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ABSTRAGCT

This study aazsessed the effects of a 25kDa mycobacterial
chpnnaht on phagocyte functions associated with antimicrobial
activity. The 256kDa fraction was obtalned by purification of
mycobacterial sohicates using Sephacryl $-200 columns. Since the
25kDa fraction could inhibit the intracellular killiang ability of
polymorphonuctiear cells and macrophages, its effacts on various
machanisms involved in this proceés wara studied. The
mycobactarial fraction inhibited phagosome-lysosome fus{oh. In
addition, it 1nhibited the release of lysosyme by the granutes
within the phagucytes. The 25kDa fraction also reduced the
production of toxic oxygen products, hydrogen peroxide §nd
superoxida anfon (the latter measured by the ability of the
phagocytes to reduce nitroblus tetrazol{um} and the activ1tyiu$
the hexose monophosphate shunt. On the other hand the 25kDa
fraction did not significantly affect the glycolysis pathway used
by phagosytes. |

Gamma~<aterferon, but not alpha~interferon, was able to partiaily
ravarse the inhibition caused by the fraction, indicating a possibie

therapeutic role For'th1s sytokine tn mysobacterial diseass,

Further studies demonstrated an inhibition of Tymphocyta
transformation to mitogens (PHA, Con £ and PWM) and to antigen (PRD)
in the prasence of macrophages pretraated with the 25kDa mycobacterial
frastion. Closely related to this 1s the inhibition of DR dxpression
by the 25kPa fraction, sudgesting potent escaps mechanisms ampibyad by

mycobacteria to ensura survival within the host,
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INTRODUCTION &
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1. PHAGOCYTIC CELLS IN INFECTION
Phagooytic cells const1tuta an important mechanism of host
defence against any 1hfection (wérb, 1987). Tho rasponse of
these celle 1s non-specific and formis the First 1ine of defence
against t @ invading organtsm. The phagocyte com. ex falls into
two categories: (i) the monenuclear phagocytes; whic! {nclude
t1ssue'macrophagas, cireulating monocvies and their nracuréors-
~1n bone marrow; and (i1} the polymorphonuclear (PHN) phagocytes
(Werb, 1987). The mononuclear phagocytes also play ah important
role in activating octher arms of the fmmune system, which

comprise both T and 8 Tymphocytes (Unanue, 1972).

T Tymphooytes which mature in the thyﬁus ara responsible for the
ce1-med1ated antigen~specific respanse to foreign organisms and
fér activating B 1yﬁphoc§tas (Marchalonis, 1980). B 1ymphocytes'
are the antibody producars of the body and &ré thpuaht to mature
- in the bone marrow or.foeta1 11var'(st1te§ et al., 1880).

on exposﬁra to antigen and T ha?per ca!?s; A ¢ells develop 1hta

anibody producing plasma celis (Marchalonds, 1980). -

1.1. HIGTORY OF THE MONONUCLEAR
PHAGOCYTE SYSTEM.

It was as far back as 1892 that Metchnikof? coined the term
"macrophage” to iduntify a group of calls which had the ability
to ehgulf Forsign organisme (Langevaart et al., 1970). He
recognised the close rala£10n9h1p batween the phagocytic cells
in the spieen, lymph nadeé, bane marrow and connective tissua_

and grouped these a1} togethsr into the "macrophage system"
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{Langevaart et a’., 1970). This concept was then further
devejoped by Ascheff in 19?4 who grouped several Kinds of cells
into the ret1cu16andotha1ia1 system (RES) ‘Langevaart ot

al., 1970). Tnis system included endothelial cells; retisular
¢a'lls of the sp1eén and Tymph'nodes; histiocytes; splenocytes
and monocytes, This concept was widely criticised since
vascular endothelial cells, histiocytes and the reticular cells
of the Tymph nodes and spleen diffet vastly from one another
(LanQevaart at al., 1970). At a conference on monohuciear
phagocytes 1n Laiden, in September 1969, it was therafore
décided to re~define the system as the mononuciear phagocyte

system (Langevaart et al., 1970).

1.2. PHAGOCYTE ONTOGENY
1L.2.1. Mononuclear Phagocyte Ontuogeny

- The mononuclear phagodyta originates in the bone marrow as a
cammon progenitor of the granulocyte, ervthroid megakafyécytic
and macrophage linsages {Colony forming unit OFU - GEMM (Welte
et a?., 19858) or pluripotent stem cell (Sieff, 1987}]. A

group of g1ycopfotein hormoﬁas, termed colony s£1mu1at1n9.
factors (CSF), will ther induce the differentiation of this into
the various cell lineages (Sieff, 1087). Pluripotent CSF 1s the
colony stimutating factor which will induca the OFU-GEHM to
differentiate inte progenitors for sach of the separate cel)
1ineages (Welte et &1., 1985). It has been postulated that
6M-CSF (granulocyte masrophage CSF) govarns the rate and
parcentage of monocytes and granulacytes that emerge from the

bone marrow (Sewyer ef al., 1989), Differentiation of the



CFU-GM (granulocyte monocyte CFU) into the two different
11naages.appears to be modulated by the availability of colony
stimulating factors. Studies with recombinant GM-SF indicate
that high concentrations favour format'lon. of granulocyte
colonies whereas the use of low doses resulted in the

predominant formation of macrophages (Metcalf, 1980).

The CFU-mohocyte {(M-CFU) which results from differentiation of
the CFU~-GM 1in thé prasance of macrophage-CSF (M-CSF or CSF-1
(s8jaff, 1987) will differentiate intoc a moncblast which 1n.turn
differentiates into a prosonccyte, the first morphologically

- 1dentifiable cell in the mononuclaar phagocyte series (Johnston,
1588). Tha transit time in the bone harraw fred CFU-GM to a
mature monocyte is gbout & days (Groopman & Golde, 1981). Newly
formed monocytes may remain in the marrow for approximatély one
day and then anter the blood stream whera their haTf 1ife 1s
thought to be approximately 3 days (Van Furth et al.,

1979). Clrculating monocytes constitute.almubi1a_pod1 of
incompletely differentiated cells on their way from fhair s1£a
of origin to the tissues. These cells are heterogencus with
raspact teo their cell density, size, morphology and surface
antigens (Vah Furth et al., 1979). No avidence 1s availabie
howaver to suggest that monocytes are destined for any
particular tissus and migration to various t1ssﬁes appears to be
a random phencmenon in the absence of inflasmation (Johnston,
1988). It has heen suggested that once in the tissues,
menocytes do not re-enter the circulation but undergo

transformation fnto tissue macrophages. These macrophagdes




would now demonstrate morphological and functional properties

charactsr1st1c.for the tissua in which they raside {(Van Furth

et al., 1979) (Figure 1.). The terminal stage of

development in the mononuc!aar~phagocyta.Tine ig a

multinucisated giant cell (MGC) which characterises

granuiomatous 1nf?ammatory'dfsaasa, such as tuberculosis

(Johnston, 1988). Both mohocytes and macrophages appear in the

Yesions in these diseases before the appearance of giant cells

and they are therefors thought to be the pracusors to these

multinucleated celis (Mariano & Spector, 1974). Monocytes kept

in cuTture for 3-10 days davéiop yenerdl Feetures of tissue

macrophages and some of them fuse into large MGE's (Schlesinger -

et al., 1984). The MGC’s are as efficient as macrophages

in: - _. | |

(a) ingesting sheep erythrocytes coated with IgG and Jandida
albicans,

(b) dagrading ingesied YGast,

(c) reducing nitrobiue tetrazolium, &nd

(d) = expressing Ia antigans (Schlesinger et &l., 19B4).

Although the activity of B-glucosaminidase, acid phosphatase and
B-QTucuron1dase ber call 1s graater in MGC's, the specific
ac£1v1ty of the enzymes 1s greater in macraphages. These
studies indicate that MGC’s have the capacity to i ‘etion iike
macrophages 1n host defence against infection (Schlesinger et
al., 1984), |
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1.2.2. Felymorphonuclear Bhagocyte
ontagany

The PMN or granulccyte originates from the CFU-GM. The CFU-GM
initially differantiates in the presence of §-0SF {granulocyte
GSF) to form a CFU~G. The CFU-G wil) further differentiate into
a myeloblast. The myeloblast then divides and differentiates
jnto 4 myelocyte. Subseguently, during a 7 day postmitotic
period, cytoplasmic and nuclear changes occur that result in a
fully mature and functional PMN call (8 wyer et al., 1989),

The PMN cell acquiras 2 major populations of granulas:,

(1) the primery or azurophilic granuies which contain
myetopoeroxidase, acid hyetrolases, lysosyme, cationle
proteins and neutral protease; and _

(1)  socondary or specifi¢ granules which contaln lactofarrin,
lysosyme, vitamin Biz-binding protein, cytochrome b,
collagenase and certain raceptor molecules (Sawyer ek
al., 1989). Circulating PMN cells raprasent'on1v 5% of
the total body pool of granulocytes (Sawyer ot al., |
1989). About half of tha intravasculsr population of PHN
calls are not clirculating but are adherent to the
endothelium of small vessels (margination of PMN cells)
(Werb, 1887), PMN cells enter the tissues, whera they
remain functional for 1-2 days, after which the senascent
PHN calls zie reioved by splenic macrophages or are
dischargad from mugosal surfaces (Sawyer et al.,

1989).
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1.2.3. The CGolany Stimulating Fasctoprs
(CSF)

With the devalopment of techniques for the clonal culture of
haematopoietic cells in semi-sol{d culture medium, it became
possible to analyse the events ocouring during haematopoiesis
(Metcalf, 1986). It was found that progenitor cells are
intrinsically incepable of unstimulated cell divisioh. A
continuous stimulation by appropriate apecific regulatory
molecules i¢ required for such divisien (Figure 3.). These
molecules or hormones are c¢ollectivaly khown as colony
stimulating factors (CS5F's) (Metecalf, 1885). Five C8F’s have
besn 1dentified: '
(1) mutti-L8F (or Ii~3),
(11) BM~CSF,

(i11)  G-O8F,

(iv) - M-08F {or C8F-1), and
{v) erythropoietin (EP).

Thesa factors are produced by many calls in the body including T
Tymphocytes, manucftea, endbtha11a1 c&lls and'f1hrob1aaté
(81affy 1987), When monooytes are activated with endotoxin they
produce G-0SF {Rannick et al,, 1987), and the monokines |
tumour necrosis Pactor (TNF) (Beutles, 1950) and interleukin 1
(IL-1) (Dinarelio, 1984). These monokines may, 1n turn, induce
Y 1yﬁphocytss to produce both GM-CS8F (Harrmann st al., 1988)

and multi-c8F (Kelso et 4l., 1088) and may also induce fiXed
bone marrow stromal ¢alls to produze GM-CSF and G-C8F (Bleff,
1986; Zucall et al., 1988). In addition, macrophages are
capable of controlling the concentration of the'r own growth
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fastor {Bartonc! et al., 1987)., M-CSF (CSF-1) 18 produced

in most tissues at & constant rate and 1s removed by receptor-
nadiated endocytosis by the macrophagss of the spleen and Jiver
(hume ot al., 1987). Meture macrophages have been shown to

be more effectiva than proliferating progeniter calls in
internalising and degrading M-CBF (Bartocei &t al., 1987).

It is therafore felt that M-CSF may participste in a feadbasck
T* - hereby macrophages control the production of mohocyles by

«. . ne marrow {(Kume et al., 1988).

3. ANTIGEN PROCESSING

Once phagosytes resognise a forelgn antigen, several processes
are initiated. Thase include binding of antigen to the suface;
intarnati{=at{on of microbag; active mataboiic processing and
catabolism of macromolscules. In the case of macrophages,
antigen i¢ recycled to the surface and presented to T
1ymphocytes in assoaiation with Glass II major
histocompatibiTity antigens (Werb, 1987).

1.3.1. Antigen Binding te the Cell
gurface

Antigens adhere to the macrophage cell surface either via
specific Fe and £3 receptors or via non-covalent interactions,
such as the zymossn receptor system (Riches et al., 1888),

The latter may represent a more primitive recognition system

that racognises veast and other misrobial srganisme before a



11.

- weitmmear
n o —
wip?
YT L »
'L LE
Ny’

an“"“.“ @
[ ol neutro-
cPy-a phils &

Faa
l‘.l..lp.‘.....
(32 )

@

{ (CFUY CFU~GM -
\ e et syt %
o st R .

- Ou-n"‘h-i-__ c%‘.M g‘yc;::g @

. L] .'.-'..-'*'-.i.. lib

antigen
¥

_ | Pluripotent
- CSF

M I s o ot i

ThgEaibiaana

{ GCSF ¢

LIS EYIRIRNEY)

¢ endothalial
call

FIGURE 3. The colony stimulating factors and
their affaect on phagoayte aontogeny.




12.

specific immune response is mounted by the host. The Former
system indicates an evolutionary advanced stage whereby
immuriogiobulin and complament snhance the ability of the

macrophage to ingest organisms {(Riches et al., 1988).

1.3.1.1. ' Zympsan Receptor Systen

Zymosan particles are a carbohydrate rich cell wall

preparation derived from the yeast Saccharomyces cersvisiae -
which ﬁra racognised and avidiy 1ngestéd by monacytﬁs and
macrophages (Ezekowitz et al., 1985), This property has
rosulted 1n the extensive use of zymosan particles for the study
of macrophaga rasponses, Three recaptors play a fo1a in 1ts
binding: a D-mannan/ fucose receptor (MFR), a B~D g¢lucan
receptor and a macrophage~meémbrana receptor for the third
corponent of complsment (CRI) (Riches et al., 1988). The
ralative importance of these 3 raceptors has és yat not besn
estab11shed, but the Bﬂgiuuan raceptor appsars to be a cbmmon
Factor'amdng the various monacyte and macrophage populations

. that respond to zymosan. The MFR howevar, has been suggested to
be éxpresaad only on macrophagas (Shepherd st al., 1682). |
$ince human motocytes do not exprees functional MFR, other
recognition machanisms for zymosan wmust be oparative in thess
cells. To this end, 6zop & Austen (1986) demonstrated that
incubation of human mohocytes with fnsoluble f~glucan led to a
striking inhibition of zymosan phagocytosis. Such find1nga.

indicate that 8-zYucan receptor {s important for phagogytosis.
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Opsonisation of zymosan particles may alsc be madiabed by
products of complement activation as evidenced by the studies of
Ezekowitz st al. (1983) who found ©3 cleavage products
depusited onto the zymosan particles, thus allowing the
opsonised zymosan particies to be Internalised via the ¢3

receptor oh monocytas and macrophagaes.

1.3.1.2. The Fe Receptors _

Unlike the situation with the binding of zymosan particles,

the receptors involved in the binding of YgG-containing ant1§snf

ant{body compiexes have been mote ¢learly identifiaed. There are

3 Iyt Fo receptors:

14D FeR! which is a high affinity rece tor expreséad on

| monosytes and tissua macrbbhagas (Andarsoh, 1982) but not
on PMN cells unless stimuTated'with IFN-gamma (Shen, |
.1938),13 relatively spacific for monomeric and aggregated
196 28 (Heusser af af., 1977; Unkelass, 1977);

€54) FeRII 1s a low affinity receptor for[lgc'whiqh 18
spegif1c for aggregated and antigan—cémp1exed g6 1 and
196 2b (Diamond & Scharff, 1980), This receptor is the
only Fe receptor found on unstimulated neutrophils and §s
found on monacytes and tlssue macrophages (Ross et
al., 1988);

(ii14) FEcRIII 4s also a low affinity receptor which binds
aggregated IgG o (Diamond & Scharff, 1980) and is present
{n high concentrations on neutrophils but 1s absent in
resting monocytes. Tissue macrophages and macrophages in
culture axprass variabie amgunts of this recaptof {Ross

ot al,, 1888},
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The Fc receptor most tﬁoroughiy 1nvastigatéd is the loG
1/2b receptor te which two functions have been ascribed,
namely that of a Nat/K+ ion channel (Young at al., i985)
and that of a phosphalipase Az {Suzuki at al., 1982).

Bath thase functions theh play an important role in the
ellcitation of various magrophage and neutrophil functions
invelved in host defence and inflammation, inciuding the
sacretion of lysosomal enzymes, the produstion of reactive
oxygen metabo’lites and arachadonic acid metabolism (Riches

st al., 1988).

1.3.2. Ingestion of antigan

Once foretyn particles bind to.the1r rasbactiva raceptors,

the ¢ell membrane invaginates to form a phagocytic vassiﬁla or
ondosome (Werb, 1987). It has besn demonstrated that this is
an enargy requiring procass and is inhibited by sodium azide
and 2~devxygiucose (Sharma, isaa}t These agents have been
silown to inhibit the oxidaﬁivg and giydo1?t1c metabolic
pathwﬁys {Sharwa, 1586). Once formed at tha pariphery of tha
ca11, the andosome flows intoc the cytoplasm of the macrophage |
towards the perinuclear area, guided by miérutuhu1as in an
energy raguiring process that utilises the abundant amount of

cytopiasmic contractile proteins (Werb, 1987),
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1.3.35. Antigen Degradation

in the perinuclsar area the phagosome fuses with lysnaomes_to
forim a phago1ysosqma or secondary lysosome {Werb, 1987). At some
gstage hetween the fnitial formation of the phagacytic.vessicie_
membrane and the formation of the secondary lysosomal membrane,
the contents become acidified and portions of the membrane,
plasma membrane receptors and some of the contents are recyclad
back to the cell surface (Werb, 1987). The phagocytqsed
contants are then digestad by hydrolytic enzymes within the

lysosome (Sharma, 1986).

" Lysosomal Enzyme Releasa
«1. Stimulation of Enzyme Releaso

1.35,3.
1.3.3.
The sacretory process of ysosomal enzymas by macrophages has
been shown to be slower than that of neutrophils, beginning
within 8 m1nutns'after the addition of a phagocytic st1mu1u9'
(Welschar & Cruchaud, 1978) and continuing for 6-12 hours (or
Tongsr) before reaching completion (Riches & Stanworth, 1980
Schoriemmer et &7., 1977). 1IL has been shown that early |
lyspsomal enzyme release is independent of new protein synthesis
as evidenced by studies indicating the ineffectuality of
cycloheximide on Tysasyme ralease (McCarthy ot al., 1982).

It 15 therafore postulated that eaf1y'enzyme secretion oceurs
Trom praformad {ntracellular stores (MeCarthy et al., |
19823, Suntained release of lvsosomal enzymas ovar & prolongad
period hawever, 1s dependant on protein sypchesis (Schayder &

Baggiclini, 1978),
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The biochemical reguirements of the induction of lysosomal
enzyme secretion hava mot been clearly detined (Riches et
al., 1988). It is possible that phospholipid breakdown is &
requirement in the 1n‘it‘lat1.on of enzyme releasz since an
increased turnover of phosphatidylcholine during exposure of
macrophages t= *ywosan partinles has hean noted (Chanhon et
al., 1987). Furtiermore, dapsone, an inhihitor of
phosphatidylcholine turnover has also been demonstrated to
inhibit Bnzyme retease (Bonney et al., 1983). Howavér the
role playved by phospholipid turnover (1f.any) mﬁst sti11 be
fully determined since protein kinase C (PKC) and calcium Jevels
appear not to be fmplicated in inducing enzyme release (Riches

et al., 1983; 1988).

Lysosomotropic weak bases, such as ammonium chIinde,
‘methylamine or ¢hloroquine, have also béan shown to induce tHe
release of lysosomal enzymes (Riches & Sténwcrth. 1980).
Although their mode of action {s not known, it has heen
suggested that alkalinisation of the évtop1a3m éhd/dr the

- lysosome is necessary for Tysosoma) enzyme relsase to cocur.
Segal et &7 {1981} showad thét.fo1low1ng phagotytosis, there |
1s a1 elevation of the intravacuolar pH via the electron |
transport chain which'transports electrons from the qytosoT to
the lumenal surface of the uécuo1a. The resutitant reduction of
molacylar oxygen to 02- consumes protons during the formation
of Hz0z (Reot et al., 1876}, thareby raising the |
intrecellular pH (Segal, 1981). This raisad pH facilitates

ki111ng and bacterialysis by dranule protéins which are ‘nactive
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at Tow pH values (Segal 1989a). TFollowing this partial
degradation by these proteins, the pH of the vacuoles is rapidly
reduced to:nptim1se the activities of hydralases and other
proteins that faqu1re an acid pH for optimal activity (Hirsch,

18663,

1.3.3.1.2. Lysosomal Enzymes & Protseins Involved
in Bacterial Kiliing and Degradation

It is well documented that a variety of enzymes are raleassd
by macrophagas.and nestrrphils (Werb, 198?; Papadimitriou &
Ashman, 1989; Johnston, 1988; Uhanué; 1976}, A Tisﬁ of these
enzymes is pressnted in Table 1. Enzymes derivad from
phagotytes have been shown to digest bacterial macromeienu)as
such as'canTax carbohydrates, protgfns and T1p1&s to sud~-units
of molecular welght of 200kDa or Jess (Werb, 1887). These
ehzymes include: _ _ |
(i) Lysosyme: This enzymé has been shown to have a 11m1tédn
“epectrum of antibacterial activity, due partly to its
ability to cleave a # 1-4 linkage batween the
N-acstyldlucosemine and N-acetyimuramic acid residues .-
{(Unanue, 1976}, With repards to its ﬁroductiun, Tysosyme
has been shown to be synthesised within phagocytes
(McCielland, 1975), Release of the enzyme into the
extracgilular m' lieu appears to be rapid and this rate
may be increased many fold 1n response to phagocyts

activation, for exemple by ¥n vitro culture of
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macrophagaé or in alveolar macrophages exposed to
inhaled particles {Hetse & Myrvik, 9967). The relsase
of lysosyme howsver appears fo be indespandent of
phagocytosis as evidenced by studiss demonstrating that
a phagocytic stimuius does noﬁ alter the amount of

tysosyme secreted (Unante, 1976),

"Neutral Proteinases: Colladenase snd sjastasae, in

cantrast to lysosyme, are secrefed i smc1¥ emounts by
unstimutated phagocytes (Unaus, 1976). Following
stimulation of these cells bf ﬁhagocytusis ar endotexin,
the production and release of these ehzymes 18 |
considerabiy increased (Werb & Gordon, 1975a;b).
Together with gelatinase these ehzymes are important in

the degradation of connective tissus macromoleclies such

- as elastin, coTiagen and proteogtycans (Sharma, 19867,

They may also promote the riigration of macrophages
thrs .gh basement membranes (Werb, 1987). Elascase, in
ardition, has the capaciiy to dagrade immunoglobuling,
alpha-proteinase inhibitor, fibronectin and fibrinogen
(Werb, 1987),

_ phagocytes inelude 8 glucoranidase, n-~acetyl-f

glucosaminidase, alpha mannosidaée and acid

phosphatase, MNor-elicited macrophages sucrate vary low
levals of these acid hydrolases. Once agtivated by cell
culture (SGhdyder & Baggioiini, 1978) or 1nf1ammatory.
stimyti, such us thioglycollate (Schnyder & Baggielini,

1978), type-specific polysaccharide and paptidoglycan
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TABLE 1, Enzymes Secreted by Phagocytes.

