from B cell and IgM deficient mice as well as splenectomized mice infected with 

T. congolense have suggested that IgG2a and IgG3 anti-VSG antibody responses playa 

role in parasitemia control and survival [5]. Day 28 post infection is shown, as maximal 

titres were attained at this time point in both wild type and IL-12 deficient mice. Similar 

levels ofIgG2a and IgG3 were found between wild type and IL-12 deficient mice (Figure 

3Aand B). 

Reduced early iNOS production in liver during the acute stages of T. congolense 

infection in IL-12 deficient mice compared to wild type mice. 

As both IFN-y and TNF induce NO synthesis, important for resistance to T. congolense 

infection [5], for the detection of NO we analyzed iNOS production in spleen and liver. 

Inducible nitric oxide production was severely reduced in liver sections ofIL-12 deficient 

mice regardless of subunit deletion compared to wild type mice at day 7 post infection 

(Figure 4A and B) but similar production was found in spleen sections (Figure 4C and 
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D). Furthennore, iNOS production examined in liver sections at day 105 post infection 

was highest in wild type mice with IL-12 deficient mice showing slightly reduced 

production (data not shown). 

Interleukin-12 deficient mice display decreased IFN-rand AST levels as well as liver 

pathology compared to wild type mice at day 105 post infection. 

In order to get a better insight into the chronic stage; liver pathology of T. congolense 

infections, plasma cytokine levels as well as AST levels were measured in all mice on 

day 105 of infection. Figure 5 shows that IFN-y levels were significantly reduced in all 

IL-12 deficient mice compared to wild type mice (Figure 5A). Although in the repeat 

experiment significance was not attained, the trend was altogether similar with mean 

plasma levels of78.5 pg/mL and below detection limit «16 pg/mL) for wild type and IL­

12 deficient mice, respectively. Levels of IL-l 0 and TNF were similar in both wild type 

and IL-12 deficient mice, with high variation detected (Figure 5B and C). Circulating 

levels of AST were significantly lower in all IL-12 deficient mouse strains compared to 

wild type mice at day 105 post infection (Figure 5D). 

Chronic stage liver inflammation has previously been shown to be a hallmark of T. 

congolense infections. However, during the chronic stage of infection, liver sections from 

IL-12 deficient mice displayed smaller and fewer focal mononuclear cellular infiltrates 

compared to wild type mice (Figure 5E and F). Both IL-12 deficient and wild type mice 

had similar cellular compositions of focal mononuclear cell infiltrates consisting of 

activated macrophages with scattered lymphocytes and neutrophils. Subcapsular 

hemorrhagic infarctions present in the liver were also found in certain wild type mice but 

not in IL-12 deficient mice. Enlarged sinusoidal spaces were found in IL-12 deficient 
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mice as well as in wild type mice; however mononuclear cell infiltration in these areas 

was distinctly reduced in IL-12 deficient mice compared to wild type mice. All IL-12 

deficient mice displayed a similar reduction of pathological lesions compared to wild 

type mice regardless of subunit deletion as well as normal liver structure compared to 

wild type mice. 

DISCUSSION 

The finding of increased survival with similar parasitemia burden in IL-12p35-1
-, IL­

12p40-1- and IL-12p3y/-/p40-1- mice in comparison to wild type mice shows evidence that 

IL-12p70 but not IL-23 or the IL-12p80 homodimer is detrimental during experimental 

murine T. congolense infection. We may eliminate a role for the IL-12p80 homodimer 

and IL-23 in T. congolense infection as no phenotypic differences were found between 

IL-12p3y/- deficient mice, which produce both IL-12p80 homodimer and IL-23, and IL­

12p35-1-/p40-1- mice which lack the IL-12p40 related products [10]. 