Acid hydrolases

Phosphatase
@lyvcosidase
Rihonuciease
Deoxyribonucieass
Protesses

Lipases

Sulphatase

Other, Cathepsin D

Neutral proteinases

Collagenass

Elastase

Myelinase

Proteogivean protease

Cytolytia protainase
- Plasminogen activator

Lyzsosyme

Arginase

Lipoprotein Yipase
Ang1§tensin convertase

PFrotein kinasa

BPI (bactaericidal/permeabillity increasing) protein
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(PPG) from group A Steptococci (Davies et al.,

1974), products from activated lymphocytas (Pantalone &
Page, 1978) or by primary amines (Riches & Stanworth,
1082), the amount of hydrolases released 13 markedly
{ncraased. The secrsetioh -of the hydrolases. can bo
divided into two categoriss. In the first, a variaty of
stimutd will induce the rapid secration of the enzymes
within 1-4-hours {Musson ot al., 1980), This rapid
release s similar to the release of these enzymes by
neutrophile (Henson, 1980). In tha second, a more
prolonged secration of the actd hydrolases in response to
lowar concentrations of stimuly occurs., This can ba
maintained for up tu 2 weeks In culturs and is dependent
on protein synthesis since cycloheximide wilt Inhibtt
their.re1aasa (schnyder & Baggiolini, 1878).

Gatlonig Proteins: A group of chymﬁtrypsin-"l_i ke catioMc

. proteins that. exhibit microbigidal propertias ware

jduntified in human granulocytes by Odeberg & 01sqon
(1978} who also showed that the microbicidal affacts of
these prateins did not depend on the proteolytic
activity, BPT 1s another cationic protein with
éntiwm1crob1cida1 properties fdentifiad in PMN calls
(Elsbach et 4a7., 19?9) and was named BRI for 1ts

‘ bactericidal/ permaability increasing probertiea. A

third group of cationic peptides wora ident{Fied in
rabbit PMN calls (Selsted et al., 1988) and Tater in
humah granyioeytes (Banz, 1986)., &ix of these protelins

jeolated from rabhit PMN ¢alls have baon sequenced and
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are cysteins and arginine rich peptides of 32~34 emite
acids (Selated et al., 1985) and are members of a
tamily of proteins known ag defensing (Ganz ot gl.,
1888). These moIacuTes.k11T organisms as diverse as
Staphyloconels aursus, Fssudomonas aaruginosa,
Egcharischla celi, Cryptocodeus neoformans and even the
envalaped virus Herpes simplex (Ganz et af.,
1985). Thres similar low molecular weight peptides have
been fsoiated from human granutocytes and are ca)led |
humar neutro§h11 poptida (HNP) 1-3 (Ganz et al.,
1988) and play an important rols in the microbicidal
rachanisms employed by the granulocytes. Thesa molecules
have, as yet, not been 1dentified in human macrophages
© (Rook, 1988). The bactericidal autivity of catfonic
proteins 1s genarally at a pH of between 7.0 and 8.0,
Tha pH of the phagosome transiently rises to this level
and the protains can then displace the divalent cations
(8.9, Ca?*), which cross=11nk the ﬁndotoxin moleculas
in the outar rembrane of Gram negative orgsnisms {Sawyer
ot al.y 1984). The pH 1n the phagosome subsaquantly
drope (Sugal et af., 1981). Ih this more acidig
environsent the major effect seems to bo the
parmeab ' 1igation of the outer membrane which may then
atlow entry of othar microbicidal moleculey 1hto the
organism (Rook, 1688), In addition to the relesse of
these lysocsomal substances, the macrophage snhances its

bactericidal capasity by taking up products of
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heutrophils such as the defensine and Tactoferrin
{Pruzangki et al., 1984). The latter is sffective in
sithar k111ing bacteria directly or by interacting with
reactive nkygan radicals to facilitate the peneratien of
hydroxyl radicals (Ganz et 47., 1988). The partially
catabolised protein resu1t1n§ from thess degradacive
mechanisms ocan then be released from the ceil into the
extracg11u1ar =milieu anyq be taken up by other macrophages
for reprocessing or can remain on the cell surface to be
prasencad to other ¢alls of the immune system (Unanus &
Allan, 19863,

1.3.%.2. Oxidative Intracellular Xilling

' Machanisms :

1.3.3.2.1. agtivation of the Reactive Oxygen
Motabelite Producing System

The term ‘respi-atory burst’ refers to a co~ordinated series

of axygen vependent metabolio events that take place when |

phagocytes are exposed to appropriate stimuli (Segal, 1980a).

Tt wae originally thought that the sole purpose of this ries in

oxygen consumpt16n was to provide energy for phagocytosis

(Babior, 1978a), but Sbarra & Karnovsky (1989) showed that

phagoeytosis boourad undér conditions of elther high nitrogan or

high oxygen concontrations, These findings left unoxplained the

raason for the incrasse 1n oxygen uptake following activation of

' bhagacytas. However. Tyer et al. (1961) demonstrated that

at lsast part of the oxygen consumad in the respiratory burst

was converted to nydrogen peroxide (HaOz) and they proposed
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that this Hz02 was usaed as a bacterfoidal agant. The

initial response to an astivating signal by the respiratory
burst 1s activation of a NADPH oxidase complex which catalyses
the production of superoxids anion (0z-) (Pick &t al.,

1988). NADPH oxidase 18 therefore of centrsl importance to the
produsctjon of react1veloxygen metaboliites (Bablor, 1984).
Activation of the 02 dependent pathway 1s induced by opsonisad
bacteria and zymosan, phorbol myristate acatate (PMA),
complement componant C6a and fluorida ion (F-) (Babeir, 1§78a).
This mu1ticomponeht oxidaaa.system forme an electron transport

chafn 1n the plasma membrane (Riches of a&l,, 1968).

The components of the electron transport shain that have been
1dentifies are a proteir of moTecular waight between 66 and
6TkDa {which may be a fiavoprotein) (Segal, 1988b), a 47kDa
cytosoiic protein (Clarke et g1., 1990) énd"cytochromeyb

(Riches et al., 1988). The cytochrome b found in

macrophages, monocytes and neutrophils occurs in the plasma
tiembrana and becomes incorporated into the wall of the _
phagocytic vacuole (Segal, 1988b), The cytochroma b conststs of
2 subunits - a 22ki protein and a 91kDa giycoprotein {Clark

et al., 1950). The 66-67kDa protein 18 cytosolie (Riches

et al., 1988; Clark ot g47., 19%0) and is theref.“a

" translosated from the ¢l interior to the plasia mumhréne vhera
1t binds to NADPH and probably acts as a proxim.i component of
the entire elactron transfer system (Sagal, 1980k).



24.

Superoxide ganeration is generally studiad by act1v&t1on with
PMA (Riches et al., 1988). PMA activates protein kinase C
(PKO) and causes its transiocation to the plasma membrane
{Sha’afi, 1988). Tha &t tivated PKC will, in turh, activate the
NADPH oxidase systam by phosphorylating one or morg-proteins
(Clark ot al., 1980). One of the proteins phosphorylated ia

a ArkDa cytosolie protein which then associates wilh cytochrome
b inh the membrane (Segal 1% b)Y, By this saries of reactions an
afectron 1s transfered ultimately to melscular Dz to form
superoxide (0z2-)} and NADP+ {Sagal 198%a). Figure 4 s a _
schematic representation of the WADPH oxidase syétém. The Gz~
produced by this series of reactions then dismutates to form
hydrogen peroxide (Hz0z) (Flgure 5) (Segal, 1989a). Thic
_dismutation ogeurs shontanebusTy at a very alow rata (Backer,
1988). The presence of superoxide dismutsse found 1n the
cytop'tasm of many cells, however, greatly increases this rate
theraby protecting the cell against the ravages of 02~
(Fridovich, 1986).

GTutathiona 1s a constituent of most, 1f not all, cells and its
function 18 thought to'be.the nsutralisation of HzOz.

produced in the calls in order to protect the cell frﬁm

o f-destruction (Meltzer, 1977). In the presance of
glutathione peroxide and Hp0z, glutathione ﬁ111 be axidised
with the release of He0 (Figure 6). The oxidised giutathisne
(6-8-5~G) is then reconverted ta its reduced state (GSK) by a
glutathiona reductase reaction (Figure &) (Reed. 1969} which
yields ﬁha pxidised NADP+, The NADP+ which accumulates as a
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result of these two pathways wil) then fuel the hexose
monophosphate shunt (HMPS) by which glucose-6-phosphate will be
oiidised to form S~phosphogiuconate in the presence of the
snzyme glucose-6-phosphate dehydrogenase (Figure & Reaction 3 ~

redrawn from Metzier, 1977).

Glucose oxidation through the HMPS 1s increassed during the
respiratory burst due to the iIncreased production of NADP+ which
48 tha rate limiting stap of the process. Each molecule of '
glucose which is phosphoryiated and subsegquently metaboiised by
the HMPS reduces 2 molecules of NADP to NADPH thus replenishing -
the supply of reducing agents hecessary for the operation of the

respiratory burst (Figura 7) (Babior, 1984},

1.5.3.2.2. Bactericidal Mechanisms of the
Reactive Oxygen Metaboljies .

A. - Bupero adic : There 1s cnntrcvefay about the
microbicidal potential of this anfon since Gregory ot
al. (1873), Gragory & Fridavich (1974) and Mandall {1975}
could not show ﬁicr6b1c1da1'act1v1ty by artificially
geharated Oz-. Howevar, 1t is possible that the
concentration of Og- production 1n such systems may be
much smaller than that produced in the vicinity of the

~ phagosome {Babior et al., 1978).
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unstable ox1dising species that reacts §1most
instantanecusTy with most orgahic moiecules that it
ancounters {Bablor, 197B8a). Evidence that both macrophages
and neutrophile produce OH- has been obtained hy Weiss et
al. (1977) and Tauber & Babior (1977). The machanism by

which the cells pfbduce OH- 1s uncertain but one

~ poseibility is that OCI~, a product of the myeloparoxidase

reaction {discussed below) reacts <ith D22 {Figure 8 ~
reaction 1) to produce single. : “ viutn via
the Haber Welss reaction, forms 4 " wtion 2)
(Klebanoff & Rosen, 1978).

Hydroden peroxide and mxa]ogg;ggjggsg: Although Hzdz

has a certain amount of bactericidal potency, its potency
is greatiy augmented througb the action of the.enzyme '
myeloperoxidase (Babior, 1978a). Thils enzyms 1s present in
szuraphilie granules of neutrophi1s'én5 monoc?tes {Bainton
& Farquhar, 1968; Lehrer & Giine, 1968; Salmon ot al.,
1976) and catalyses the oxidation of halide fons to
hypohalite {ons by Hz0z (Fiydre 8 - reaction 3).

0I-, Br- and I~ can be oxidised by this enzyme (Kiebanoff,
1968; Klabanoff & Shepard, 1984). sgveraT-hachaniams have
baen proposed to explain bactertal killing by tha
HzO2~halide-nyeloperoxidase system. The first is the
possibla halogenation of the i acterial call wail, which

will cause a loss of integrity of the wail leading to ¢sl]
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death (Zgl{ezynski & $telimaszynaka, 1976), The second
mechaniam 18 the gensration of oxidants balonhging to a
ganesal family of nitrogen-chloring derivates which are
tenaroted via the mye1operox1dasaémediated chlorination of a
nltrogenous vampound {Figure § -~ raaclion 4) (RRNH) (Waisy
at al,, 1983). Compounds availabla to react with HOC

are emmonia (prodused during neutrophil metabolism) (Grisham
ot al., 1984), taurine (most abundant free amine acid in
leukoeytaes) (Test et al., 1984); amines; nuclelc acids;
pelyaminag and catjenic proteins (Teat et al., 1084),

Tho N-C'1 derivatives produced and released extracellularly
ars long lived, hydrophilic, Tow molesular weight compounds.
with Tow tox{eity but which can react with ammonia to yield
a 1ipophilic axidising agent monochloroamine (8risham ot
‘al., 1984). Tho addition of ammoria tharefore confars the
RNHG1 derivatives with bactericidal, cytotoxic and cytelytic
proparties {(Grisham et &l., 1984). The third mechanism

by which the myeloparoxidase system may ba bactericidal ig
by generating singlet oxygen '0z (Figurs B - reacticn 1)
{Ragen & KlebanofF, 1977}, &inglat oxygen differs from .
atmospheric oxygen in the gistribution of the eloctrons
around the twe nuclel, In atmosphoric oxygen the mlectrons
form a eylindrical ¢loud in which the axis 16 the line
Joining the nuclei. In singiet oxygen this alectron ¢loud
s distorted away from a cylindrical conf1gufat10n, thoreby
altering %ho chemical nronartieé of the malecule,
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This highly reactive singlet *0z has the ability to
attack a large variety of double bond containing cgmpnunds
thereby inflicting lethal damage oh the bological systems -

1t comas into contact with (Babior, 1978a).

1.3.3.3. Role of.Raactive Oxvgan Matabolites
AIthough the axact mechanisms by which the products of the
raspiratory burst are involved 1in bactericidal activity 1s far
From clear, their importance cannot be doubted (Segal, 1989%).
Abnormalities of the anzymea Invalved in the varfous reactions
of the respiratory burst have been demonstratad to result in
savera racurrent infections (HoTmes at al., 1987). An

axrmpla of such abtormalitias is apparsnt in shronic
granuTomatous disease whare thars 15 an absence of one of the
components of the NADPH oxidase system responsible for the
preductian of Oz~ (Babior, 19?3b)..

1.4, ANTIGEN PRESENTATION BY MACROPHAGES
An important role of the macrophags s the activation of the
antigen~gpacific arm of tha immune response, Fishman & Adler
(1963) showad that undar certain conditieng antibody responses
do not otcur upon expusurs to antigen alone but rather upon
intaraction with macrophages which had pr§v1aua1y phagosytosed
the antigen, Work dona at the National Institutes of Health,
Bathasda, Maryland has shown that the initial antigen binding
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¢ell in a Tymphoid cell enriched population 1s an adherent,
phagogytic, radio~resistant cell that appears morphelogically to
ke & macrophage (Rosenstreich % Rosenthal, 1673; 1674: Waldron
et al., 1978)., Thair studies also indicated that antigen
ragognition invelved an 1n1£1a¥ oui19atary macrophage uptake of
antigan before interaction of the immunogenic m61ety with tha T
Tymphotyte took place. Close contast hetwesn the antigen= |
bearing macrophage and lymphocyte was also ghown to be easpnt1a1
since saparation of the macrophage bearing anhtigen and the |
Tymphocyte by a 0;45 micron f1lter did not allaw for initiation
of lymphocyte proliferation (Cline & Swett, 1968).

‘Upon binding to the macrophage, tha bulk of tha antigen is
degraded, but for successvul presentation of antigen to T cells
to take plage only partial catabolism may oceur (Unanus &
Galderon, 1976). Unanue & Calderon (1975) have shown that
antigen may hypass extensive catabholism by 2 ﬁechan1sms. aithar
by remaining on the surface membréna for a eritical period of
tima, ar by bafng raleaged from the cell prior to oxtenaive
breakdowrt. Using albumin as an antigen, Schmidke & Unanue
{1471) showad that thers is heterogensity in thz rate of
¢atabal{om of the antigen, with degradation of protains having a
half 1ifo varying from 0.6-22 hours. Also 10-25% of the albumin
bound rasists catabolism and 1s storsd in a stabla form with
approximately one third of It being on the cel) surface |
(Rosenthal of &l., 1976}, Ellner & Rosenthal (1@?5) showed
that during the cataboiism of 2.4 dinitrophany) guinea pig
albumin (DNP-QPA) 80% of the 1mitially cell bound material was
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released from the macrophage, while 20% of ths ctable residual
material remaiper surface associated. This surfaca associatad

reafdual antigen would then be prasaerted to the T cell.

Ziegler & Unanue (1951) alsa showed that the macrophage hed to
be viahle, at Teast for a Tay period (the duration depending on
the amount of antigen and temperatura), presumably during which
tims antigen processing took place; 1f the cells were then fixed
with paraformaldehyde, antigen presentation to T colls was
unaffected, Shimankewiz et al. (1983) further
- substantiated this by showing that macrophagas fixed 1n low
‘eoncentrations (0.08% final concentration) of gluteraldehyds
ware not able to prasent native or denatured OVA but were able
to present proteclytic fragments of the molecule. One other
aspact « - successful antigen presentation is the genetic control
of the entire process, For activation of the T Iymphosyte by
masrophages ring antigen to occur the 2 call populations have
to be syngenaer. {Shevach & Rosenthal, 1973: Ruaenwasser.&
‘Rosenthal, 1979); 1F T calle from 1 strain of gu’ pig were
mixed with macrophages of anathar strain, antigen independent.
binding would ocuur, but antigen dependant binding and
subsequent activation of the T cells would not (Lipaky &
Rosenthal, 1876), In addition, the in viiro reeponses of -
primed guinea pig T calls to antigens, the response of which is
under the control of the histocompatibility-1inked Ir gehas.
would be blogked by antisera diracted against the
histocompatibility specificities (Shevach et al., 1972).
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This indicated that products of the major hiatocompatibi ity
complex expresssd on the surface of the ¢ells were important in

macraphage~antigen-T cell interaction.

The histocompatibility-1inked Ir genes regulate the response of
calls to thymus dependent antigens and this control was thought
to be regulated at the level of the T cell (Mitchell et al.,
1872), howaver Shevach & Rossnthal (1978) effect1vajy
demonstrated that the macrophage expressed the Ir genes thus
suggesting that this was the cell which determined T cell
responses. That the Ir genes contro) the responss to sertain
antigans was shown by Levine at'ar. (1963) whete the

respotise of outhréd gutnea pigs to poiy-t-lysine homopolymer
[dinitro phenyl (DNP)-PLL] proved to be under the control of a
single autoscmal gene. Similar control was shown for more
conventional antigens, such as insulin (Barcinski & Rosenthal,
1977) where different stains of guinea pigs wera shown to
recoghise and respond to different portions of the insulin
malacule, ; '
The availabiiity of inbred stratns of mice and guinaa pigs
parmitted the rapid mapping of the Ir genes. The mouse Immune
response (Ir) genes were mapped b§ genetic recombination o the
MHG batween the K and D Toeil (Figure 9) and the reglon was thua
named the I roglon for immune reponse (Simpson, t988). The
squivalent regionh in man 1a the Class II MHC or HLA-D region
(Flgure 10) (Trowscale, 1988), “Even after disco#eriﬁg the

mapping to the same region of the Ir genes and I ragion ancoded
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c¢all surface antigens, the relationship batwesn the 2 remained
unclear. It waé hypothesised that the Class II 1ﬁ man, or
immune associated (Ta) anitigens in the mouse, ware products of
the Ir genes (Flavell et al., 1986). Le Meur et al, .
(1988) proved this by showing that transfer of cloned Class II
genes into transgenio mige could turn & non-responder strain

into & rasponder one,

The interaction of macrophages with T cells has been suggested
to be eithar in the form of a trimolecular structure with Ia and
antigen binding to the T call !ndepandently of ona another with
Ia serving to stabilise the structure (Harber-Katz et al.,

1983; Marfack & Koppler, 1987; Shimonkewitz et al., 1988) or
that antigen and Ia interact physically before or after
ancountering the 7 cell receptor (Grev & chéshut. 1986) . As
hypothesised by Benasceraf (1978: 1u81) 1% wes demonstrated thaﬁ
the T cell receptor recoghises an antigen-Is complex and that
the antigen binds to the Ia molacula oh the ant1gén prosenting
cell (APC) (Babbit at al., 1688; Buus et a7,, 1986),

The argument against this wag that there was only a Jlimited
rumber of different Ia molecules which had to inter a2t with a
nyriad of antigens (Gray & Chesnut, 1985). IFf, howevar, tha
binding site for antigen were only a few eming agids Tong (as
suggested by Bendcerraf, 1981), many proteins would be able to-
bind to the same Ia v~lecule. Grey et al. (198%) jdentified

T poptides from urrelated proteins which bound to IA® and
showed that these all had a core region of § amino acids which
wera similar to a seguenca found in Dua 327~332 showh to be

gritical for binding of the latter to IAY,
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Further studies have ;hown that Ia can present a large
fragnent of antigen which does not need further proteciytic
claavage, Tor example hén—egg white lysosyme (HEL) peptide 40-78
gcould be presénted by IAk APC 1n spite of the amino acids oﬁ
either side of the 62-61 binding sequence being present and
gxtending bayond the binding site (Donarmeyer & Allen, 1989).
Furthar proof of HHcFantigen interactions was provided by Grey
et al, (1889) who showad that acid treated Glags II MHC
(purified from B cells) releasad peptidas which could Tater
recombine to the MHC molecules and Srinivasan & Pierce (1990)

1sotated a functional peptide-MHC complex from APC's.

Whether intaraction of the antigen with Ia wcours oh the
membrane or 1h the cytoplasm of the macrophage 18 not certain,
but recent evidence (Leyva-Cobtan & Unahue, 1988) suggests that
it 1s a cytoplasmic event and that the Is-antigen complex ie
then carried to the cell surface, Donermayer & Allen (19 4)
have ient suppart to such a theory by demonstrating that once
bound to Ia, an antigen becomes resistant to further proteclytic
¢leavage, This cump1ek. formed in intermadiary vessicles in the
cytoplasm will ba transported to.the cell surfacé where it will
then be accessible for recognition by & T cell, Their studies
also suggest an explanation of the degrae to which anti{gan
‘degradation within cells occurs. An altermative mechanism
suggested by Falc ot al. (1986) 1s that processed antig:

bind to phospholipid or other carrier molecules, are Lransported

to the ¢ell surface and then interdct with Ia.
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Stockinger et al, (1989) showed & requirement of a variant
chain fragment of la for antigen processing. [The invarjant
chain (I1) fragment is a 31kDa chain which complaxes with the
polymerphic Ia molecule shortly after {i. “osynthesis in the
endopTasmic reticulun (Simonis et al., 1989).] Fibroblast
c¢all Tines which axpress la moleculss but do not have the If
c¢hain, ara incapabie of presenting native antiéen (Shastri et
al., 1985), If thase Tines dre transfacted with the invariant
chain gene, howaver, guctessful antigen presentatic., can then
take plage (Stockinger et al., 1989). Although the detailed
steps involved in this process have rot heen elucidated, the’
antigen would ba andocytosed, Fragmented to peptides and would
thén interact with Ia (Stockinger ot al., 1988). .The It

chain could facilitate binding of the antigen fragment at the
appropriate juncture of the Ia mo1ecuia. The 1nvariant chﬁin
cou'd also participate in intracellular transport and recycling

of antioen to the cell surface (Simon1s et &l., 1989).
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S 2. TUBERCULOSIS
2.1. INTRODUCTION

Tubsrcutosis, an infectious disease vaused by Mycobasterium
tubsrculosis, is still a major communicable disease especialily
in daveloping countries (Wades, 1989; Bchmidi, 1988). in
industrialised countries, sush as the USA, there has béen &
rapid deciine in the casas of tubsrculosis reported amongst the
caucasoid population but among other minority groups the decline
has besn much slower (Snider, 1988), The average annual declTine
rate in the USA has droppad from 6.7% for the period 1981-1984
to a 0.4% decline rate for 1987-1988 (MMWR, 1990}, An increased
incidence of tuberculosis amongst inmates of correctional
institutes 1n the USA has recently been noted (Snider & Hutton,
1089; Braun et al., 1989). It has boen suggested that this

may have an impact on the fncidence of tuberculosts coeuring in
the community into which thase inmates will be released (Snider

& Hutton, 1988).

Although there has also been a deciine in the inoidence of
tuberculosis in England, which 1s ascribed partly to successful
BCG vacc1natjon, tubsrouiosis 1 st111 frequently seen among
children, especially those of Asfan and Wast Indian origin N
(sitverman, 1988). The incidence in these communities Tiving in
tha UK is estimated at 40/100 000 and 17/100 000 respactivaly
{5ilvarman, 1988).

Although tubsreulonsis has always had a bimodal age distribution,
occuring in voung children and older peopla, an 1ncraésad
inctdense is now being seen 1n the 24-44 vear age group {(Bass,

1989). This i¢ the same age group which has an increased
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- incidence of acquired immune deficiemcy syndrome (Alds) (Bass,

1988), Current evidence points to a very strong risk fagtor in
1mmunasuppressed individuals for the pregrassion of latent
tuberculosts to clinical disease (Selwyn et al., 198¢;

Quinn, 1989). This is particularly true in the case of patients
with Alds in whom infection with the human immuno~deficiency

virue (HIV) {s assoclated with immunosuppression.

In developing contries an even greater problem exists. It is
astimated that approximately 3-4 miiiion new smear-positive
(puimohary) and anothar 3-4 million smear-negative (extra~
pulnonary) tubarculosis casas de§e1ap anuaf1y (styblo, 1989).
Abaut 2-3 mil11on people in these countries die of tubarculdsis
avery yeér (styblo, 1988). This o@curs n spite of extensive
attempts by the World Health Organisation to control
tubersulosis (8tyblo, 1988), The reasohs for failure of the
tuberculosis contral progran in these developing countries are
many, These inclurde an fnadaquate'diagnbsis of'the sources of
~infection (i.s. people with smear-positive pu1monafy '
tubsrculosis) and a chemotharapeutic regimen that is diffieult
to institute successfully (Styblo, 1988). Since theraﬁy for
tubsrcuiosts 18 a prolonged progess, lasting from &-12 months;
“complianca is poor and leads to trestment failura and drug
resistance (Shidsr, 1989). Another factor which nay afféct the
{rradication of tubercuiesis in such countries is the high
ingidence of patiants with Adds. In Africa, uniike Euraps,
whera tuberculosis has a bimodal age d1str§but1on, Africa

demonstrates a high incidence of individuals betwean 20 and 50
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years of age 1nfectad with the tubercle bactllus (Styblo,

1989; Bass, 1089). A relatively high proportion of them #re
‘axposed to a substantial risk of exogenous primary infection or |
rainfection with the tubarcle bacillus owing to the high
incidence of tubergulosis and to tﬁe immunosuppression resuiting
from AIDS {(Quinn, 1388). It 1s therafore 1nav1tabia that the
absolute numbsrs of cases of tuberculosis will Increase in
developing countries were Aids is a major health problem

(8tyblo, 1988).

In South Africa current estimates of the inecidence of
tubsroulosis, based on notifications, ranéa from 206-269/100 000
(London, 1989). However, an Tncreased ingldence 1s currently
being noted in cartain areas of the cape'(London, 18893, 1In
sp1ta.of affective diagnosis and %treatment, tha prevaIaﬁce of
_tuberculosis among black miners in South Africa Ja still very
high with an incidence in the ordar_of 800/100 000 (Cowie,
.1989). A reason for this high rate of tubsrculogis may be that
infected individuale do not present themselves for treatment and
tharefore contribute to the perpetuation of the disease in the
working population and their hqma areafCBanaﬁar, 1982, Anothsr
reason for this high rate of tubsrculosis is the migrant labour
system. Infected miners who become 111 often return home and
tha d1aaasa 18 easily spread among the extended family and
community where medical facilities are often scarce (Cowile,

1989).
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It is therefors essential that improved diagnostic technlques,
afficient therapy regimens and more effective vacgines he
dsva?oped 1f tuberculosis {s to be irradicated {Schmidt, 1989).
A nmfe camprehensive knowledge of the host~parasite
ralationsghip; the chemistry and functional role of mycobacterial
antigens in disease processes and the regulation of the immune
response to these antigers may, therefore provide new avonues

for tha traatmant'of tuberculosis (Wades, 198C).

2.2, TUBERCULDSIS: THE DISEAéE

Tuberculssis is a chronic infectious disease of'1ong_durat1un

in human_beings that is caused by Mycobacterium tuberculosis
{Youmans, 19&6}5. It is usually acquired by inhalation of
droplet nuciel containing the tubarcle bacilli, The dropiets
are spread from person to person when infectious material 13. |
discharged into the air by.cough1ng'ar by other maéns:(Farer,
1979), The usual portal of entry 18 the lower ra§p1ratory'tractf
whare these p&rficlaa can reach tha most peripharal portion of
£nelbronch1a1 tree and can Todge in the alveoly whare & focusldf
infection can be estah!ished (Ritey, 1974}, A1thFugh the
airborne routs is the main route of transmisgion, tuberculosis
has a136 been shown to ba trandmitted via the gﬁstro-ihtéstinal
route or by direct inocutation through the skin or mucou$

‘membranes (Farer, 1979).
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Pulmonary tubsrculosis accounts for approximately B5% of all
the tuberculous cases (Steigbigel, 1979). The symbtums may
range from asymptomatic individuals to those with fevar, wefght
‘oss, productive cough, haemoptysis and extensive infiltrates
with cavitation in the lung {Steigbigal, 1978). Tha first

cTinfoally evident manifestation in man is a granuicmatous

nodule termed the Ghon focus (Grange, 1880). The céntre of the'

granuioms fay often contain necrotic tissue of "cheese-1ike"
appearance (caseation), surrounded by Tymphooytes and
macrophages (Grangs, 1980), Non-healing primary foci in the
Tung enlarge ano the caseous centres freguently 1iguefy.
Discharge of this 1iquified material by uleeration into the

pleural cavity teads to pnsumonia (Grange, 1980),

During the progression of the primary disease, the tubercle
baciilus can spreud to distant sites rasu1t1r9 in tubsrculosia
of the 1iver, spleen, kidneys, central nervous system;, Joints,
bone, bona.marrow. pericardium, par1tonéum, intestine or

genito-urinary tract (Steigbigel, 1979},

Miiiary tuberculosis is*a disseminated form of the disease
characterised by a diffuse miliary pattern of tubercles
distributed in many organs of the body (Grange, 1980). The
symptoms of thié form of tuberculosis.are usually nonﬂspecifié.
- Weakness, .anoraxisa, fatigue, we19ht-loss and fever are vary
GEAMOti, qOugh 18 seen in 18-65% of patients, while headaches

and abdominal pain often reflect involvament of thé cartral

T
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nervous system and intestinal tract respactively (Proudfoot,
1969), Predisposing factors for this Form of disease include
alcoholiam, pregnancy, neoplastic disease anpd parantal drug

abuse (Munt, 1971},

2.3, THE IMMUNOLDGIC RESPONSE TO
MYCOBACTERIUM TUBERCULOSIS

The earliest reactions in primary tuberou1osis are unhknown but
data accumulated from atiimal studies indicate that an acute
inflammatory reaction ococurs in the tissues sarly 1n the

infection such that organisms are pha o tosed by

polymorphonuclear leukocytes (Lucas, 1988). These cells are

raplacad by alveslar macrophages and by macrophages witich mature
from monocytes circulating in the hlood stream (Dannenbarg, '
1982), Both call types'are attraétéd to the site by fq]eaaed

bacitii, cellular debris and a variety of chemotactic factors of

host origin such as the complement component C8A (Dahnenbery,

| 1989)  Macrophages apparertly differ in their ability ta kilt

invading mycobacteria (Danneberg of a7., 1963), Ragident

- alveplar macrophages do not kiji the invading mycobacteria,

either because they ramain at the peripher& of the lesion far
away from the baéj111 in an established lesion (Dannéberg, 1989)
or bacause they have an inability to ki14, the virulent tubercle
bacilius once ft has beéan ingested (Collins, 1989), Blavd~
derivad monosytes whibh emigrats to the leasion, are activated
by Tymphakines and can then ki1l the bacterium (Wiegeshaus et
al.y . 1989). These oe)ls are therefore completely raspansib1,

for the fate of the early lTesion (Dannabarg, 1989).
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In the early leaion the tubercle baci1lus and the maorﬁphage
tive in & stéfa of symbios1; {Dannebery, 1988). In 2-4 weeks
this balance, however, is disturbed with the gradual davelopment
of a specific immune reponse (Dannsberg, 1989). Hacrophages
become activated by anfigen—spec1fic T cells or lymphokines
released b; thase cells, and have an increased ability to
destroy the tubarcle hacillus (Ando at a7., 1977). At the
same time many of the macrophages are killed aipher by tha large
numbar of multiplying baci!Ti anc their products or by direct
cytotoxic action of ;he bagtarium ttself (Lucas, 1988). A
tyhergle thus forms that consists of a caseous necrotic centre
surrounded by a Iymphécyte mantle consisting mainiy of T
suppressor calls (Van den Oord st al., 1984), sem; _
macrophages and other cal) t&pas. These T suppressor ¢alls may
have an important role to play in the cellular unresponsiveness
which devalops in animals and man (Watson & Collins, 1080).
Recent evidenca in favour of this indicates that, macrophages
which have phagncytosed mycdbactar{a release suppressor call
astivating factor (SCAF) resulting in activation of_suppressar
@echanfsms logally (Wadee & Rebson, 1981; Wadee et al,,
tosay. |
Evan though the pathogsn§s1s oé caseation in tuberculosis is not
clearly understood, se eral factors are thought to contribute to
its formation (Dannenbergy, 1989), #13. high ¢ongentrations of '
lymphokines prod.cerd 1n'ra5ponsa to a tubarculous fnfaction by T
{and possibly B) lymphocytes may be toxic to the tissuas; large

amounts of toxic gumpenents of the mycobacterium could be
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released during the bacterial breakdown process resulting in
tissue damage (Dannerberg, 1988); ischaemia from thrombosad
b]nqd'vesseis goutd cause infarction nf the arsa (Courtade et
al., 1975); activation of the complement pathusy might damage
host cells 1n the ares; hydrolytic enzywmes and reactive oxygen
radicals released from 1fve and disintergrating macrophdages
might diractly injure the surruaunding tissue: and the
macrophages might release monokines suck as tumour necrosis
factor (TNFi which may also demage the surrounding tissves
(Dannenberg, 1982; 1989; Lucas, 1983). |

Whaether the granuiomg progresses Or'ragreasea depends ypon the
ability uf_tha macrophages entaring the granulating tissue to
destrqy tha invading organism {Collins, 1088), Minute casesus
foci can ﬁrobfﬁTy be eliminated by sﬁrfnunding'macrophéges
(Dannenberg; 1988) hut 1ar§ar foci (5-20mm) cannot since
macrophages cannot panetrate very far into the caseous centra
(Courtads et al., 1978). These foci probably undergo |
?ibrou3'ancansu1afibn and ara_iso1atad within the host'tﬁransa, .
1980), It is these large Toci which may be reactivated years
later as a result of immunosuppression due to a variety of
roaasons such as stross, sterold therapy or cancer chemstharapy

(Wingeshaus ot &7., 1989).

Liguefioation of the caseocus cantre of tha tubercles is one of
tha most harmful respanses in this disosse (Danneberg &
Sugimoto, 1976). Tt occurs as a result of hydrolysis of the

protain, 1ipid and nucleic acid components of casecus tissue by
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the hydroliytic enzymas of macrophagas (and pei‘haps

granulocytes) (Weiss & Singef, 1953). The liquefied caseum js
an excellent cuiture medium for the organism, which will now
mu1tfp1y extracellularly resulting in a large antigenic load.
‘fh_is will cause an over scimulatios of the delayed type
hypersansitivity rasponse of antigen-specific T cells. This
raesponsa, which in the presence of low concantrations of '
bacillary antigen is baneficial, will, in the presence of high
conc.entrat.ions of antigen, result in cell death and tissue
destruction (Dannenberg, 1.82). The walls of nearby bronchi
often bacome necrotic, rupture and form a cavity. ' The bacilli _
. and small amounts of liquefied tissue can now be diséharged into
the airways and reach other parts of tha lung and environment . '
{Dannenbsrg, 1289)., The organisms may now spread to various
organs without any apbarent clinical manftestations (Farer,
1979); Intensive dissemination of the organism by the
haematogenic route can thus result in serious disease such as
tuberculous meningitis and miliary tuberculosis, represanted by

small lesions spread thoughout the body {Ivanyi, 1986).

During the primary infection thers is clonal expanéion of
antigen—specific T cei]s which, on re-exposure, rapidly produce
Tymphokines and thereby accalérata macrophage activaﬁion and
accumulation st the site of infection (Orme & Collims, 1984).

As a result, the Ytesions temain small and heal rapidly such that
: _secnndary tubercies of either huematogenous or 19ﬁphoganous
origin usually do not prograss in {mmunccompetent adult humans -

(Dannenberg, 1989). Factors which predispose to post-primary
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infaction iné1ude:- agae, concommitant diseases (a.g. Alds), .
hormonal changes (e.g. pregnancy) and immunosuppressive tharapy

(e.g9. in cancer) (Farer, 1979).

2.4. . THE ROLE OF THE PHAGOCYTE IN
TUBERCULOSIS

On coming into contact with the tubercle bacillus, the
polymorphonuciear cells and macrophages will ingest the organism
.(Martin et al., 1950; Dannenberg, 1982; Brown et al.,

1987; Rook, 1988: Wiegeshaus &t al., 1989). The uptake of

the mycobacterium requires inftial contact batwesn the organism
and specialised structures on the membrane of the cells that are

capable of triggering the phagocytic process (Piessens, 1989).

The first cells to arrive at the site of infection are the
neutrophiis ﬁhiéh will bacome ’activated’ and ingest ahd degrade
' the crganisms (Brown et al., 19887). Thase phagocytes ‘
therefore play an imvortant role in the early phases of
infection, and are Lhen replaced by alveolar mécfnphagas and
macrophages emigfatiﬁg from the circulating pool of mcnucytaé
(Dannenberg, 1988). In addition to degrading the invading
organisms, the macrophage also presants the processad
mycobacterial antigen on its surface, in context with host MHC
Class IT molacules to helper T lymphocytes (De Vries, 1989;
ghardwaj & Colston, 1988). The T 1ymphocytes.w111 Pespond to
this specific antigenic challenge by undergoing clonal
proliferation and producing lymphokinas (bannanbarg, 1985). The _
Tymphokines will then further activate tha macfnphagas and

enhance their tuberculocidal capabilities.
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Even though the exi stancé of several adherence receptors have
been demonstreied on phagocytic cells; mannose-fucase (Wilson &
Paarson; 1086): complement receptors CR1 and CR3 (Pavyhe &
Horwitﬁ, 1987); Fc receptors and leukocyte functidh assuciated
antigens such as LFA-1 and LFA~-3 (Springer et al., 1987),

the exact rgcaptor invoived in promoting the entry of'the
tubercle bacillus into these cells 1s not known (Pqissens,
1989). Thare is, however, some eyidence from in vitro

studies on human monocytes which indicates that the CRT and CR3
receptors on the monocyte mediate the phagocytosis of the
bacillus (Schlesingsr et al., 1990). Once the organhism has
bound to the surface 6f the phagocyte, the plasma membrané will
invaginate into the cell and close off around the organism
forming a phagosome {Logrange et al., iﬂsa). Consequently

the phagocyte undergoes activation and will exhibit prbfound'
morpholegical changes. Tﬁa cells now demonstiate an increase in
surface area, ruffling of the plasma membrane and random
migration (Grangs, 1880). There is also an increass in the
number of mitochondria and 1ysosomes, an 1ncraqsed matabolic
activity, increased phagocytic ability (especially for antibody
or complement coated particles; Grﬁnge, 1980) and increased
tuberculocidal capabilities {armstrong & D’Arcy Hart, 197%;
Wadee, 1990}, Within the cytoplasm, enzyme containing lysosomes
fuss with the phagosome, forming a phagolysosome (Sharma,

1886). Lysosyme and other hvdrolytic enzymes are released by
1ysosomal granules and wil® axert their digestive activities on
the ingested organisms (Mitchison et al., 1983). In

addition, toxic oxygen radicals, such as hydragen peroxide s
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suparoxide anion, are produced by the raspiratery burst which
accompanies phagocytosis (Paton & Ferrante, 1983; Klebenoff &

Harman, 1975; Mitchison et aj, 1983),

2.4.1. Macrophage Activation by
Lymphokines

The lymphokines released by the T lymphocytas have besn shown

to enhance macrophage function (Nafhan gt al., 1983). Crude
supernatants from antigzen or mitogen stimulatad 1ymphocytes haﬁe
been shown to augment antimicrobial activity (Fowles et al..
1973); enhance HMPS activity (Nathan et al., 1971) and to
ehhance the secration of chemically reactive reduced mataholitas.

qf molecutar oxyasn {Hakagawara at al., 1982).

The best characterised jymphokine with macrophage act1yat1ng
function (MAF) is IFN-gamir (Nathan et a7., 1983) and the
effect of this lymphokine on macrnpﬁages will be discussed in -
Shapter 3. Other Tymphokinas with MAF activity have, however,

beari described‘

Interleukin 3 (IL-3) ar multi-CSF functions as a MAF which
selogt{vely regulates the accessofy cell characteristics
required Tor antigan presentation, rather than the cytolytic
function of the macrophage (Frendl & Beller, 1990); GM-CSF and
M-CSF have been shown to iricrease the ability of macrophages to
k111 Lelshmania maxicana amazonsnsis (Ho et al., 1990),

In addition, GM-CSF (togathar with IL-2 and IL-4) was found to
act as a co-factor for IFN-gamma in activating macrophages for

antimicrobial function (Belosevic et a7., 1988).
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IL-4 has also baeeh shown to induce tubarculostatic potential
in murine bone marrow-derived macrophages which are_1nfectad

with M.bovis organisms (Flesch & Kaufmann, 1990).