Interleukin-12 is important for a rapid activation of IFN-y-producing cells in order to 

promote protective Type 1 responses, including T helper 1 differentiation and classical 

macrophage activation. The latter induces both IFN-y and TNF production necessary for 

optimal iNOS synthesis [10]. Although global deletion of either TNF [6] [23] or IFN-y 

[5] resulted in early mortality and uncontrolled parasitemia in T. congolense infections, 

suboptimal production ofIFN-y due to IL-12-independent pathways [24] during early and 

late time points had no deleterious effects on parasitemia control or survival in T. 

congolense infected IL-12 deficient mice. Thus, IL-12 dependent IFN -y production is 

dispensable during T. congolense infection. 
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Nitric oxide catalyzed by iNOS and essential for parasitemia control and survival in T. 

congolense infection, is a highly effective killing effector radical for both intra- and 

extracellular pathogens [5]. Interleukin-12 deficient mouse strains infected with T. 

congolense produced residual iNOS, localized in the spleen, probably due to the presence 

of IL-12-independent IFN-y. Remaining iNOS production seemed to be sufficient for the 

control ofparasitemia and survivaL 

The detrimental role of IL-12 was seen to be mainly manifesting in liver pathology in 

accordance with studies associating liver pathology with mortality in T. congolense 

infection [8] [9]. The presence of immunosuppressive IL-lO in infected IL-12 deficient 

mice in combination with reduced IFN-y production may explain the reduced liver 

histopathology and increased survival as apposed to wild type mice [9] [8]. Together, 

these results indicate that a qualitative rather than quantitative cytokine response to T. 

congolense infection would translate into effective parasite control and survival of the 

host. 

Similar findings have been reported implicating IL-12 in promoting hepatic 

immunopathology in Leishmania donovani [25], Plasmodium berghei [26] and in 

Schistosoma mansoni infection models [27]. Together, these results suggest that IL-12 

can playa role in pathogenesis during infection by its induction of pro-inflammatory 

immune responses, as demonstrated in T. congolense infection. 

The results found in the present study are in striking contrast to the known beneficial role 

of IL-12 observed in T. b. brucei infection, where IL-12 is found to be essential for 
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parasite control and survival [17]. A reason for these differences may be that, as T. 

congolense and T. b. brucei belong to different subgenus's, the host may rely on different 

immune effector molecules for resistance. Downstream of the IFN-y signaling pathway, 

NO is induced which is essential for resistance to T. congolense [5] and detected in 

similarly infected IL-12 deficient mice. In contrast to T. congolense infection the 

downstream mechanisms of IFN-y in T. b. brucei [28] remains to be elucidated and, as 

our previous results demonstrated, the mechanism is also dependent on IL-12 signaling 

[17]. 

Furthermore, the induction ofTNF in T. b. brucei infection is largely dependant on IL-12 

signaling [17], however in T. congolense, production is only slightly impaired. As TNF is 

necessary for parasitemia control in both T. b. brucei and T. congolense infections, this 

may also explain the differences in terms of parasitemia control in IL-12 deficient mice 

infected with either parasite. 

The fmdings from the IL-12 deficient mice parallel those of other studies describing 

characteristics linked to trypanotolerance in T. congolense infection. Recently, regulatory 

T cells have been shown to be necessary to limit the sustained type I immune response 

resulting in pathology in T. congolense infected mice [8]. In addition, the emergence of 

an alternatively activated macrophage profile has been documented during the chronic 

stages of disease exhibiting properties such as the down-regulation of pro-inflammatory 

responses [29]. The findings here, illustrating decreased pro-inflammatory responses 

together with decreased immunopathology in IL-12 deficient mice, parallel the above­

mentioned studies and indicate that immune responses in wild type mice are ultimately 

detrimental to the host. 
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may also explain the differences terms of parasitemia control 

infected with either parasite. 

fmdings from the IL-12 "',",J.''"'''''''' mice parallel those of other describing 

characteristics linked to trypanotolerance in T. congolense infection. Recently, regulatory 