These 1ymphokines may play an important role in astivating
macrophages for tuberculocidal activity, aichough the role

played by each has not been determined.

2.5. MECHANISMS OF INTRACELLULAR
SURVIVAL OF MYCOBACTERIA

In gpite of the many intracellular degradative mechanisms
demorist ratad by phagocytes, many pathogenic orgenisms and in
particular M.tuberculosts have the ability to survive &and

grow within the cytoplasm of these cells {Nathan et al.,

1980). various escape mechanisms axist which enhance microbial

virulance by interfering with the phasncyte’s abitity te

recognise, ingest dnd kil the organiams (Pensen & Mandell,

1290). These include:-

- interference with macrophage activation (Pabst et al.,
1988); | _ |

= {nhibitton or neutralisation of oxygen netabolite broduction
{Kusunose et al., 1976; Chan et al., 1989); |

- inhibition of phggbsome-lysosome fusion {Goren et al.,
1974; Armstrong & D'Arcy Hart, 1978);

- disruption of phagosomal membranes and inhibition of
dagradation {Hooper et al., 1886: Wadoe, 1980).
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2.5.1. Inhibition of Macrophage
Activation

The abiiity of macrophages to ki1l mycobacteria depends on
their state of 'priming® or 'activation® (Ands et al.,

1977). Macrophages primed in vitre or activated iIn vivo
produce more oxygen metabclites than do unprimed or ’resident’
macrophages when they phagocytose mycobacteria (Dahnenbarg et
al,, 1972). Agents which cause priming in vitro include
bacterial LPS, muramyl dipaptide (MDP) and IFN-gamma {Pabst &
Johnson, 1980). However, these agents have been shown niot to
directly stimulate the release of 02—, but rather to prime
macrophages for enhanced release in response to a subssquent
stimulus (Pabst st al., 1988). Sulphatide 1 (SL-1), a
totra-acylated trehalose sulphate 1s found 1n the outer cell
wall of mycobacteria (Goren at al., 1982; Pabst sat-al.,

1988) and has been shown to fnhibit this “priming’ of
macruphagaa {Pabst. et al., 1988). .In their experiments

Pabst et a?.'(1988) showed that SL~1 inhibited severa?
parametars of activation including Oz- ra1aasé. phagooytasis
and the release of IL-1. Since SLﬂi did not directiy affact the '
ﬂADPH oxidase enzyre system or inhibit these three functions in
unprimed cells, it is probable that sit-i affects the processes
that convert an unprimed monocyte to sn agtivated macrophage

(Pabst ot al,, 1988).
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2.5.2, Derangement of Electron Transport
in the Respiratory Ghain in
Mitochondria

cord fastor, or trahalose dimvcolate (TDM), has baen shown to

be highly toxic to leukocytes (Bloch, 1980) and to cause a

dorangement of the mitochondrial elactron transporf systan in

Tiver. lung and splesn tigsue (Goren, 1872).

Cord factor was originally thought to be responsible for the
tendency of virulent M.tubsrculesis organisms to grow in
parallel cords (Bloch, 1950). This activity of cord factor has
howaver never been proven (Goren, 1872). Cord factor is a
ragular constituent of Wax ¢ 1n mosth virulent straing of
mycabacterta (Noll, 1967). Wax C consists mainly of long ch&in
fatty acids which are esterified with cumpounds such as
ptithiocerol, glyeerol and trehaloss to form 1ipids of a
ﬁnlacular weight ranging ¥rom 1 000 - 300 daltons (Noli, 195?); )
Bakiarkunst & Arimar (1962) showed that cord factor has beer
responsible for the attenuation in activity of pyridine
nucleotide (NAD) despendent microsomal enzymes. This oceurs
partly due to the datrimantal stimulation of nicotinamide
adenine dinucleass activity and the concomitant depression in
levels of ricotinamida adenine dinua1aot1da; In additioh to its
effact on the electron transport in the respiratory chain,.cord .
factor cen directly attack the mitochondrial memoranes resulting
in swelling and bréakaga of Timiting membranss (Katb. 1968). I%
is possible thal the cord Factor could be released from the

degreded tubarcle baciill and attack the phagosomal membranag in
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the same way it attacks ths mitochondrial membrans. Release
of high concantrations of the cord factor might then resuit in
membrane rupture and intracoilular ralease of otherwise trapped

virulent urganisms (Goren et al, 19%4a).

Tha final way in which ¢ord factor may cont“ibuta to the
survival of the organism wags suggastad by Blush i1 1850 when he
showed that cord factor inhibited the migration of leukocytes

in vitro.

2.5.3. - Resistance to Oxidative Killing
Svystams

Following phagooytosis, phagocytes demonstrate an ihcrease in
the oxidative respiratory burst and in the activity of the
hexose monophosphate pathway (McRipley & Sbarra, 1967). This
rasu1£s in tha production of HaCz, superoxids anion,

hydroxyl radical ane singiet oxygen (McRipley & Sbarra, 1967)
which may in themselvvs be directly toxic to bacterts. Thelr
toxicity may be further enhanced through the generation of more
reactive moltacules (Lowrie & Andrew, 1988), such as hypchalite
ions (Klebanoff, 1968},

Superoxide produced by activation of the NADPH oxidass system
{discussad in seetion 1.3.3.2.1.) 1s a highly reactive oxygen
ragical which 1s capable of breaking down sugar molsculies (hhan
ot g7., 1888), Tha tubarcle bacillus, however, seems to be
fairly resistant to this molecule (Jackett et al., 1978a).

M. tuberculogis organisms have been shown to contain
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superoxide dismutase (Kusunose et a7,, 19765) whith coverts
suparoxide to hydrogsn paroxide (Hz20z) and oxygen (Mandell,
1975).

A role for Hz0z in ki1ling mycobacteria was suggested as far
back as 1963 by Mitchison &t al., who showed that resistance
of the mycobacterium to H202 was assogiated with increased
virulence of the organism. More direct evidence for the
importance of Hz02 1n the Killing of nmycobicteria by
phagocytes vas supplied by Halker & Lowrie (198j) and_Sharp'st
al. (1986), Walker & Lowrie (1981) showsd that macrophages
activated with phorbol myristate acetate (PMA) could ki1l
M.micoti. Tha addition of exogenous catalase, [which
dacomposes H20z to oxygen and water (Mandell, 1975).)
however protected tha organism fram.intraca11dzar kitling,

- indicauning that He02 was responsible for kiYiing the
organism. Sharp et al. (1988) provided édditiona1 ovidance
that Hz0z played a role in ki11ing mycobacteria. They
snaowed that )n?eprws organisms, which are catalase negative
and ara killed by H20z 7n vitro are also killed by mouse

paritoneal macrophages.

Although susceptibiliity to Hz0z corralates with low
virulence in mahy strains of M.tuberculosis, some
laboratory-attenuated strains ratain their resistance to

- HzQz (Jackett ét al., 1978a). This implies that
anti-micropial moechanisms othar then direct action of HaO:
k111 these organisms within tha macrophage (Jackett et ai.,
1880), The mysioperoxidase, peroxidase~halide (MPH) system
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{discussed 1n section 1.3.3.2.2. {C)) has been shown to
augmant the bactericidal potency of Hz0z by forming
hypohalite ions (Kishanoff, 1968). The MPH system which.uus
shown to be effective In killing ﬁhtuﬁsrcu?asfs used atther
fodide or chloride ons as co-factors (Jackete et al.,

1978h).

The peroxidase content of macrophages has been shown to be very
Tow In cnmhar1son to PMN cells apd itonocytes (Lepper &.D’Arcy
Hart, 1976). However, catalase canh reptace paroxidase in the
k1114ng system, since 1t can function peroxidatively in the
prasence of a low steady concentration of Ha02, particularly
ih an acld environment (Klebanoff & Hamon, 1975). Macrophages
from various ssurces, {pulmonary alveolar macrophages of'rabhit
(Gee ot al., 1970) apd rat (Davies et &l., 1979): amd
peritonsaT'exudate macrophages of guinea plg (Simmons &
Karnovsky, 1973)]1, have been shown to contain catalase. It is
therefore puscib1e that a catalase, peroxide, halide system may
substitute for the HPH systom which'oparatés-in:po1ym§rpho-
nuclear cells and monocytes (Klebanoff & Hamon, 1976). Catalase
redcts with HeOz to form an enzyme-substrate compﬁax which
redcts with a second molecule of Hz02 to form oxygen and
water (Mandell, 1975), When the Hz0z 1s maintained at « _
vary low steady state cohcentration by a HeOz-generating
system; a number of substances, including thyroid hormones #nd
{odide {ons, can suecessfully compete with the second molecnls
of Ha0z for oxidation by the catalase-H202 anzyme~
substrate conplex (Klabanoff & Hamon, 1976). It is under these
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conditions that a microbicidal effect is seen (Klebanoff &
Hamon, 1975). .Jackett et al. {1980) showed that the
catalase, halide and hydrogen paroxide complex was toxic o
M. tubsrculosis in vitro, but that susceptibility to catalase
mediated ki1ling did not correlate with the virulshoe of the

~ organism.

In contrast to macrophage derived qata1ase, the presence of the
anzyme within mycobacterta has been suggasted'to_hava a
protective effect for the organism (Lukrie & Andrew, 1958).
catalase from the tubercle bacillus can dadompcse HzD2 to
oxygen and water thereby neutralising the toxic effact of

HeOz (Mandell, 1975). |

Although most strainis of N.tuberculosis have been shown to
possess catalase, a few strains are devoid of the enzymas
(Whesler & Ratledge, 1988). 1Ii is of interest tu note that
these latter strains are more susceptibia to the lethal effects
of peroxida and are usua119_1ess virutent than étrains that
coptuin catalase (Lnurié, 1983). Neverthaless these strainy
1acking catalase and N.leprae (which has no catalase) are o
sti11 pathogenic organisms, It is therefore possible that the
production of toxic odygen metabolites by the host 1s not by
itself sufficient to ki1 mycnbacteria.. It 18 also poesible
that ‘pathogenic sycobacteria have other ways of evading toxic

oxygen metaholites (Whewler & Ratladge, 1983).
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One such chemically defined mycobacterial component that
protects mycobacteria from oxidative degradation fs the |
1ipophilic cell envelopa of the o.rgan'lsams (Whaaler & Ratledge,
1988).

than et &l. (1§89) showed that the pﬁano]ic'g]ycoiipid I
(PGI) of ¥.7eprae in Infected cells and tissues may protect
the mycobactarium from oxygen radical damage. Pel 1s a ﬁajor
constituent of the ultrastructurally observsd alatiron~
transparent zone surrounding the bacillus (Hunter & Brernan,
1981). This zone acts as a scavanger of oxygen radicals in a
call Free system (Hunter & Brennan, 1981). Quren et aI;
_(f974b). whila studying a series of attenuated strains of

M. tuberculosis, 1dentified one common structural feature

thet distinguished them from the mora virulent strains. The
factor was termed 'attenuation indicator 1ipfd’ and was shown
to be a phenoli¢ phthiocarel diester. Yhis molecule has &
structure very similar to a gynthetic altered form of PGI
produced by Chan at &l. (1989) which was shown to be unable
ﬁo scavenge OH-. Attenuated strains of the tubsrcle baciili
may ihereforé have on 1ts surface 1ipids altarad in suCH a way
that they are unible to scavenge oxygen radicals and are

consequently killed (Chan ot al., 1989).
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2.5.4. Inhibition of Phagosome-Lysoiome
Fusion .

M. tuberculosis has besn shown to escape intraceliular
degradation by praventing .““agosome-lysosome Tusion (Armstrong &
D’Arcy Hart,.1971). Several mechanisms have been suggested to
expiain this phenomenon (Rastogi & David, 1988). By coating the
surface of the tubercie bacillus with specific antiserum prior
to phagocytosis, reversion of non-fusion was cbserved {Armstrong
& D'Arey Hart, 1975). Later studies by Fréhel & Rastogi (1987)
showed similar results using M, Tepras. This would indicate

that the surface provertiles of the bacterium are responsible for
inhibition of phagosome-Tysosome fuzfon. The exact.nature of
the surface-related inhibitor sti11 rumains unknown but the
possibilities are that either the mycobacterium produces a
"fusion inhibitor factor’ (Armstrang & D’Arcy Hart, 1375) or
that the sulpholipids 1n the outer layer of the bactarium are
themselvas inhibitory (Goren el al., 1874a & b; 1976)

These studies by Goren et af, show that ths presence pf
strangly acidic 1ipids in virulent strains of the tubarcia
bac{1Ti éra rasponsible for the 1nh1bition of-phagosome—1§sosoma
fusion. Later studies by Rastogi & David (1988) wonfirmed these
. findings by demonstrating the presence of strongly acidic

8042~ groups present opb the surface of the H3TRv stréin of

‘the tubercle bacillus but not on the avirulent strain, H37Ra.

The tubercle baciilus produces other substances which may play a
rola in inhibiting phagosome-lysosoma Fusion {Rastogi & David,
1988). One such molecule is cycIic-adanoéins monophosphata

(cAMP). Lowrie et al. (1875) have shown & marked alevation
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of cAMP 1n macrophages ingesting 1ive M.microt? but not in
those ingesting dead organisms., Thay rhowad that cAMP was
released by the bacterium into the phagosome and that this

ralease inhibited phagosome-1ysosome. fusion.

Asmonia produced by mycobactaria may aiso causq inhibition of
phagosome~lysosome fusion (Gorden et AF., 1980). This group
showed that culture filtrates of ¥.tubsrgulosis inhibit

fusion of yeast containing phagosomes with lysosomes. Théir
 stiudies offectiveTy demonstrated that the inhibition was caused
by ammonia prosent in the ¢ Tture Filtrates, Although amﬁonia
has been shown to rajse intralysosomal pH and to inhibit the
dayradation by lysosomal protains, 1t 1s uplikely that its
inhibitory action on phagosome-lysosome fusion oparates.through
interference with bH and protein metabolism (Gordon ei al.y
1980), This is borne out hy studies using chloroguine which :
demonstrate simjlar effects on pH and protein metabolism but
with an enhancement of pha9080m6~1YSDsome fusion (Gordon et

al., 1880).

A third factor which is thought to causs inhibition of
phagoscme~- 1ysosoms fusion g the presence of polyanionic
sompounds (ﬁastogi ¢ David, 1988). As discussed sarlier, Goren
et al, (1976) showed that strongly acidic suiphated

glycolipids found on the surface of the tubsrcle baciiius were
able to fnduce inhibition of phagosome-lysosome fusion. This
was Seeh both in axpsrimenté where the sulfatide was ingested by

the phagocyte prior to exposure to yeast, and in experiments
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whers yeasts used to assess phagosome-~Tysosome fusion wera
coated with the sulfatide (Goren et ai., 19?8). To

ascertain 1f the effact of the sulfatide was due to its
polyanionic nature, several in vitro studies were performed
using polvanionic substances. Oraper ot al. (1878) showed

that both suramin and poiv-aipha-D glutamic écid (1ysosamotropic
polyanionic subétances) could inhibit phagosome-1ysosome fus1oﬁ"
in macrophages ingesting M. Jeprasmyrium, an organism whicﬁ

does not normally inhibit phagosoms-Tysosome fusion.

Macrophages pre-treated with suramin (D’Arcy Hart & Young, 1975)
or poly-alpha-0 glutamic acid (D'Arcy Hart & Yound, 1978) also
showed inhibition of phagosome~1ysosome fusion following |
ingastion of yeast. These studies all seemed to 1nd1cafe a
possible role for these polyanionic agents in preventing

. phagosome-1ysosome fusion 1n magrophages infected with

M. tubsrculosis. More recently Garen et &47. {1387) have

refuted this hypothesis. Thésa authors suggest that the
polyvaniohic agents concentrate 1n.1ysasomes as é ge1at1n§us,
sluggishly moving mass that physically sntraps particuiate
electron opague markers or the acridine orange in a matrix that
may not transfer to phagosomes for mahy hours. Lowrie (1988), |
however, suggests that this may have resultad in an
overastimation of the inhibitory effects of the po1yaﬁion1c
agents, but that "the reality of the phanomanon 1ts§1f dogs not

seem sertfously threatenad by thes considarations”,
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2.5.5. Maodulation of Lysosomal'pﬁ

The ability of intracel.ular pathogens to alter pH lavels
within phagosomes pruvides an effesctive mechanism for bacterfai
~survival within the host cell (Black st al., 1986; Horwitz &
Maxfield, 1884). This would resylt in a decrasse in the
hydralytic activity of lysosomal enzymes and a probable
impairment of fusogenic activity of the phagosome with lysosomes
(Kielian & Cohn, 1980). Chicurel et gJ. (1988) showed that

a culture filtrate protein extract (CFPE) from

M. tubsrculosis reversibly increased macrophage 1ysosong!

pH. They suggested that an inhibition of phagosome~1yaosome
fusion mediated by a diract effect of the OFFF 6n the ivsosome
rather than on the phagosome would be a probable consequence of

this alkatinisatien (Chicurel et al., 11988).

2.5.6. Flectron Transparent Zone

An additional protective me.nanism adopted by mycobactaria is
the formation of an ’a'lect-ron—tlra'nsparant zone! {ETZ) following
phagocytosis (Restogi & David, 1988). This ET consists ¢
é—ﬁyco#idas (paptidoglycb1ip1ds) and has basn shows to develop
around varicus mycobacteria fn1iow1ng their ingestion by
wacrophages. These inciude, M.avium (Drapgr, 1974)3

M. lapras (Fréhel & Rastoéi, 1987) and M. lepraamurium

(D'Arcy Hart et al,, 1972). The lipd-rich zone interferes
with the abi11ty of the phagosocme to fuse with the lysosome.
This {s apparently due to the direct interaction of the lipids
in tha ETZ with the 1ipids of the phagosnma membrane (Lowria,
1988). It has also been suggested that the ETZ may function by
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brevanting the hydrolytic enzymes from attacking tha call wall
of the engulfed mvcobactaria by preventing the normal diffusion
of the enzymes, irraespective of successful phagosene~Tysasome
fusion (Rastogi & David, 1988). The V1ipids in the Efz ara also
a possible site for harmiess peraxidation by the reactiva oxygen
metaboiites produced by the phagocyte, tharaby protecting the
inner basterial cell wall from the ravages of these lethal towic
molecules {Whealer & Ra'ledge, 1988), However studies
undartaken by Fréhel et af. (1986) showed that following
phagocytosis only 7-15% of M. ituberculosis formed the ETZ,
whersas 85% of #.avium did so. This implies that although

the ETZ may be important in protecting some species of
mycobactaria, it 1s not an important protective mhchanism for

the tubercle bacillus {Rastogi & David, 1988).

2.5.7. Interference with Antigen
Presantation (T Lymphocyte
ﬁctivation) :

As discusssd in section 1.4., an.important Ffunction of the

marcraphage is to activate T lymphooytes (antigan-spesific celiw

mediated responsa) (Unanué, 1972; Rosanthal e af., 1975).

For activation of these cells to occur jt 18 essential that the
macrophage process mycobacteria1 antigens and then pressnt them
In conjunction with Ia (or DR antigens) to the Y lymphocyte
(Bhardwaj & Golston, 1988). Mycobacteria may act at this leval
by intorfering with the antigen presenting process (Ivanyi.
1986}, Tt is possible that poorly degradable polysactharide or
glycolipid constituents persisting 1n tissues for lon, periods

after the killing and disintegration of tha organishs gould
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selectively modulate the Ia-associated events of spitopa
prasentation (Ivanyd, 1988). In this g¢ontext, arabinomannan,
purified from culture fiitrates of M.tubercuiosls, was shown

by ElTner & Danfel (1978) to suppress antigan dependent:
Tymphocvte proliferation 7nh vitro., This suppresg¢ion was

shown to ocour by a disruption of the functional interaction of
antigen bearing macrophages with antigen spacific Tvmphocytes.
sibley et al. (1990) demonstrated that pre-incubation of the
macrophages with lipoarabinamannan, a major constituent of the
outer cell wall of the mycobacterium species, blocks activation
of tha macrophage by IFN-gamma, These authors suggest a -
blocking of IFN~gamma signal transduction within the cell at
someé paint after receptor occupancy leading to an 1inhibittien df
la exprassion and a blocking of macrophage activation. Wadee
et al. (1983) also showed the mycobacteria’ phosphelipids,
ré1eased by the macrophaggs following degradation of the
bactarium, activates suppressor cells that non-specificaliy
aubpress Tymphocyte proliferation to antigens or mitogens.
Furthermore, monacytes derivad from tuberculeus patients hava
been shown to sxpress significantly lower amounts of Ia on thair
gurfaces (Efiner, 1986}, Thls has baen cofra?ated with the |
suppressed mononuclear cell responses to antigen (PPD)
stimulation. In vitro culturing of these cells for 24

hours, however, appears ta restore the axpresian of Ia en these
cells. It has been suggasted that the expresion of la fn

vitre could be dus to regeneration of these molecules (Ellnar,
1986). A Further explanation has heen suggested by Tweardy et

al. (1984), who postulated that fmmature la- moncoytes mey
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have & distinctive 1mmun6ragu1atory rola. This is particulary
plausibls in Tight of the studjes of Plerras & Germatn (1978)
who demonstrated immunosuppression mediated by Ia- zells.
Ev-dence also {ndicatas that a raised bone marrow production of
monorytes and early release of monodyte precursors may ba
rasponsibla for the raised number of Ia- monocytas (soamitt e
at., 1977). '

For more efficient functioning of the macrophages, activation of
thesa cuils ocours via a Tymphokine, IFN-gamma, produced by T
lyiphocytes (Nsthan et ar;. 1984). These sctivated

macrophages have enhanced microhicidal activity and express more
Ia on their surface (Nathan of al., 1983; King & Jones,

1984),

By preventing activation of the ant{gen specific arm of tha
teming response and by inhibiting the intracellular ki11ing
capacity of phagogytes, the mycobactsfium has produced an idenl .

environment for 1ts growth and multiplication,
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5. INTERFERON
3.1. INTRODUGTION

Interfarons wera first chsracterised as substances that

inhibit virus replication but have subsequently been shown to
have an effect on faany componants of the immune system (Morris,
1988). Interfarons are classified into 3 types, alpha, beta and
gamna, according to their antigenicity (Morris, 1988),

IfN-alpha and -beta are vary similar to each other, both
biochemically and biologically, and are probably produced by
most virally infected cells {Morris, 1988).

Tha different IFN-alpha molecules have molecular weights ranging
from 18 to 23 kiledaltons (kba) and are not glycosylated
(Oppenheim of a7,, 1987). IFN~bsta has a molecular weight

of 23kDa and is ¢lycosylated; IFN-gamsa has a molecular weight
ranging from 20 to 25kDa and is also glycosylated (Oppenheim
et al., 1987).

3.2. GAMMA~INTERFERON (iFN*GAMMA)

IFN-gamma (or *immue interferon') has, over the past fow

years, become recognised as the major product from lymphooytes
that alters phagocyte Tunction (Scheffner & Ra115tab,.1oaa;
Nathan et al,, 1983; Morrison et 4., 1987). It has been

shown to act as & wacrophage and PMN activating factor resylting
in an enhanced ability tc'dastroy Tacultative and obligate
intraceilular parasites and tumours (Adams & Hamilton, 1987).
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3.2.1. Source of IFN-gamma

Production of IFN-gamma by lymphocytes is induced by antigens,
mitogens or the cytokines, tumour nacrosis faotor (TNE},
interteukin-1 (IL-1), interleukin-2 (IL-2) and colony
stimulating factors (Balkwill, 1988). T calls (CD3+ cells) have
been shown to be the major source of IFN-gamma (Kazahara et
al., 1987). Natural killer (CD18+) cells and other IL-2
receptor positive and E rosetting mononuclear ¢ells (which do
not. ful¥111 the criteria for either T ¢all, B cell or monocyte
Tineages), have also been shown to produce IFN~gamma (Sandviy
et al., 1987},

3.3. EFFECTES OF IFN-GAMMA

Much of the work done on the activating effacts of IFN-gamma
on phagocytes has focused on the mohocyte/macrophage system.
The dose at which IFN~gamma appears to be effectiva varies TFrom
<1 to 500U/ml (Hoover & Meltzer, 1969). .This wide dose range
reportedly allows for the Fine tuning of:manOcyte rasponders,
eupecially in co-operation with ather mediators of monocyte
activation (Hoover & He1tiar, 1989). Monooyte stimulation has
beon shown to occur after IFN-gamma binds to specific receptors
on the monocyte surface (Celada ot a&l., 1984), Other

studies using tiposomes have {ndicated that receptor binding
could ba bypagsed (Koff ot al., 1985). Whethar the IFN-

gamma receptor 1s the first element of a signal transducing
system or whether the receptor functions as a vehicle for |

transporting 1ts Vigand to intracellular recaptors therefore



73,

remains to be determined (Aguet et al., 1888), With

regard to receptor-mediated binding, recent evidence indicates
that freshly isolated monocytes bind the Tymphokine via a singla
type of receptor whersas monocytes cultured for 5 days or mbra
express IFN~gamma receptors with two different affinities
{Yoshida et al., 1988). Once bound, IFNﬂgamma.1s rapidly
internalised and results in the activation of a number of genes.
1eading to the da novo synthesis of numerous surfaca.and |
secretory proteins by the macrophage (Adams & Hamilton, 1987).
These includs the production of MHC antigans {Adaws & Hamilton.
1987), and tha cytokines IL-1 (Newton, 1985), IL-2 {Herrman s
al., 1985) and tumour hecrosis factor (Beutler ef al.,

1986).

The exact sequehce of events occuring bhetween binding of IFN-
ganma to its receptor and gene activation is, at prasent, not
known. However, IFN~gamma has been shown to induce sTow rises
in intracellular levely of calcium (starting §-10 minutes after
pinding and be1hg compisted by 15-20 minutes) (Somers et

al., 1988) gnd to enhance the potential activity of proteln
kirase ¢ (PKC) (Figure 11). Addit{onal stimulation of the calls
with & secondary signal (e.q. LPS) resuits in enhanced
phosphorylation of sndogenous protein substrates (Adams &
Hamilton, 1987). How thase factors then activate the

interforon~responsive geneg ramains'tn ba astablishad.
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3.3.1. Effects of IFN-gamma or the
Expressinn of Surface Receptors

Many of the molecules expressed on the manocyta'surfaca, after
axposure of the cells to IFN-gamma, have bsen shown fo
damonstrate recaptor funetion (Hoover & Meltzer, 1989). Some of
tha receptors expressed include: IL-2 receptors (Herrmsn et

al., 1985); high affinity Fc-gamma raceptors (Guyra et

al., 1983): leukocyte functjon adhesion-1 (LFA-1) molecules

(Woinberg et al., 1884); and MHC Class II molecules (King &

Jonas, 1983). The increased exprassion of these receptors may

have important consequences far cell funchion:

1) IL-2 may play a role in granuloma formation since
macrophages in a granuloms have bean shown fo exhipit
receptors for IL~2 (Hancock ot al., 1988).

2) An increased expression of Fo-gamna receptors on
macrophages enhanqas-the ability of the macrophage to
ingast opsonisad particies (Gu?re &t al., 1983).

8) An enhanced expression of LFA-1 moleculos ig Tikely to play '_

. a role in the development of mu]tinuc1ahtqd Qaint.GB]TE. i
sihce this molecule has been shown to mediate monocyte
aggraéation.(we1nberg et al., 1984),

4) The increased expression of MHC Class II moltecules endows

the macrophage with the ability to prasent more processad

antigen to T lymphocytes (Rosenthal et al., 1978),
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3.3.1. Effect of IFN-gamma on Production
of Secretory Products by
Macrophages

TFN-gamma has also beon shown to induce monoeyte production
and secration of soluble factors (Adams & Hamilton, 1987).
These 1nclude: increased TNF secretion (Phi111p & EpSté1n,
1986); 1{ncreased IL-1 synthesis in response to LPS (Gerrard et
al., 1987); enhanced prostaglandin release {Stevens et

al., 1989) and the synthesis of dihydroxy vitamin Ds (Roock

et al., 19868) 1s increased.

TNF, which is released by activated macrophages in developing
granulomss may act in an autocrine way to enhance i1ts own
synthesis and release. This process would favour further
aceunulation of macrophages and an increass in the
differantiation of thase latter cells into epitheliod cells.
Thig leads to the formation of a fully developad gfanu1oma
capable of preventing bacterial dissemination and allowing
efficient bacterial ki1i11ing (Kindler et al., 1989,

'_ IL~1 will act, in conjunction with antigen, as an activater of T
Tymphocytes (Sisson & Dinarello, 1989) and these activated T
calis (both helper and cytotnxicj then play an imperiant 1

_ the killing of M. tuberculosis (Kaufmann, 1989).

The enhancement of prostogiandin relesss may, contrary to the '
other cytokines, act to downregulate the macrophage responsa to
foreian organisms, thereby terminating sn astive immune response

(Stevens et al., 1989).
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The increased producticn of 1,26-dihydroxy vitamin D has bean
shown to enhance the inhibition of growth of M.tubsrculosis

within macrophages (Rook, 1988).

3.4. THE ROLE OF IFN-GAMMA IN ENHANCING
BACTERICIDAL FUNCTIONS OF
PHAGOCYTES

Activation of the macrophage and PMN ¢s1l intraceliular

ki11ing abiiity has been shown to ocour in the presence of
IFN-gamma (Nathan et a?;, 1983). This function of IFN~gamma
has proven to ba important in anhanaing ths phagocytes capacity
of k1111ng several intraceliylar pathogens, inciuding '
Biastomyces dermatitidie (Morrison et al., 1989), |

Listeria monocytogenes (Pack, 1989) and mycobacteria (Walker

& Lowrie, 1981; Crowle & May, 1981; Rook st al., 1985).

The presence of IFN~gamma has been shawn to result in an
effective anhancement of the oxidative metabolism of both
phagocytic cell types (Peck, 1989: Caésate11a et al., 1988),
resuiting in an increased production of tuxic reactive oxygen .
radicals such as hydrogen pafaxide,‘h?draxyl radicals and
superoxide (Pock, 1989). | |

Enhancement of phagosome-lysosome fusion by IFN-gamma has been:
wall documented. Experiments with the intracellular parssite
Satmonella typhimurium, that inhibits phagosome-1ysvsome
fusion, demonstrated that IFH-gamma could effectively reverse

" this inhibition (Kagaya et al., 1989). A similar

enhancemant of phagosome-lysosome fusion was shown in

g aam e pp T e e
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bone-marrow macrophages infectad ufth Mycobactarfum'bovfs
(Flesch & Kaufmann, 1888}, Recombinant IFN-gamma activated
bonhe-marraow macrophagaes have basn shown to inhibit mycobacterial
growth by 98%. Addition of increasing concentrations of
suramin, an inhibitor of phagosame~ lyscsome fusion {D’arcy Hart
& Young, 1975), practically reversed this growth inhibition. In
“addition, Flasch & Kaufmann (1988) ghowad that inhibition of
mycobacterial growth was not reversed significantly by oxﬁgen
scavengers. Together thesa iwo findings suggest that
enhancement of phagosome-1ysosome fusion might be another
machanism by which IflN-gamme activataes macrophage

antimycobacterial activity.

An inhibition of the intracellutar multipiication of
.Legfoneria prisumophiTa within monocytas treated with

IFN-gamma has also heen documentad. ¥n this system IFN-gamma
Timited tke availability of iron and down~regulated transferrin
raceptors (Byrd & Horwitz, 1989). L. pneumophila has &
dafinita metabolic requirement for iron.and phagocytes acquire
tron via transferrin receptors. By down-regulating the numbar
of trangferrin receptors on the cell surface, IFN-gamme Timits
ths amcuﬁt of 1ron within the cell and thereby 1imits

L.pnaumophila wuitiplication (Byrd & Horwitz, 1989).

Inhibition of intracellular growth of both bh?amydia
psittaci and Toxoplasmg gondii within ¥ibroblasts has been
shown to depend on treatment with IFN~-gamma (Byrne et al.,

1986: Pfeffarkorn, 1884). It has bean postulated that ;he
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machanism by which IFN-ganwma énhances ki17ing in this system
1s by the induction of indoleamiue 2,3~d{oxygenase which
catalisas the degradation of tryotuﬁhan. IFN-gamma has baen
shown to inducde irdoleamine 2,3-Zjoxygenase activity in
moncovtes and macrophages, thereby posaibly enhancing the host

defencas against these organisms (Carlin et ai,, 1989).

Angthar role of IFN-gamma in ausmenting intracelluiar k{1ling s
its ability to stimulate the release of lysosyme, & potent anti-
bacter{a1 agent, from lysosomes (Lewis &f al., 1990). The
studies carried out by Lewis et a7. (1990) showed that |
IFN-gamg, in the prasance of suhoptima1-concenﬁrations of LPS,

stimulated monocytes to release greatar amounts of 1ysosyme.-

3.5. ROLE OF IFN~GAMMA IN MYCOBAGTERIAL
INFECTION

In view of the abil<ty of IFN-ganma to activate the various
intracellular ki11ing mechanisms, a role for IFN-gamma: {n
activating phagocytes to ki1l mycobacteria can be envisaged.
Savaral recent gonflicting reports have appearad.examining thesa
effects (Douvas et al., 1986; Rook ot &l1., 19864; Flasch

& Kaufmann, 1987).

Douvas et al. (1985) showed the IFN-gemma pretreated
macraphages bacama tumouricidal and Teishmanicidal but that
thare was an enhanced replication of mycobacteria in these
macrophages, Other groups (Walker & Lowrde, 1981; Rook et

dl., 1985) have shown that m'=~ine peritoneal macrophagas can
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be activated by unpurified T cell producﬁs. which may contain

- IFN-gamma. This resultad 1in the intracellular destruction of

M.microti (Walker & Lowriam, 1981} or the ihibitition of

M. tubarculosis multiplication within macrophages (Rook ot

al., 1988), Rook of af. (1986) have also shown that

IFN~-gamma has variable effects on mysobacterial growth in human

motiocytes. Thase vary from enhancement of growth of

mycobacteria (Douvas et al., 1988) to significant inhibttion

of growth of the organisms (Flesch & Kaufmann, 1987), This

41ffared frum.tha effect of IFN-gamma on HOUSE peritoneaT

hacrophages where consistant inhibition of growth was seen {Rock

et al., 1986a). Such discrepsncias may be dus to the fact

that thare are distinct subpopulations of macrophages at

diffarent stages of maturation in the human system (Rook et

al., 1956&). .F1asch & Kaufmahn have done an axtensive amount

of Work with the anti-mycobacterial function of murine bone

marrow-derived macrophages. Thair data shows that:~

(1) when treated with IFN-gamma, the magrophages have
1héraased anti~mycobacteria) activity (1987);

(1{)  diffarent strains of M. tuberculosis have different
suscaptibility to IFN-gamma activated macrophages f198?):

($11) inhibition of M.bovis by IFN-gamma activaced
macrophages is an oxygen-independent process since the
inhibition was not reversed by Scavengers of reactive
oxygan metabolites (1988);

(iv}  enhancement of phagosome~lysasome fusion to due to
IFN-gemme treatment might result 1n this inoreased

inhibition of mycobacterial growth (1988),
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3.6, CONCLUSTION

‘The exast role played by IFN-gamma in tuberculosis fis

therafore sti1l uncertain. This uncertainty 15 underscored by
two recent review articles by Kaufmann (1959) and Rook (1990)
which emphasise the gpposing roiag of IFN~gamma. Kaufmann
(1989) has suggested that IFN-gamma plays an important role in
pretection against the tubercio baciltug, whilst Rook {(1890) has
suggested that IFN-gamma has only a partial restorative sffect
in humans and may in fact play a more important role 1n the
1mmun0path5109y of tubsrcuiosis raﬁhar than in 1mmdn1ty ta the

disaann.
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CHAPTER 4
MATERIALS AND METHODS
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4.1, PREPARATION OF MYCOBACTERIUM
TUBERCULOSIS ORGANISMS :
4.1.0. Bacterial Isplation and Praeparation
M. tuberculosts organisms from human sputum specimens were
grown on Lowanstain-Jansen sTobes for 2-3 weeks at 37oc.
Colonies ware scraped off into physiological saline and the
suspension was centrifuged at 200g for & minutas to Eemove any
of the Lowenstain-Jensen medium that may have contaminated the
bacterial suspension during the isalation procedure. The
supernatant was collected and centrifuged at 800g for 30 minutes
at 4%¢, followad by 2 successive washings of tha pellet in |
aaline, The mycobacterial suspension was homogenised with a
homogeniser using an 18K probe (Janke & Kunkel KG, Staufen,
Brefsgau). The mycobactaria were then autod1avad and sonicated
in an MSE Boniprep 150 santcator (18um perk to peak}. Al
homogenisetion and sonication was carriad out at 49¢, The
- sonicated material was centrifuged at 800g far 15 minutes, the
supernatant carefully collaected, and the protein concentration
of the sonicate determined using the Biorad protein estimation
xit (Biorad Laboratories, Richmond, California, USA) aocord1hg
to the manufacturers instructions, Tha myschacterial sonicate
was aliguoted and stored at concentrations of img/m) at -200C

uhtil required.

4.1.2. Fracvtionabiaon ar M. tuberculesls
Extracts by Gel Filtration
Chromatoygraphy

Bonicated M, tupgrculosts extract was passed through a

saphagryl §~200 column to separate various fractionsg according

o sizea,
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4.1.2.1. Preparation of Sephacryl S-200
Column :

Saphacry! §-200 (Pharmacia Fine Chemicels,  Uppsala, Swaden) was
packed 1n a 240 x 150mm Pharmacia column by gravity, Thjs
column was equitibrated with PBS (pH 7.4) {appendix I) at a flow
rate of 0.5m1/minute for a further 2 days at 49C. Even

packing of the column was confirmed by observing the passage of
Dextran blue T2000 (Pharmacia, Uppsala, Swedah) through the
column. The void valume af the caTumn,'as detarmined by Dextran

blue exclusion, wa. Found to ba 80ml.

4.1.2.2. standardisation of Columns

Cotumns ware standardisad by using protetns of known molecular -
waeight. These 1nc1ﬁded: ribosuciease (14kDa}, “ymotrypsin
(25kDa), carbonic anhydrase (30kDa), bovine seérum albumin
(87kba), alcohol dehydrogenase (150KDa); aidoiaSB_(153kDa) and".
catalase (232kDa) (a)t from Pharmacia Fine Chemicals, Uppsala,
swoden). The protetns were dissalved tn PBS to a Final
concentration of &mg/ml., Two mil1i1itres of each nrotéin-
soTution were layered onto the column and the fractions
collected 1n 1ml volumes in a Spectra/chrom fraction collector
(Sbectrum Medical Industriss, Los Angeles, USA). Fraction |
collection was initiated when half the protein solution was
Judged to have entersd the column. The elution volume of
various standards were determined and a standard curve drawn

tharefrom.



85.

4.1.2.3. Fractionation of M. tubercwlosis
sohigates on Saphacryl S-200
Columns _
Te fractionate M.tuberculosis antigens, 2mt of mycobacterial
axtract at a congentration of img/ml was loaded onto tha
column. One miili1itre fractions eluting from the columnr wera
‘collected and protein elution profiles of the fractions were
assassed, 8y comparison with elution profiles of tha known
standafds, aight major prute1n-pe£ks {arbitrarily defined and
alphabetically termad A - J) of moiecuiar'siia ranging from 669

to 14 kilodaltons (kDa) were cbtained.

4.1.3. Concentration of M.tuhsroculosis
Fractions : :

The major protein peaks obtained from the column haye brev1ous1y
been assessed for their ability to inhibit the intrace)iular
kiiTing capaciiy of phagocytes (Wadee et al., 1987). To

confirm these results, and to determing more pracisaly its mode of
~ action, the effect of the 25kDa fraction on athar phagocyte |
functions was investigated, :The aliguots 1n pexk H (elubtion
vb1ume 106-126m1) corrasponding to proteins of a molecular waight
of 25kDa, wera pooled, puured into spectrapor diéiysis.tub1ng |
(Spectrum Medical Industries Inc, USA - molacular weight cut off
point 6-8 000 daltons) and concantrated by placing tha d1a1yéia
tubing in Acquacide IT (Calbiochem Corp,, La Jolla, USA) at 40C.
Protein estimetion was done on the concentrated fraction.using the
Biorad protein assay. A standard curve was plotted by aw  *ing
the absorbance values of known concentrations of BSA (ranging from
2-200mg/mi}. The concentrated frastion at img/m! was then
aliquoted and stored at -709C.
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4.2. ESTABLISHMENT OF MONOCYTE
MONOLAYERS -~

Yanous blood was collected into preservative free haparin
{1ounits/ml - Sigma, 5t Louis, MD, USA), separated by
centrifugation on hypaque-ficoll gradients and the monbnuc1éar
cell fraction at the plasma-ficoll interphase collectad. Tha
cells were washed 3 times in physiological saline and
.rasuspended in REMI-1640 (Highveld Bio1dgicals, Johanhesoury)
containing 10% fresh autologous human serum. Mononuclear caells
at a concentration nf.a x 108/m? wore then plated in 16 4
wells of lab-Tech tissue culture chamber/s1ides (Miles
acientific; Naperville, I171ineis, USA) each 3311 cuntéin1ng
0.5m1.

Cell cuTturas were incubated for 60 minutes at 37°C in a
humidified incubator containing 5% €Oz and 85% air. At the

end of this culture period non~adhareht'cel1s.were removed by
washing 3 times with warm'(37°¢) saiina. The remaining
'adherent calls ware then cultured in RPMi~1640.cantain1ng 10%
frash autologous serum and 100 un1ts-of pen101111n aﬂd
streptamycin. Cultures wers maintained by removing half of the
supernatant flutd and replenishing with an equivalent amoun; of'
RPMI~1640 madium containing sarum evyry 4 days. Growth of cells
was sxamined using an ' nvertad microscope and wells waré
expanded when the monolayer had reached fsz confluency,
Expansion of calls was parformed by vigorous pipetting of ¢ell
culturas followed by plating 1nto eguivalent wells with an egua)
voluma of medium contalning 10% fresh autologous serum. Cell

viabiility was assessed by trypan biue exclusion and call
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culttures were maintained far 2 months or longer. To ascertain
thy purity of the macrophage cultures, the cells were incubated
with tha monecional antibody OKM1 (Ortho Diagnostic 3ystems
Inc., Raritan, NJ, USA), stained with the esterase stain &and

assessed for their phagocybic ability.