T cells have been to to limit the sustained type I 1111111Yl1'" response 

resulting in pathology T. cor,!Q'o,!en:~e u •• 1"o",i"",ri mice [8]. In addition, the of 

an alternatively activated profile has been chronic 

stages of disease exhibiting such as the down-regulation 

responses [29]. here, illustrating decreased pro-inflammatory responses 

together with decreased immunopathology in IL-12 deficient parallel the above-

mentioned studies and indicate that immune responses in wild type are ultimately 

detrimental to 
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Residual IFN -y responses seem also to be sufficient for optimal type 1 responses, as IL­

12 deficient mice produced similar levels of VSG-specific IgG2a and IgG3 antibodies 

during T. congolense infection as wild type mice, a result also found in T. b. brucei and T. 

evansi infection [17]. Contrary to previous hypothesis, these results suggest that IL-12 

together with high IFN-y responses are not necessary to drive this B-ce11 switch in T. 

congolense infections [30] [31]. 

In summary the data presented here illustrates that the immune response against T. 

congolense infection in wild type animals is to an extent an over-shooting inflammatory 

response, mediated by IL-12p70 but not IL-12p80 homodimer or IL-23, resulting in 

pathological manifestations leading to mortality. The result of increased survival in T. 

congolense infected IL-12 deficient mouse strains compared to wild type mice is in 

contrast to the findings of other type 1 dependant diseases where decreased resistance is 

characteristically found in the IL-12 deficient mouse strains [10]. Our understanding of 

resistance to T. congolense is therefore incomplete and the results presented here suggests 

a finely tuned immune response that is not pathogenic for the host but at the same time 

anti-parasitic, is the key for effective trypanotolerance. Furthermore this study also 

highlights major immunological differences between T. congolense and T. b. brucei as 

well as T. evansi that should be taken into consideration in future studies. 
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FIGURE 1. Interleukin-12 deficiency results in increased resistance to infection with T. 

congolense. Mortality (A) and parasitemia (B) profiles of T. congolense infected wild 

type (_), IL-12p35-1-/p40-1- (D), IL-12p40-1- (L,), and IL-12p3y/- (0) mice are shown 

from two independent pooled experiments. Infectious dose was 1 x 1 03 trypanosomes per 

mouse and were monitored for; survival and parasite burden from peripheral blood 

obtained from tail snips (10 individual mice per strain) with a lower detection limit of: 

4.0xlO5 parasites/mt. Statistical tests performed by the Kaplan-Meier with log rank test 

for mortality and presented as; ***,p<O.OOl. A portion of the entire parasitemia profile is 

shown; days 2 to 17 and 55 to lO6. Statistical tests between parasitemia levels of wild 

type and IL-12 deficient mice were determined at individual time points by one way 

ANOV A with Dunnett as post test (±SEM). 

FIGURE 2. Interleukin-12 is necessary for an optimal interferon-gamma (IFN-y) 

response to infection with T. congolense during the 1 st parasitemic peak. Interferon-y (A), 

tumor necrosis factor (mF) (B) and interleukin-lO (IL-lO) (C) plasma levels were 

measured by ELISA in wild type (Filled bars), IL-12p35-1-/p40-1
- (Open bars), IL-12p40-1

­

(Striped bars) and IL-12p35-1
- (Hatched bars) mice infected with T. congolense. Time 

points analyzed were; day 7 and day 28 post infection. Data are from two independent 

experiments. Data expressed as means (±SEM) from 2-3 individual mice. Detection limit 

for both IFN-y and TNF assays was 16pg/mL, and IL-lO; 63pg/mL. Statistical tests 

between infected wild type and IL-12 deficient mice was determined by unpaired 

Student's t-test and are indicated by; *,p < 0.05. nd: not detected. 