2.1. Assessment of Macrophage Purity
2.1.1. Assassment of OKML Ginding by
‘Macraphages in Culturs
Macrophages grown in tissue chamber slides ware fixed onto
slides by adding methanol into the chamber and incubating at
room temperatura for i minﬁte. The s1ides were washed and 200u)
of tha manoclaenal antibady OKM1 (Ortho Diagnostic Systems Inc.,
Raritan, NJ, USA ~ 1:50 dilution) were added to each chambar and
the s1ides incubated at room temperaturs for 2 hours, after
which they were washed 3 times in PBS. Fiuorescein
isothivcyanate labelled rabbit anti-mouse ant{body (Boahringer
Mannheim, Frankfurt, Germany - 1:50 dilutian) was added to sach
“charber and the slides incubated for 80 minutes in the dark.
The unbound conjugated antibody was wauhed 6ff with 3 washes in

PBE and the slides viewsd upder a fluorascent microscoy .

4.2.1.2. aAssessment of Esterase Activity of
Adharant Calls

Esterase activity was assessed by the naphthy) acetate method
(Davis & Ornstain, 1969), A solution of pararosanilin was made
by adding 2g of pararosanilin hydrochloride (Chroma, Stuttgart,
Garmany) to 6m1 of 2M hydrochloric scid (Merck, Darmstadt,
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Germany). This solution wags Filtered and stored at 40C

unti1) used. Sodium nitrite solution was made by adding 400mg of
sodium nitrite (Analar-BDH, Poole, UK) to 10m) distilled water.
This selution was stored at 490 for no Tongsr than 2 days.

The incubation mixture for the esterase staining was prepared
treshly each time by adding 0.4m) of pararosanilin solution to
0.4n1 of sodium nitrite solution, Tha reagents were allowed to
react for 1 minute to form hexazotized pararosanilin {HPR) which
was then added to 7.25m1 of phosphate buffer salution (2.75%
NaHzPO4H20). Two hundred and fifty microlitres of freshly

made &lpha-naphthylacetate (1% in acetone) was added to the
incubation medjum, The pH was adjusted to 7.4, after which

2.5m1 of distilled water was added to the mixtura.

" telis were fixed on slides in 2% g1uter§1d9hyda (BDH Chemicals
Ltd., Paola, UK - diluted in PBS) for 10 mfnutés. The s1ides
wera then washed in water for 20 minutes and tha water changed
10 times 1n the course of the washing procedurs, S1ides were
stafnad for 60 minutes at 37%C using the incubation mixture
for esterase staining, followed by washing for 10 minutes under
running water and then dehydrated using 1ncreasin§

cone ntraviens of alcohol (50%, T0%, 90%, 96% and 100%),
immersed in Xylene and mounted with DePex (Gurr, BDH Chemicals
Ltd.; Poaie, UK). The number of esterase positive cslls were
enumerated under o1l immersion (x100 Yens) and expressed as &

parcentage of 200 adherent cells counted.
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4.2.1.3, Phagocytic Preoperties of Adharent
. Cells

Bakers’ yeast prepared as described in Section 4.4 were used,
To adherent cells, grown on chambar slides, 0.1m) fresh human
AB serum and 0.1m} Bakers’ yeast (6 x 108/m1) were added.

Tha chamkar sl1i1des were then placed on a shaker and incubated
at 3790 for 30 minutes. At the end of the tnhcubation period
the slides ware fixed 1n methaiso]l (BbH Chemicals Ltd,, Pooie,
UK) for B minutes, washed in water and stained with = 1:10
d11ut1on of Glemsa (Gurr Ltd., Londoh, UK) in physiclogical
saline for 5 minytes. Slides were dried and 200 ce)ls counted
under oi1 jmmersion lens. The numbef of cells that had
phagocytosed Bakers’ yeast were expressed as a percentage of

the total numbar of ce11$.

4.2.1.4. Preparation of Adhgrvent Monocyies
for Studies of Bactaricidal Ability

- Far bactericidal studies, assessment of lysosyme prbduction.
H50§ production and glycolysis, where 1afga numbers of
adherent cells are needed, adherant celils ware cultured on
plastic tisgue culturs plates (145/20mm ~ Grainer
Labor-technik, Solingen). Twenty mill11itres of mohonutler
cetls at a concentration of 3 x 109/ml were added to each
plate and the plates incubated in a humidified incubator at
379¢ overnight. |
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Further preparation of the adherent cell cultures was describad
~ for the cells isolated an culture slides (Sectioh 4.2.).
tultired monngytes ware removed by treatment with [rypsin-EDTA.
The monolayer was washed with warm (37°C) physiological

salina and 18m1 of a mixture of Trypsin-EDTA containing 0,125%
‘Trypsin, 0.05% EDTA in phosphate buffered saline (Highveld
Biologicals, Johanhesburg) was added to the monolaysrs and the
cutturgs incubated for a further 15 minutes at 379G, Cslls
ware ¢pliacted, popled and washed 3 times with cold RPMI

coptaining 10% heat inactivated foetal calf serum (Highveld

Bioicgicals, Johann 3. Thay were then counted
and reconstituted in . vatic of 1 X 107 /ml.
4.%, © ISOLATION DF PuLy . .(ONUCLEAR

LEUKOCYTES (PMN CEL.S)
FMN cells were obtainad from normal velunteers following
centrifugation of heparinised peripheral blood on hypague-ficoll
density gradients. The cell pellete obtained were resuspanded
ir 33m) of physjological seine and mixed with i2m1 of 3%
gelatin (Difeco, Detroft, MI) in saline. Tho cell-gelatin
suspension was incubated &t 379G for 30-60 minutes ang the
Teukoeyte rich suparnatant removed, centrifuged and washed twice
in saline. Residual erythrocytes were Tysed with 0.83% émmonium
chlaride (Appandix 2) at 4°C for 10 minutes. The remaining
PMN cells were then centrifuged at 100g, washed, resuspended in

saline and brought to a concentration of 10 x 108/m1 in PRS.
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4.%.1. hsse=nement of Purity of the PMN
GCell Susponzions

To ascertain the purity of the PMN ¢all preparations, the cel)
suspansions wers countad in Turks’ white ¢ell counting fluid and
in a Sysmex KiL90 (Milsh, Japan) cell countaer, Evidence of PMN
¢011 purity was assessod by adoing 50ul of 6011 suspension to
ABOUY of Turks' white cell counting fluid and the percentage PMN
cells ascertatned microscoplieally. Tha cell sustiensions were
also agspssod by differential count in the Sysmex K1000 cell

countar,

4.4. PREPARATION OF SACOHAROMYCES
CEREVISIAE (BAKER'S YEAST)

commereially available Bakera' yoast was prepared by suspending a
small peilet 1n physiological saline, washing 3 times by
contrifuging 60ml suspensions at 400g and resusponding in saline
each tims. Tho yeast warg killed by hoating at'aouc for 60
minutes., The organisms woere then washed with saline, rosuspended
£ a vonéontration of § x 107/m1 1n saline and stored ot

~<200C uniit vsed. For exporiments %o assesd phagnsons-1ysosome

fuytan, yoasts woro washed but not heat k11%ed.

4.5 FREPARATION OF SYAPHYLOROCOUS
AUREUS (8. AUREUS)} UBRBANISHSE

Colonies of Staphylpcogous aurdus Cowan Strain A

(& qureus) orgunisms ware innoeulated inte 60mT of Mullar-
Hilton medium and allowsa to grow for 3~4 hours at 379C, The
grgamiumy word thon wagshed by 3 cantrifugationﬁ at 4009 in
physfelegical saiing. The & auraus o ganisms were than

rosuspendod 10 PRS $0 a final concantration of 1 x 108/mi,
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4.6, PHAGNCYTIC ABILITY OF PHAGOCYTES
When thes phagocyte comas into contact with an invading migro~-
organism 1t will engulf the organism and form a phagosome around
1t (Werb, 1987). Initial experiments were therefore desianed to
avaluate the effact of the the 28kDa mycohacter151 fraction on
the phagocytic ability of PMN cells and cultured monocytes.
Congentrations of cultured monoeytas or PHN sells were adjusted
to 1 x i07/m) and 0.3m1 of this suspension was incubated with
0.1m1 of Bakars®' yeast suspension, 0.1ml of human AB sarum and
0.1m1 of the 256kDa frastion (§0ug/mi - final concentration) in
sm) tubes. The non-phagoeytic control consisted of 0.imi of
Bakers' yeast suspansion, 0,1m) of sarum and 0.3m1 of PBS,
Gulturas ware incubated at 379C on a rotating wheel for &0
minutes and 0.2m1 aliquots were removed every 10 minutes and
added to 0.8m1 of Turks laukagyte counting Fluld. Phagoeytosis
was expressed as tha percentags of yeast which had heen
ingested, This was calculated by counting the number of
extracetlular yeast partisles on a Neubauer heamacytometar and
using the farmulas |
Wo. of axtracelluar arganisas

§ phagncytosis = J00 « em . x 100
o, of oroanisag in noa-phagacylic contral

4.7, BACTERICIODAL ABILITY QF PHP{GOCYTES.
To assass the bastericidal ability of phagocytes, stapnylococcus
organisms wore incubated with monocytea or PMN cells for a
period of time after which th.. number of organisms nob killed
was assossed by culturing supernatants from lysed ¢olls on blooy

agar, using a modified technique of Quis ei al. (1587).
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Each test system contained 0,5m1 of 10 x 108/m1 PMN ceils or
macrophages; 0,1m1 of &, qureus and 0, Il fresh aubologous
serum. To assess the effect of the 25kDa fraction an the
bactaricidal ability of phagocytss, 0.iml of different
concentrations of the 26kDa fraction (10,80,100mg/m1) was added

to gach culture syetem.

one hundred misrolitres of IFN-gamma (rIiFN«gamma - Anersham
International, Buckinghamghire, UK) at different concentrations -
{60,900,200nmg/m1) wore added together with 100u) of the 2&Kkba
mycobactarial fraction to some test systams. In agdition, &
¢all freg control system contained 0.1mT serum; Q.1m1 of -
8.auraus and 0,8m1 PBS. The final volume in &1% culture
systems was brought to imt with sterile PBS. Cultures were
ingubated at 379C for 90 minutes ¢ a rotating wheel, At the
end of this peried, 0.1ml aliquots ffom each system were added
to 9.9n1 sterile distilled water and then sarially diluted in
distilled water to a dilution of 1 x 10%4 and 1 x 10°5, Of
these ditutions, 0.7 was pjatad out on blood agar plates and
the plates incubsted overnight at 379G, after whiéh the
colonies wars counted. The diffarence in counts betwoen the
tost and control systems wara assessed afior approximataly 18
heurs and the percentage of hacteria killed intrace11u1ar1y was
determined using the formula:

No, of colonies fn test systea

% killing 2 100 - - x 1
Ho. uf colonies In cell-fraa conteal systen
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4.8. PHAGOSOME~LYSO0SOME FUSICH

Whon microorganisms are ingasted by phagocytes, they are
enclosed within phagosomes (Werb, 1987). Lysosomes presapt in
the cytoplasm of the phagocyte are capsble of fusing with and
discharging their contents into the phagosome such that the
foreign particles within the phagosome are degraded (Armstrong %
DfArgy Hart, 1971), To assess the process of phagozome~1ysosoms
fusion D'Arcy Hart & Young (1971) described a teshniqus whereby
phagocytes ara incubatad with agridine orange, a Tysomotropic
fluoresent dye, which will be transferrad to the phagosoms if
fusion of the Tysosome and phagosome occurs. Phagocyﬁosed yeast
particies will then fluoresce green 1f thay ara killed,

indicating successful phagosome-lysuseme fusion.

Monooytes or freshly prepared PMN cells at 1 x 108/m3 wére

used to azsess the effect of tha 25kDa on phagosome—1ysosome
fusion, Monocytes grown in cultura on 8 thamber Lab~Tek 811ides
were prefabelled with acridine orange (Merck, Darmstadt,
Gormany). Two hundred mi1191itres of the acridine orange
solution (Sug/mt) were addad to asch chember. Gultures wére
then incubated for 15 minutes at 379¢, after which the
aaridine orange was poured off, fresh RPMI (maintained at

379C) added to each chamber and the ¢olls incubsted for a
further 15 minutes at 37°C to allow for the dys ta concentrate
in the tysosomes. The cells wers then washed 3 times wish warm
{379¢) medium and used in assays to visualige phagosome-

Tyangome fusion,
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To labal PMN calls, asridine oranga (Sug/mT) was added to Zmi of
a PMN cell suspension, and the tube fncubate” ° *79¢ for 16
minutas. ¢alls wers theh centrifugad at 2004, resuspanded in
RPMI (matntained at 379C) and incubated for a further 15

minutes at 370C.

Acridine orange labelled phagoocytes wers incubated with.
opsonised ysast (100u1) (Appendix 3) fur 30 minutes at 37°C,
after which the cells were extensively washed with warm PBS to
remove hon-phagocytosed yeast c¢ells., Fusion was allowed to

nrogress for a furthar 30 minutes at 37°C,

In experiments in which the affacts of the mycobastarial
frqctioh on the fusion progess wers sxamined, 100ul of the
fraction at a final concentration of &0 or 100ug/mi were added
to the c6,lu, [n some thst systems, 1EN-gamma £50, 100, 200,
500U/m1) was added with the 26kDa fraction (60ug/m!) or alone
(control), Tf *nal voluma of eéch system vas maintained at
400ul, After the last 30 minute tncubation pariod thwe plastic
chambers of the macrophage cultures were removed ¥ . the s}ides
and wet mounts ware made and axamined uudaf a UV nigruscope.

For the PMN cells, drops of the cell suspsnsion were placed onte
s1ides and examinad under a W microscope (Leitz, Westlar,
Garmany). Uaing the criteria of Goren et al, (1984}, yeasts
were regarded as having been killed when they appeared uh1form1y _
bright green; cells in which fluorescence was restricted to the
periphary of the yeast particie were placed in tha intermediate

category, 1mplying an early stage of phagosome~lysosome fusion
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and yeasts that .ppearsd non-fluorescant ware ragarded as not
having acquired acridine arange by phagosoma~lysosome fusion.
- This indicated that fusion had been delaved or was inhibited.
viabi11ty, non-viability and Intermediate ki11ing of veast calls

ware scored independently by two investigators.

4.9, LYSOSYME PRODUCTION AND A58AY
4,.9.1. Lysosyme Production

'Lysosyme 18 a cationis enzyme, present in both macrophages snd
PHN ¢alls, which has the ability to hydrotysa N-acatyl muramic
B=t, 4 N~acotyl glucosamina Jinkages in bacterial cell walls '
(Gordon et al., 1974). It may therafore have an important
rele to play in the mycobactericidal abiiity of phagooytes,
Sinse the 25kDa fraction has been showr to inhibit intracellular
k1111ng b? phagacytes, it was oF interest to ekamine-the affects

on the-production of ‘lysosyme.

Macrophages grown on 145mm ti<sue culture piates for & weeks or
longar ware removed by Trypsin-ENTA traatment (Section 4.2.4.),

- The calls were rosuspended in RPMI to a concentration of

10 x 108 /m1, PMN calls, isolated as.dascribed 1n Section

4,3., ware also reconstituted in PBS to a concentration of

10 % 103/“\1!

The production and ralease of lysosyme wag initisted by
incupating 1m1 of cell suspension {either macrophagas or PMN's)

with 200ul of yeast particles at a consentration of 60 % 108/ml
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~in the presence of 200ul of frash human serum and 100u7 of
varying congentrations of the 25kDa fraction, IFN-gamtma or RPMI
The tubss wers incubated for varying periods of time (10,15,30
and 60 minutes), after which thay were cantrifuged at 300g for &
minutes and the su srnatant collected was stored ab ~209C until

used,

4.9.2, Assay of Lysosyme Prpductien

Lysasyme production was assayed by the method of Qordon et

al. (1974) by measuring the initial rata of lysis of a
sﬁspansion of Micrococeis lysodetkticus (MA7TT0, Sigma, 8t
Loule, MO, USA) with the aid of & PYE Unicem. PY 8800 _
spactrophotometer fitted with an automatic reader. standards.
of lysosyme (Siskagaku Kogyo cb. Ltd, Tokyd) rich materials
were diTuted in PBS. Reaction cnnditions:were as follows:
of sample was mixed at room temperaturs with 2wl of a
suspanstan of M, Tysodatkticus at a coﬁaentratibn of

0.26ma/ml 1n 3,087M phosphate buffer, pH 6,3, The rats of -
decraase in turbidity was measured gt 540nm, w.th & rat{o
switch position of 0.5 and with a full recording scais stual to
o.é optical density unite, The 1n1t1§1 reaction was linear for
gt Teast 1 minute and was directly proportional tb ad. 1vsosyms

concentrations in the range 0.2 to 2ug/mi,
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4.10. ASBESSMENT OF NITROBLUE TETRAZOLIUM
REDUCTION

4.10.1. Introduction

Stimulation of phagocytes (either by an agonist or by

phagocytds1$) results in a marked incruase of the oXygen

consumad by thesa cells (raspiratory burst) (Sawyer at al.,

.1889; Babior, 1978a). This increase of oxygan consumption

resu1ts from the activation of an NADPH oxidase which reduces

oxygen to a superoxide radical (0Dz~) (Peaction 1; page 100).

Associated with the respiratory burst s tha activation o% the
hexosa moﬁophosphate shunﬁ, a high energy yialding metabolic

pathway which denerates the NADPH used by the cells to { roduce .
superoxide (Pick, 1985) (Reaction 2, page 100).

Nitroblus tetrazalium (NBT) acts as s non-specific electron
acceptor in this sarias of raactions. sych that the yellow dye
bacomes reduted to an insoluble blue formazan (Hudson & Hay,
1980), These insoluble granules cah then be ssen in the
éytOpTacm of the cell (Hudson & Hay, 1980). Production of
reactive oxygsn radicals by phagocytés {s reflacted by
shumarating the.percantaga of cells demonstrating redused

tetrazolium withtn thetr ¢ytoplasm (Bashner st al., 1978).

4.10.2.  NBT Assay Procedurs

cells present in buffy coats obtafned by sedimentation of
heparinised whole blood wers used in the NBT assay.. tel
systoms comprisad 200Ul of buffy coat derived cells incubsted
with 20041 of endatoxin activated serum (EAS) (Appendix 4) in
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the pressnce of the 26kDa fraction {100ul}; 100U/m1 of IFN-gamma
(100ul) or both. Unstimulated cells (control) wera incubated

with 200u7 human serum (not EAS) and 200ul of PBS.

After an incubation pericd of 30 minutes at 379C, 40oul of NET
($igma Chemical Co, St Louts, MO, USA} solution (Appendix 5) was
added to each tube and the ¢el1l suspension allowed to jnsubate
for 16 minutes at 370C, followad by a further 16 minutes at

room temperaturs. Smears of each sample ware then made, allowad
to air dry, fixed in methanol for 1 minute and stained with well
filtarad haematoxylin for 3 minutes {Appendix &). fhe s5Tides
ware washed well under running water, allawad to dry and the
smgars examined under oil immersion. Cells with a Targa bluish

prec¢ipitate wera regarded as having reduced NBY.

4.1%. HYDRDGEN PEROXIDE PRODUCTION
4.11.1 Introduction

By apontansous d1smutation, the O~ produced by the
oxidation of NADPH, reacts with the hydrogen pratuas to
produce Hz0z (Plck, 1988). The rata of.thia reaction can,
howevar be increased 10 fold by the actfon of superoxide
dismutase, pragent within phagocytas.(Pick, 1885). Hydrogsn
peroxide (H202) 13 another bacterigidal agent used by
‘phagocytes to destroy invading microorganisms (McRipley &

sharra, 1967).
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{(Reaction 1)
HADPH + 02 ~ > Oz— + NADP* + H

NADPH oxidase

@lucose-6-phobphate - NADP#

{Reaction 2)

B~-phogphogluconate NADPH
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4.11;2. Measurement of Hz02z Production

To measuré the He02 produced by monocytes and PMN cells a
hicrotachnique usfﬁg g6~well f1at~bottqmed miarotitre plates
(Steriiin Ltd., Middlesex, UK), essentially as described by Paton
& Ferrante (i983) was used, To each well TOul PMN calis or _
monocytes (which were prepared as described in Section 4.2.i. and
4.3; respactively); 20ul horseradish peroxidase (250ug}ﬁ1 type 1V
- S1gma Chemical Co, St Louis, MO, USA): 7oud phehoI red

(500ug/mi - Merck, Germany) (Appendix 7) and 40utl opsonised yeast
(Appendix 8) was added. A1l solutions were mgde up in PBS, Test
or contﬁT syatems contained 20ul of the 25kha mycobncter1a1. |
fraction, or'PBS respectively. Thé 25kDa fraction ﬁas usad at
varying concentrations ranging frem 10ug/mi to 100ug/ml. In some
-experiments, IFN-gamma was included in the oiulture system whereby
20ul of IFN-gamma were added at a concentration of 200U/ml. The
plates were incubated at 372C for ao.minutas'after which the |
reaction was stoppad by addihg 26u) of 2M NaOH. The absorbance
at 620nM was measured in a Titertek Multiscan MC spectrophoto-
meter (Flow Laboratories, Biogglo, Switzerland). The assay was
standardised with frashly diluted He02 (BDH Chem1§a1s Lid,

Poola, UK) and was linear over the rangs 0 - 0uM.

4,12, HEXOSE MONOPHOSPHATE SHUNT (HMPS)
ACTIVITY

4.12.1. Introductian

on activation, phagocytes change their metabolic processss from

a low energy yleiding, oxygaen independent glveelytic pathwiy to

the aercbic, high enargy vielding HMPS (Bablor, 1978a).
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The pathway provides a mechaniey for splitting the carbon
chain of a glucose molecule one carbon at a time, relessing
COz and energy and regenerating NADPH which octs as an

elactron denor for NADPH oxidase (Babior, 1978a).