FIGURE 3. Immunoglobulin G2a (A) and IgG3 (B) plasma antibody titres from T. 

congolense infected C57BLl6 wild type (_), C57BLl6 IL-12p35-1
- (0), C57BLl6 IL­
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l2p40-1- (.6) and CS7BLl6 IL-12p3S-I-/p40-1- (D) mice at day 28 post infection. Pre­

immune plasma was used as non-infected controls (e). Data points represent mean and 

SEM from plasma of2-3 individual mice. 

FIGURE 4. Interleukin-12 is necessary for inducible nitric oxide synthase (iNOS) 

production in liver but not spleen during the acute infection. Frozen tissue sections of 

liver (A & B) and spleen (C & D) from infected wild type (A & C) and IL-12p3y/-/p40-1­

(B & D) mice at day 7 post infection were stained with monoclonal antibodies against 

iNOS followed by FITC conjugated secondary antibody. Images are representative of S-6 

individual mice. Interleukin-12p3S-I-/p40-1
- mice are shown as representative of all three 

IL-12 deficient mouse groups as they were similar. White pulp (WP) and red pulp (RP) 

are shown (Magnification for immunoflourescent images: 200x). 

FIGURE 5. Interleukin-12 deficiency results in decreased liver pathology in conjunction 

with a decreased pro-inflammatory response compared to wild type mice at day lOS post 

infection. Interferon-y (lFN-y) (A), tumor necrosis factor (TNF) (B) and interleukin-IO 

(lL-lO) (C) plasma levels were measured by ELISA and aspartate transaminase assay 

(AST) levels (D) in wild type (Filled bars), IL-12p3S-I-/p40-1- (Open bars), IL-12p40-1
­

(Striped bars) and IL-12p3y/- (Hatched bars) mice infected with T. congolense at day lOS 

post infection. Data are representative from two independent experiments. Data expressed 

as means (±SEM) from 2-3 individual mice. Detection limit for both IFN-y and TNF 

assays was l6pg/mL, IL-lO; 63pg/mL and for AST; 6 U/L. Statistical tests between 

infected wild type and IL-12 deficient mice was determined by unpaired Student's t-test 

and indicated by; *, p < O.OS; **, P < 0.01. nd: not detected. Representative images of 

liver sections stained with hematoxylin and eosin (H&E) are shown of infected wild type 
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IL-12 deficient mouse groups as they were similar. White pulp (WP) and red pulp (RP) 

are shown (Magnification for immunoflourescent images: 200x). 

FIGURE 5. Interleukin-12 deficiency results in decreased liver pathology in conjunction 

with a decreased pro-inflammatory response compared to wild type mice at day 105 post 

infection. Interferon-y (IFN-y) (A), tumor necrosis factor (TNF) (B) and interleukin-lO 

(IL-IO) (C) plasma levels were measured by ELISA and aspartate transaminase assay 

(AST) levels (D) in wild type (Filled bars), IL-12p35-1-/p40-1
- (Open bars), IL-12p40-1

-

(Striped bars) and IL-12p3y/- (Hatched bars) mice infected with T. congolense at day 105 

post infection. Data are representative from two independent experiments. Data expressed 

as means (±SEM) from 2-3 individual mice. Detection limit for both IFN-y and TNF 

assays was 16pglmL, IL-I0; 63pg/mL and for AST; 6 U/L. Statistical tests between 

infected wild type and IL-12 deficient mice was determined by unpaired Student's t-test 

and indicated by; *, p < 0.05; **, p < 0.01. nd: not detected. Representative images of 

liver sections stained with hematoxylin and eosin (H&E) are shown of infected wild type 

273 



Univ
ers

ity
 of

 C
ap

e T
ow

n

(E) and IL-12p3S-I-/p40-1- (F) Imce at day lOS post infection. Arrowheads indicate 

regions of inflammatory cell foci and the line denotes a region of an infarct at the bottom 

1
­left. Images are representative of S-6 individual mice. Interleukin-12p3y/-/p40­ mice are 

shown as representative of all three IL-12 deficient mouse groups as they were similar 

(Magnification: 200x). 
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