4.12.2. oassessment of HMPS Activity

HMPS activity we., assessed by the production of 14C0z from
glucose~1-34¢ (hew England Nuclear, Boston, MA, UBA} by the
method of Wo~d ot al. (1963). Calls were suspanded to &

final concentraticn of 2 x 107/ml in 0.15M glucose-free PBS.

The test apparatus was a 10ml glass scintiliation vial (Packard
Instruments, I111nods USA) which served as the cuter chamber,
stopperad with a tightly fitting perforated mete 1id. Inside
this chamber was placed a 1.0ml autoanalyser cup wh1ch served as
the:1nnar chamber. The reaction -ixture consisted of: 700ul
giucose~1|=146 (D.O?uciﬁ; 100u1 Bakars’ yeast (£0 x 10%/m1);
100u1 fresh serum; 100u) 26kDa myaotacterial Fraction (50ug/ml);
100Ul IFN-gamma (200U/m1). Appropriate volumes of Pl was added
to control sultures wﬁich did not contai~ the 25kDa Fraction ar
IFN-gamma, This reaction mixture was p1adad in the outaer
chamber and 600ul of a solution of 1M KOM (Merck, Darmstadt,
Garmany) was placed 1n the inner chambqr {autoanalyser cup).

The inner chambat was carefully lowered into thy seintiflation
vial and allowed Lo stand at 37°C for 10 minutes, The

reaction was Initiated by intreducing 200ul of cell suspension
(prepared as described in Saction 4.2.4. and 4.3) into the outer
chamber by injection through the rubber 1ined cap with a syr1ﬁge
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to which a long-needle was attached. The reagtion was
tarminated by the additon of 2mi of 2M HMCT after &0 minutes.

The chambers were allowed to stand at room temperature for a
further 60 minutes to'pe}mit the release of 14C labelled COz2

and 1ts subsequent absorption by the KOH. AViguots of boou) of
the inner chamber mixture wers then transferred to scintiilation
vials containiné 10m1 of acidified instagel (Appendix 8)
{Packard) and counted in & LKB 11quid scintillation spsctrometer

(Stockholm, sweden) for 10 minuteg adach,

tontrols consisted of the reaction mixture devold of the cell
suspanafun; and the counts so obtgihad (backgruund counts) were
subtracted from the corresponding exparimentaT vatues, Al7
tosts were performed in dup11¢ate and exprsssed as cnrfected

(minus background) counts per minute (G.p,m.),

4.13. MEASUREMENT OF THE GLYCOLYTIC
PATHWAY

4.13.1. Introduetion _

Glycolysis is a pathway used by celis to supply energy raquired

for normal call functioning, This pathway invalves the

conversion of glucose via & series of reactions to p?ruvata

which is then reduced to lactate by 1actate dehydrogenase

(Metzler, 1977). The extent of g1yco1ysis by both resting and

stimulated ¢ells was messured hy lactate production (Hohorst,

1962), using recognised procadurss {Boehringar Mannhetin

bioshemical test combination).
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4.13.2. Method :
4_13.2.1. Production of Lactat

This assay was performed in two parts. 1In the first, lactate rich
suparnatante were produced and in the second aliquots of these
suparnatants were assessed for the amount of lactic acid
produced. Mohocytes maintaihed i1n culture were removed from the
plastic tissue culture plates as described in Section 4.2.1. and
PN cells were fsolated as described in Section 4.8. Both cell
types were resuspended in 0.15M PBS containing i0mM giucose (BDH,
Foole, UK). FEach assay was peffurmed in ddeicats. The réactfon
mixture consisted of: 300ut calls (1 x 107/m1); 200u1 serum
(control) or EAS (26%); 100ul 26kDa mycobactarial fraction; 100u1
IFN-gamma (200U/m1). PBS was added as required to sach tube to
make up the final volume to 800ul. Tubes were inoubated at 3704
for varying periods of time (10, 20 and 30 minutes) and the
reaction was stopped by deproteinisation with the addition of !
of cald 0.8N parchloric acid (PCA). 7he tubes were mixed well,
vortexed and centrifuged at 400g for 10 minutes. Supernatants

were ca11ebtqd and used to measure the lactic acld prodused.

4.13.2.?. Agsessment of Lzctate Produced:
Aliguots of supernatants from each tube ware assayud.for lagtic
acld by monitoring the gpectrophotomatr1q change accompanying
the reduction of the snzymu cofactor 8 nicotinamide adenine
dinuclentide (NAD+}.to NADH during the convaersion of lagtate to
pyruvate by lagtate dehydrogenase (LDH),
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LaCtate“hHt::::::==-——===:::::::ifruvate.

RNAD+ : : NADH

LDH

Each tube contained the following: 2mt assay buffer (Appendix 9);
20041 27mM NAD; 20ul LDH (2ma/m1) diTuted in 2.1M NH¢SO4;

200u1 supernatant fluid. Control tubes cuntained 0.6N PCA 1nstea&
of supernstant fluid. The tubes were fncubated st 269¢ for 60
minutes and the change in optical density at 340mm (AE 34dnm) was
assessed spectrophotometrically using'a PYE UNICAM PUSBOO
spectrophotometer (Phiilips Analytieal), Results ware expressed
as ug lactate/6 x 108/ml/unit time by the conversion fagtor

1.25 x AE 840 x 1 000 as described by Hohorst (1962).

4.14. ANTIGEN PRESENTATION BY MACROPHAGES
TREATED W™TH THE 25kba
MYCOBACTERIAL FRACTION
4.14.,1 tntroduction
Provious studies (Wadea ef &?., 1987) and tha presant work
demonstrate that the 25kDa mycobacterial fraction inhibited the
1ntraca11u1ar ki1ting ability of the macrophage. In addition,
these studies have also shown its affects on the intracellular
degradstive functions of the macrophage. It was of interest,
therefora, to determine whether the 25kDa mysobactarial fraction
had any effect on the antigen presenting capactity of the
macrophage. This was assessad by lymphagyte pro]ifaration

assays to both mitogens and antigens.
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4.14.2. Method

Mononuclear celis from PPD positive donors, separated on
Hypagus~Ficoll density gradients, were plated onto 96-well
flat-bottomed microtitre plates (Starilin Ltd., Middlesex, UK)
at a concantration of 1 x 108/m1 (200ul/well). The non-
adherent cells were removed by washing 3 times with warm
(872C) medium. The adherent cells were then treated with the
26kDa fraction at a final concentration of 50ug/mi . .his
concentration was used as it optimally inhibited the various
pathways of phagocyte function) for 60 minutes, followed by
washing 3 times with warm medium to remcve the 25kDa

mycobacterial fraction.

The non-adharent cells removed from the 96-well plates were
re-adhered for one hour on plastic tissue oulture plates
© (145/20mm ~ Greiner Labortechnix, Solingen) in 5rder to remove
any ramaiﬁing adharant cel1s. The non~adharent cells ware then
- 5011actad, washed and resuspended in RPMI 1640 containing 10%
autologous sarum"to a concentration of 1 x 109/m1, so as to
reconstitute & ratio of 20:80 (macrophagas to 1ymphocytes). Two
hundred micrd11trgs of this cell suspensioh wé$ than added to
each well containing macrophages trasted with the mycobacterial
fraction, The lymphocytes ware theh stimutated with purified
protain derivative (PPD) (Connaught Medical Rasearéﬁ
taboratories, Canada) at a fina1 conéentration of 1, § and
10ﬁg/m1: phytohaemagglutinin (PHA) (Wellcome Laboratories,); _
concanayilin A (con A} (Pharmacia, Uppsa1a, Swadan) nr-pokewéad

‘mitogen (PWM) (Boshringar Mannheim, Frankfurt, Germany). The
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cutturas stimulated with the mitogens were incubated for 3 days
while the culfures stimulated with PPD were incubated for 5 days
at 37°C 1in ﬁ humidified incubator containing 6% €Oz and 95%

air, Eighteen houre prior to harvesting 20ul (1uci) of tritiated
toywiding (methyl-3H thymidine, specific activity at 240i/mMole

~ Radiozhemical Centre, Amersham, England) were added to each
wall., Cmlis were then harvested onto glass fibre fitters
(Wnatinan Ltd., Maidstone, UK) and placed in individual plastic
seintiliation vials (Packard Instruments, I11inois, USA),

Filters were dried pvernight and 5m1 of Insta¥fiuor (Chemiab,
South Africa) was added to éach vial, .ﬁadibactivity was measured
in an LKB Rackbeta Tiquid scintillation spectrometer (Stockholm,
Sweden), Counts were expressed as mean counts per minute

.(c,p.m.) of triplicate cultures.

4.15. EFFECT OF THE 25kDa MYGOBACTERIAL
' FRACTION ON THE INDUCTION OF MHG
CLASS II ANTIGEN (HLA-DR) EXPRESSION
' BY CULTURED MACRDPHAGES
4.15,.1. Introduction
It 1s wall documented that for macraphages to getivate antigen
specific T lymphocytaes, théy must present prdcessad antigen
particles in conjunctiaon with MHC Class II (HLA-DR) molecules
(8chroer & Rosenthai, 19&0; Shimonkevitz, 198d4; Shevach &
Rosanthal, 1873}, The effect of the 26kDa mycobaeteriai
fraction on the expression of HLA-DR by stimulated macrophages

was assessed inh conjunction with the provicus experiments.
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4.15.2. Assessment of DA Exprassion
4.15.2.1., Induction of DR Expression
Manonuclear cells separated by centrifugation on a hypaque-
figol1l density gradisnts ware washed in saline, resuspended to a
concentration of ﬁ x 108/m1 in RPMI 1640 ccntaining 10%
autologous serum and added to euch well of a 96-well flat-
bottomed microtitre plate (200ul/well) (Sterilin Ltd, Middlesex,
England). The cells were allowsd to adhersa for S0 minutes aftar.
which the non-adharent cells were removed by washing thres times
with warm saline. The adhsrent ceTis (macrophages) wers than
grown in RPMI 1840 containing 10% autologous serum for 3-6
weeks. Purity of cells was assessed with the OXMi moiocional
antibody (Section 4.2.1.). DR expression was 1nducad by
incubation of the calls with £,cold Tipopolysaccharide (LPS)
(E.coff 0127:B8 - Difco Labs, Detroiy, USA) at a
concentration of 20ug/ml, yeast particles at a concentration of
1 x 108/m1 or IFN-gamma at a concentratioh of 200U/ml. The
cells wara then incubated for a further & days at'3T°c. Calls
were fixed by the addition of 100u1 of 0.5% paraformaldshyde to
"each wall and plates were incubated for 50 minutes at room
temporature. Plates ware washed three times ﬁ1th phusphate
buffared saline (PBS) (Appendix 1). DR expression was then

assessed uging a medified cellular ELISA.

4.15.2.2. Cellular Enzyme-Linked
Immunosorbent Assay (ELISA) for
DR Expression
After the c&ll1s had been fixed with paraformaldehyde, the walls
wora treated with 0.5% BSA 1n a carbonata buffer, pH 9.6

{Appendix 10) for 60 minutes. This blodking step was aimed at
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preventing non-specific binding of the monoclonal antibody.
After washing the plates three times with PBS-Tween, 100ul of
1:100 dilution of the monocional antibody to DR (Grtho
Diagrostic Systems Inc., Raritan, NJ, USA) were added to sach
well and ths plates were incubated in a humidified chamber for
120 minutes at room temperatura. The p1ateé were washed three
times with PBS~Tween followed by the addition of 100u1 of a
peroxidase labelled anti-mouse IgG (Amershaw International, UK}.
The piates were incubated for au_hinutes st room temperature
after which unbound conjugated antibody was removed hy washing
the trays thres times with PBS-Tween. One hundred mizrolitres
of peroxidase substrate (Appendix 11) were added and the
reaction stopped after 30 minutes with 50u1 of 2.5M sulphuric
| acid (BOM Chemicals Ltd., Poole, UK). Optical densities were
mesursd at 492nm in a Titretek Multiscan MG spectrophqtoﬁater

(Flow Laboratories, Bioagio, Switzerland)}.
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CHAPTER 5
RESULTS




]
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5.1. = SEPARATIOMN OF STANDARDS OF KNOWN
MOLETULAR WEIGHT ON A SEPHACRYL
5-200 COLUMN
Figure 12 demonstrates a plot of the elution volume of Known
molecular waight standards off a Saphacryl $-200 column against
the log molecular wefght for ribonucleass {14kda), chymotrypsin
(26kDa), carbonic anhydrase (30kDa), bovina scrum atbumin
(6TkDa), alcohol dehydrogenase (150kDa); aldolass (158kDa) and
catalase {232kDa). The experimental points 1ie ¢lose to a

strajght !{ne.

5.2. SEPARATIOR OF MYCOBACTERIAL EXTRACT
ON A SEPHACRYL $£-200 COLUMHN

Figure i3 demonstrates that unabsorbed myccbacterial extracts can
be separated into sevaral fractions by column chromatography.

The protein elution profiTe of extracts off such sephacryi
columng 1s shown (meanof 10 experiments). The major protein
peaks obtained from the column were arbitrariiy identified
alphabetically from A-I. The position of molacular weight

markers used is indicated on the figure.

5.3. ASSESSMENT OF PURITY OF CELL
SUSPENSIONS

5.3.1. assessment of Purity of Macrophage
Cell Cultures

In order to ascartain whether adherent cells grown in culture

were macrophages, the cultures were treated with the monoclanal

antibody OKM1, assessed far esterase staiping and thair

phagdcytic ab11ity determined.
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5.3.1.1. Binding of OKM1 Monoclonal Antibody
By Cells in Culture

Binding of OK¥1 by cells grown on tissue culture chamber s1ides
was assessed by counting the number of cells demonstrating
f1uorescen6e using an indirect sandwich immunofiudrescent assay.
Repeatad tests consistently demonstrated a greater than o5k
fluoresence of the cell cultures, indicating binding of the OKM1
to these cells, These resuiis were confitmed by 3 different

observers.

$.53.1.2. Esterase Staining.of Cell Cultures
69113 grown in culture on tissue culture chambar slides were
assessed for esterase staining as described in Chapter 4, Section
4.2.4.2. The results 1nd15;ﬂe that of 200 cells visualised |
microscopically 100% were aéterése posit1ve. Similar results
were obtéinad for each experiment performed. Figure 14 is a

photograph representative of one such experiment.

5.3.1.3. Phagoeoeytic ability of Cultured
Monocytas

Hinety five parcent of the cells on tiasue culture s1ides showed
the abitity to phagocytosa yeast particles. Fiaure 15 shows
monocytes which have phagocytosed yeast pakticies. Similar
results were obtained for each experiment performed. Figure 15

18 a representative figure of one such experiment.

Ber use of the finding that »95% of cells were recognised by
antibodies to menocytes, were estarase positive and were
actively phagocytic, the techniques mmployed for isolating and '

culturing monocytas were used thraughout these studies.
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FIGURE 14. Fsterase staining of cell gultures.
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FIGURE 15. ~ Phagooeytic ability of cultured
monocytes
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5.3.2. Aassessment of Purity of PMN Call
Suspensions

Visual assessment and differential counting done by a Sysmex
Kigad (M{lsh, Japan) dell saunter 1ndfcated'a >46% purity of
| the PMN cell suspension, Such rasults were repeatedly cbtained
from eath experiment. Fidgure 16 demonsf.rates results obtainad

for one such exparimant,

2.4, THE EFFECT OF THE 25kDa
MYCOBACTERIAL FRACTION ON THE
FHAGOCYTIC ABILITY OF CULTURED
MONOCYTES AND PMN CELLS

To degterming whether the 25kDa fraction of M. tubsrculosis

had any effact on the phagecytic capacity of phagocytes,'

cuTtured monocytes and PHN celis were Incubated with Bakers?®

yeast in the presance or absence of 60ug/m) of the mycnbécteraT
axtragt ‘or varying periods of time.. Teble 2 (mean of 5§ _
axperiments) demonstrates tnat the 26kDa had no effect an.tha_
phagocytic ability of either macrophages in culture or PMN |
cells, Increasing tha concentration of tha wycobacterial
fraction to 100-200ug/mt alse was without affect (rasults not

ghown),
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THBLE 2 Lffect of the 2%5kDa Mycobaclarial
. Fratgtioh on Phagoovytic Function.

~ ¥ Phagocytosis
{mean and range of 3 axpariments)

PMN Gelis Quitured Monocytes
Time | Without With Without With
{minutes)! extract extract agtract axtract
10 28(24-32)  25(21-20) | 24(22-26) 25(22-27)
20 33(30-36)  26(23-20) | 28(26-30)  28(25-30)
30 78(73-84)  78(76-80) | TA(T1-76)  76(72-78)
40 92(90-96)  93(91~98) | 90{88-04)  B9(88-90)
| B0 | 95(94-07)  94(33-98) | 95(93-97)  96(94-88)
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5.5, EFFECTS OF THE 25kDa MYCOBACTERIAL
FRACTION OF THE BACTERICIDAL
ABTILITY DF PHAGOGYTES
Both cultured monoeytes and PMN cells were capable of ki11ing the
majority of S.aureus organisms within 90 minutes (Table 3).
Tﬁese results are also shown graphically in Figure 17A). 1In the
presence of various concentrations of the 26kDa fractiéq (ug/ml),
a significant declineg in the intraceNular ki11ing ability was '
noted for both cell types (Table 3 & Figu a 17). The effect of
“the 28kDa fraction was optimum at a goncentration of S0ug/m1 had
no significant additional affect on the killing ability of the

calls. The 25kba fraction was therefore used ut a concentration

of 50uy/ml,

When PMN calls and monocytes were treated with the 25kDa
mycobacterial fragtion 1n the pressncs of various cohcentrations
of IFN-gamma, a significant recovery in bactericidal act1v1ty
was seed {Figure 17C), Adding IFN-gamma to the system revérsed
the inhibitory action of the 25kDa fraction, with an optimum
reversat being seen at a coricentration of 10bu/m1, 'Incraasing_
‘the concentration further did not have any added effect;
IFN-alpha at a concentration of 100U/mt had no such effact
(Figure 17D}. Increasing the concentration of INF-alpha to
300U/m1 sti1 failed to restors the inhibitory effects of the

25kba mycobacterial somponent (results not showh).
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TABLE 3 Intracellular Killing aAbility of PMN
: cells and Cultdred Monocytes.

S.aureus mean colony coupt % SO
% killed)
Phégacytic
Celis + 25kDa

celi Expariment, Phagocytic |Fraction
Type Kumber Medium Calls {50ug/m1)
PMM calls 1 250 70 (80) | 250 (20)
2 | 208 4 (98) 136 (54)
3 312 47 (85) 168 (46)

Mean * 8D | 319 & 28 40 £ 33 | 186 % 59w
Monooytes| 1. | aep 47 (87) 181 (50)
2 424 86 (80) 200 (53)

3 350 88 (83) 187 (52)

Moan * SD | a9t + 32 66 % 19 189 & 108

- P 00T
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FIBURE 17.

10

Intracellular killing ability of
PMN cells and cultured monocytes in
the presence of:

(A) Meadium; (B) Varying
concentrations of the 25kDa
fraction (ug/ml); (C) 25kba
fraction + varying concentrations
of IFN~gamma (units/ml); (D) 25kDa
fraction + 100U/ml of IFN~alpha.
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5.8. PHAGOSOME~LYSOSOME FUSION IN THE

PRESENCE OF THE 25kDa MYCOBACTERIAL

FRACTION ;
Lysosomes of both PMN ¢ells and “acrophages 1n culiure were
prelabetled with acridine arange and the phagocytes were
psrmitted to ingest 1ive Bakers’ yeast in the presetice or
abzence of the 25kDa mycobacterial fraction. A mean of four
experiments showed that the 25kDa fraction signifizantly |
inhibited this process (Table 4, Figure 18B). The effact of

the 25kDa fraction was optimum at 50ug/mi.

In Figure 18C the effects of varying concantrations of
IFN-gamma oh the inhibition of phagosome~]ysosoms fusion

mediated by the 25kDa mycobacteriel fraction are shown.

Treatmant with IfN-gamma partially reversed the inhibitory
action of the 25kDa mycﬁbactaria1 fraction, with optimum
effects at a conceritration of 200U/ml, IFN-gamma on 1ts own
did not affect phagbsome»1ysbsema fusion. The add1tionfof
IFn-~atpha at a concentration of 200U/m] also had no affect on
raversing the 1nh1b1tion caused by thé'askna fraction (Figure
18D).

&
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TABLF 4. Parcantage of yeast containing PMN
cells and cultured moncoytes
demonstrating phagosome-lysosome -
fusior (as evidenced by dye uptake) in
the prasence or absence of the 25kDa
mysobacterial fraction.

Cell System : % ¥ Non- % Inter-—

Fused Fused mediate
PMN cells + yeast . 78 14 8

Monocytes + yeast T3 12 - 15

PMN #all1s + ysast +
25kDa fraction (50ug/ml) 30 54 16

Monocytes + veast + ' L _ :
25kDa fraction (50ug/ml) 34 48 17

PMN celis + yeast + .
25kDa fraction (100ug/ml) 249 52 19

Monocytes'+ veast + B o
25kDa fraction {(100ug/mi)’ 36 46 18

i
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FIGURE 18. Phagonsome-lysosoms fu jon Ln PMN

cells and cultured mo.ocytes in the
prasence of:

(Aa) Medium; (B) Varying
concentrations (ug/ml) of the 25kDa
fraction; (C) 285kDa fraction +
varying concentrations of IFN-gamma
(units/ml); (0} 25kDa fraction +
200U/ ml of IFN-alpha.
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Figure 19 {A & B} demonstrates y %ast part1c1es wﬁfch have

been 1ngested by PMN cells not incubated witﬁ the 25kDﬁ
mycobacterial fraction. The photograph of cells éeen undar oY
Tight {Figure 19B} shows fluorescent particles (haﬁing taken up
acridine orsnge) indicating successful phagosome-iysosome

fusion.

Figure 20 (A & B) demonstrates veast particles which have baen
ingested by PMN cells incubated in the presence of the 25kDa
fraction. Figure 20B, the same section as Figure 20A observed
undar Uv 1ight, shows dark patches where the veast particles -
ocour in the previcus photograph. This 1s an indication that

phagoscme-1ysosome fusion has not occurred,

5.7. LYSOSYME PRODUCTION BY PHAGOCYTES:

: EFFECT OF THE Z* Da MYGCOBACTERIAL
FRAGCTION AND IF.. GAMMA - '

When 1ysosyme production was assessed 1n the presence of

several concentrations »f the 28kDa mycobacterial fractiun, a

dosa related reduction was observad for beth PHN calls




FIGURE 19.

PMN cells ingesting ysast particler
undar (A) white light and (B) U.V.
light. Fluorescent yeast particles
indicate that phagosome~lysosoma
fusien hag occurrad.



FIGURE 20.
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PMN cells ingesting yeast particles
in the presance af the 285kDa
mycobacterial frasction undar (#&)
white light and (B) U.V., light.
park patches seen in (B) in the
same position as veast particlas
gaan in (A) indigats that no
phagosome-lysosomd fusion has
accurred.
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{(Figure 21A) and cultured monccytas (Figure 21B), Maximal
inhibit1on was seen with 50ug/ml of the 26kba mycobacterial
fraction, Higher concantrations did not reduce 1ysosyme

praduction sny further.

When 1FN~gammé was includad in the cultures containing &0ug/ml
of the 25kDa mycobactarial fraction, lysosyme praduction was
partially restored for both PMN cells (Figurs 22A) and cultured
monocytes (Figure 22B), The maximal restorative ability was
observed et a IFN-gamma cohcentration of 200U/ml, INF-gamms on
1ts owh had no affect on the cells 8bi1ity to producs lysosyme

(resulte not shown},

5.8. NBT REDUCTION 8Y PMN LELLS IR THE
PRESENCE OF THE 25kDa MYCOBACTERIAL
FRACTIUN '

Whan NBT reduction induced by andotoxin-activated sarum (EAB)
wos assesged in the presence of the 25kDa mycobacteria)
fraction, a a1gnﬁficant dacrease 1n the number of cells with
positive staining was observed (Table &). When IFN~gamma at a
concanti ation of 200U/m1 was added to the cells together with

. the 25kPa mycobacteria) fraction, NBT reduction was partially

rastarad (Table 5),
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TABLE 5. Effect of the 25kDa Mycobacterial

Fractian on PMN NBT Rsduction.

Number of Cells
- Demonstrating NBT

Gell system Reduction &
PMN cells (resting) 9+ 1
PMN calls + EAS _ _ ' B8 + 7
PMN cells + EAS + 28kDa fraction 26 + &b
PMN cells + EAS + IFN-gamma 61 + 6
PMN cells + EAS + 26kDa fraction =
IFN~gamma 40 & 3°
¥ -  Maan % SD of 3 experiments
b~ P ¢ 001

g - P < .01
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5.9. EFFECT OF THE 25kDa MYCOBACTERIAL
FRACTION ON HYDROGEN PEROXIDE
PRODUCTIONM

The effect of the 25kDa mycobacterial fraction on the abitity of
nhagocytes to produce the oxygen-derived reactive specias . '
Haoz is shown in Flgure 23. At a variety of concantrationg
the 26kDa mycobacterial fraction significantly reduced Hg0z
production in PMN cells and monocytes (Figure 23B). IFN-gamma,
at a concentration of 2000/mt, was capéble of partially
rastoring the inhibition produced by tﬁe 2EkDa mycobacterial
fraction (Figure 23¢). IFN-alpha had no such restorative
sbility (Figure 23D), |

5.10. HEXOSE MONOPHOSIM{ATE SHUNT (HMPS)
' ACTIVITY IN PHAGOCYTES INCUBATED

WITH THE 2SkDa MYCOBACTERIYIAL

FRACTION AND IFN-GAMMA AND/OR

IFN-ALPHA :
Phagogytic ¢ells incubated with Bakers’ yeast part:cIés in the
presence of frash autologeus serum demonstrated a burst of HWPS
activity (Tabla 6 - mean £ 0 of 8 experiments). Howsver, 1in
the presence of the 25kDa mycobacterial fraction a significant
decreasa in HMPS activity was observed. This reductioh of HMPS
activity due to the 25kDa mycobacterial fraction was partially,
although significantly, restored by IFN~gamna at a concentration
of 200U/ml. IFN-alpha (200U/m1), however, could hot restore the
HMPS activity, IFN-ganmna had no effect on the HMPS activity of
resting phagocytes. This would 1nd1cata_that TFN-yamma reverses
the inhibitory affects of the 25kDa fraction and does not

directly stimulate HMPS activity.
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FIGURE 23.
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[} pMN

cultured
monooytes

10 25 &0 106

Hz20z production by PMN cells

and culiured monooytes incubataed
with: {a) Medium; {(B) various doses
(ug/ml) of the 25kDa mycobacterial
fraction; (C) 50ug/ml of the 25kDa
mycobacterial fraction wikh
IFN-gamma (200U/ml); (D) 50ug/ml of
the 25kpa mycabacterial fractlon
with LFN-alpha (200U/ml).

Mean % 8D of 3 experimsnits.
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TABLE &. Effect of the 25kba Mycobacterial
Fraction and IFN-gamma on Phagocyts
HHMPS activity.

Activated Cells

Mean c.p.m. % 8D of 8 experiments

Incubated with: PMN Cultured
_ Calls Mohocytes

Medium 24 792 % 2 098 | 14 716 * 664

IFN-gamma 24 121 + 3 764 16 640 £ €64

26kDa Fraction ® 10 074 + 1 160 7 186 % 1 920

2B8kDa Fraction + o

IFN-gamma ® 16 1567 £ 1 852 | 12 727 * 994

26kDa Fraction +

IFN-aTpha 11 070 & 1 480 6 064 % 1 4889
a P ¢ 00

b P ¢ .006




138,

5.11. - MEASUREMENT OF GLYCOLYTIC PATHWAY IN
PMN CELLS AND CULTURED MONOCYTES

The Tavel of lactate produced by PMN cells and monocytes (Figure

24) during the glycolytic pathway was significantly reduced by

the presence of 50ug/m} of the 2BkDa mycobactarial fraction 1n
the system, Tha glycolytic pathway was significantly affectsd
by the addition of tha 25kDa mycobacterial fraction. Higher
concenty." -ns of the 26kDa fraction had no additional effect on

glycolysis (results not shown).

S5.12. ANTIGEN AND MITOGEN PRESENTATION BY
MACROFHAGES PRE-TREATED WITH THE
25kDa MYCOBACTERIAL FRACTION

Tha ability of macruphageé. incubated with the 25kné fraction,

to prasant both mitogans and antigéns was assessed by means. of

pro1ffarét1on assays. Lymphocyte profiferat1on in responss to
the mitogens PHA, Con A and PWM, and %o varying concentrations
of the PPD antigen (1, 5 and 10ua/m1) was significantly reduced

(Table 7). Table 7 demonstrates that the 26kDa mycubaetar1a1

fraction interfarss with the macrophages abf]ity tb corract19

present both antigen and various m1£ogena to the Tymphocyte,

The affect of the 25kDa fraction on maﬁrophaée prasentation of

PPD 1s maximal at a concentration of between 6 - 10ug/m:,
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The Effict of the 25kDa Mycobackerial
Fraction on Lymphooyte Picliferation
to Mitoden and Antigen.

Mean ¢.p.m. & BE
% Suppression in parenthesis
: Macrophages pre-
Untreated treated Wwith the
Cell Systems Hacrophages 25kDa Fraction
tontrol 453 & 85 406 £ 80 (i0)
PHA 52 415 * & 340 36 242 * 4 495 (33)2
gon A 17 013 £ 4 228 10 799 % 1 744 (37)=
PUM 27 479 + 5422 19 530 £ 3 901 (29)»
Cont.rol 1167 194 1098 £ 172 (8)
PPD  1ug/ml | 13 389 £ 3 920 9 687 % 3 488 (27)b
PPD  Sug/ml 20 010 & 2 435 16 229 % . 280 (24)b
PPD  10ug/m1 27 211 % 4 812 22 030 * 4 194 (i9)b
a ~ P ¢, 001

b =-p <01
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5,13, DR EXPRESSION BY MACROPHAGES TREATED
WITH THE 25kDa MYCOBACTERIAL
FRACT ION

Macrophages 1n cuiture spontanousily éxpress a low lavel of DR
or Class IT antigen on their surface (Figure 25A), Incubating
the ¢ellys with yeast, LPS and IFN-gamma results fn a marked
insreass in DR expression (Figurs 25B, C & D unhatched
resteotively). Add1t1on of B0ug/m1 of the 25kDa mycobacter;a1
fraction tagethar with each of the DR inducing agents resulted
in a significant reduction of BR expression (Figure 25B, C & D
hatched}., The spontaneous expression of DR on resting cells, -
however was unaffected by the additlon of the 25kRa fraction
(F1guré 25A). Increasing the concentration of the 25kba
my¢obacterial fraction further st111 showed no effect (results

not shown).
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It has been well documented that the majority of mycobacter1a,
including M. tubsrculosis, reside within macraphages in

tissue (Youmans, 1979; Nathan et ai,, 1980). The survival

of these organisms has bean attributed to a varisty cf.ascapé
wmachanisms smployed by M.tubercu?osfs.arganisms. Such
mechanisme may fnctude {nhibition of the praduction or
neutrsitsation of Oz wetabolites (Kusuncse et al., 1876
Jackett et al., 1978a: Chan ef al., 1989); inhibition of
phagosome~lysosome fusion (Armstrong & D'Arcy Hart, 1971);
degranuylation of Tysosomes (Armstrong ot al., 1975; Uensen &
Mance 11, 1980; Katoh, 1881); disruption of the phagosamal
membrane (Mytvik et al,, 1984) and interference with

macruphiayy activation (Pabat ed 47,, 1588),

Previous worlk from this laboratory has demonstrated that sonic.
axkragts from hntuberquiasfs could be separated into savaral
fractions by column chromatography with protein peaks ranging 1n.
molgcular weight from >200kDa to as Tittle as 14kDa. Of thesa a
pro£a1n peak oF Mr 26kDa appeared to be important in inhibiting
the intraceliular k1l11ng ability of phagocytic calls (wadéa
et al,, 1987}, while other fractions were recognised by a
.spacific T call clone (Wades et al., 1989), 1In an attempt
to confirm the Tinding that the 26kDa fraction could inhibit -
intracellular killing of M. tubarculost?s and to further _
define the role played hy tha 28kDa Fract1on,'the prasent study
undertook to separate M. tuberculosys extracts using standard

solumn chromatography technalogy,
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For standardisation, protains of known molecular waights werse
separatad through tha column (Figure 12) and served as reference
markars, The prdta1n atution profile of M.tubsrculosis
extracts off the Sephacryl $.200 columns is shown in Figure 13.
The major protain paaks obtained wers arbitrarily definad A-I.
The protetn elution profile obtained in the present study _
cohcurred with that obtained in the previous study (Wadee at )
al, 1987) with Fraction H baing identified as the 26kDa )
fraction., Preliminary studies with this fraction indicated that
the active components presant wara carbohydrates and 11p1ds.
These findings are not presented hera as they have béen
documentated previously (Wadee et al., 1987) and it 1s not
| within the scope of this dissertation to examine the chemical
nature of the 26kDa fraction; but rather to examine its affacts

on phagocyte function.

For these studies phagosytic cells comprising both PMN catls and
macrophages were emp?ﬁyed. initial expsriments ﬁera under;akan'
to confirm the purity of esach of the two phagocite popu1atfohs.
the results presanted in Figurss <4 and 15, and in eXperiments
which documented the percentage of OKM1 positive cells,.claarly.
damonstrate the wacrophage-1ike properties of the peripheral '
blaod monocytes maintained in culttrn. The #811s are {dentified
by the monoctonal antibody OKMY; ara estarase positive (Figure

14) and are astively phagocytic (Figure 15).
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The purity of the population of PMN cells used was assessed by
¢ounting the cells in Turk’s white cell counting fluid and by a
differantial count on a Sysmex K1000 ¢ell counter (Figure 16)
and were shown to be over 96% pure. Having obtained a purifiad
poputation of macrophages and PMN cells, the present study
undertook to exemine the effect of the 2EkDa Fraction on various
aspacts of intracelluiar dagradatjun of micro-organisms mediﬁted

by phagocvtic cells

Initial studies demonstrated that the ingestion of yeast
particles by phagocytes was unaffected by the prasence of.the.-.-
25kba fraction (Table 2), These results confirm previous
_reports indicating that M. tuberculosis does not affest the
phagocytic ability of PMN cells and macrophages. .n this ragard
other workers have demonstrated that macrophages infested with
mycobacteria were capable of ingesting adeduate numbers of

© killed, attenuated or viable organisms {Armstrong & D’Argy Hart,
1971). Furthermore, thére is 1ittle evidence to suggest that
mysobacteria may possess anti-phagocytic properties on thair

surface (Myrvik et al., 1984).

Yeaét calls have besn shown to enter phagecytic calls by
attachment to specific receptors (MFR; p~D-glucan and £3
recepiors) (Richea.et al., 1988). Sinda the results of the
prasant study clearly demonstrate the inabiiity of the 25kDa
fraction to inhibit phagocytosts, it would ftherefore seem 11kely
that this molecule does not inhibit binding of yeast particles

to ratavant receptofs. in add1tion, it has bean suggestéd that
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the C3 receptor, amony others, i3 also utilised by
M.tuberculosis to enter 1nto the cells (Schlesingsr at

al., 1880). Even though this pathway of entry into macrophages
is cammen to mycubaotaria'and yeast the evidence obtaineg in this
study a£c1udad the poseibilily of a competitive entry between the
two organisms. More importantly since two other mechanisms of
entry are émp]cyad by veast particles and the fact that '
mycnbactarié do not appear to utilise tha MFR and B-D=glucan
receptors, the credibility of noh-interference with phagocytosis
i85 confirmed. Other workers have suggegted an interfarence of
phagocytosis by mycobacteria other than M.tuberculosis. Cree

& Beck (1986) demonstrated that PMN cells and macrophages. that
had previousiy phagocytosed M, leprae ingestad fewer zymosan
particlas on subsequent challenge. Thess authors suggest that
‘the abllity of phagocytes exposed to M. Jeprae to respond to a -
'sacond phageeytic stimuTus might be 1mpairéd By chengas in the
numbers of binding sites on the cell surface. Their
~{nvestigations, howaver, 41so showed that M. tubarcuivsis did

ngd sign1f1qant1y affact the phagocytic abi1ity of ths PMN cells
“ant monocytes. Collectively such findings suggest that evasion
of the bactericidal astivity of phagocytes by M. tuberculosis

is independent of phagbcytosis.

To axamine the effects of tha mycobacterial component on the
intracellutar killing ability of phagocytes, fhitiat experiments
were previously undertaken whareby ¢rude unfractionated
mycobacterial extracts were used together with phagotytes, Such

experiments demonstrated that crude mycobactaria’l extracts ware
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capabie of inhibiting the intraceilular kiliing ability of
.both PMN ¢8ils and cu1tured macrophages. 1In addition, fhese '
ihitial experiments demohstrated that of all the arbitralily
dafined mycobacterial fractions obtained follewing column
separa.t“lon, anly the 25kDa fraction was capable af inhibiting
the intraceliular killing of §.aursus organisms (Wadee ot

al., 1987).

The present study was Lherefore spec,fitcally aimed at 835888 19 _ 
the mechanism(s) by which the 25kDa mycobacterial fraction
interfarred with phagocyte defence mechanisms. The resuTts shown
In Figure 178 and Table 8 dndicate that the 26kDa fraction ves
capable of significantly (P <.001) inhibiting tha intracelluiar
k1111hg of &.aursus by both PHN calils and cultured

magcrophages, Inhibition of the intracellular killing 5bi1ity of

- phagocytes was maximal at a final concentration of 50ug/ml of the
- . mygobactarial fraction (Figure 17B}. The uss of higher '
soncantrations of the 25kDa fraction did not further enhghqe the
inhibition of intracellular killing ab11ity of phagocytes (Figure
178). In order to echddq the possibiiisy that 1nh1b1t1un-of'
intracellular killing was due to a cytotokic affect of the 26kDa
fraction, cell viability was assessed at the termination of ihe

expariment and was found to be grester than 96%.

It haé been wall documented that IFN-gamma 1s important in
act1vat1ﬁg macrophage and PMN cell antimicrobiat activity
(Walker & Lowrie, 1981: Crowle & May, 1981; Nathan et a?.,
1983: Morrison of al., 1988¢: Van Furth, 1990). Since other

studies have also shown that IFN-gamms can reverse the
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tnhibition of intraceltular degradation hy phagocytes caused by
varisus micro-grganisms (Byf‘ne et al., 19887 Morrison i |
al., 1688}, 1t was of 1nterest.to examine whether rIFN-gaimme
could affact the inhibition of intracellular degradatiﬁn caused
by the mycnbacter1a1 extract. IFN~-gamma, but not IFN-alpha, was
shavn to be able ta partially restore the inhibition caused by

tha 25kDa fractian (Figure 117G and D respeactivaly).

Although several studies have demonstratod that the intracellular.
k111ing of many organtsms shuch as M.fortuitum (Gesrtsma et
at., 1890), B.abortus (Canning & Roth, 1989) and

C.albicans (Perussia et al., 1987) Is significantly

ingreased by thr presence of IFN-gamma, other groups have shown
soma, or no, effect by }FN-gamma {Rook &t al., 19&6(b); Toba
et 41., 1989; Shiratsychi et 47., 198D). A group from

Case Western Reserva University showed that IFNngamma had no
affect on the intracellular muitiplication of M.avium (Toba 
gt al., 1989) but in Tater studies the same group showed a
varialta affect, depending on the strain of M.avium used in
the experimants (Shiratsuchi et al., 19uu). 'It afso appears
that differefces betwsen soyrces of macrﬁphages affacts s
autcoms of whether IFN~gamme activates the call or not
(Shiratsuchi et al,, 1990}, To this end expariments have
demonstrated that IFN-gamma caused marked 1nh1b1£10n of the
growth of M. tubarculosis organisms in murine paritoneal
macraophayas (Rook et al,, 1986(a}) and bune marrow-derived
macrophages .in culture (Flesch & Kaufmunn, 19B7), whereas only
waak inhibition of growth of M. tubarculos’s was sesn in human

macrophagas (Rock at af., 1986a),
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This in part reflects the controversy of ths exact role of

. IFN-gamma in act1yat1ng macrophage mycobacteriolidal activity.
Diffarences between strains of mycobacteria appears to be a
major component 1n determining the role of IFN-gamma. $uch a
conclusion is exemptified by the work of Flesch & Kaufmann
(1988), who demonstrated a differential susceptibiiity to
IFN-~gamma activated mecrophages among different strains of

M. tuberculosis. The results of this study clearly indicate
that phagocytas activated with IFN-gamma have an enanced
ki1ling éb111ty for M. tuberculosts. It is reaiistic to
assume that thess studies are relevant to an n vivo
situation since M tubarculosis organisms were obtainad from

“the cultures of slinical. isolates.

The mechan1sms.1nvo1ved in the intracellular k1111n§ and
- degradation of forsign organisms by phagocytes include thé_
fusion of lysosomes to the phagosome containing the ingeated
organism; the_re]aasé'uf lysosomal enzvimas into the phagosome
‘and the activation of the o£1dat1va raspiratory burst with the
subsequent production of reactive oxygen metabolites such as
Dz~ and HpOz (Lowris, 1983). In order to ralease

hydroiytic ehzymgs Ffrom the lysosomes Into the phagosomes
containing the invading organisme, fuglon of the two organslles
must o¢cur. Table 4 and Figure 188 demonstrate that in the
pragsence of the 26kba fraction, fusicn of phagoscmes containing
ingasted yeast particles to the lysosomes is inhibited, This

offast was optima) at & concentration of 50ug/ml {Flgure 18},
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The photoagraph 1n Figure 20B shows a non-fuorsscent yeast
particlie within a phogosome, indicating an inhibitien of

phagosome-lysosome fusion,

Although the mechanism(se) by which phagosome-lysosome fusion is
inhibited has not beer ¢learly identified, the possibility exists
that th1s process may invoive a dysfunction of the phagosome or
1ysoéoma1 membrana or both (Goren et al., 1976). The present
study, and several others, have shown an inhibition of phagésoma—
Tysosome fusioh by mycobactarial organisms, Armsirong & D‘Ar&y'
Hart (1971) showed an inhibition of phagosome-~lysosome fusion by
intact virutent M.tubarculosis organisms; Gordon et al;

(1980) recognised that the addition of ammonia ¢an inhibit
phagosome~ lysosome fusfon and that the content of ammonia in
cutture filtratas of M. tuberculosis organisms is sufficient

to account for this effect. Other stud1es.have indicated that
polyanionic substances such as suramin (D'Arcy Hart & Young,
1976) and po1v;d-g1utam1q acid (Draper ot al., 1979) may

result in an inhibition of phagosome-1ysosoma fusion,

On the basfs of these studies Goren ot al, (1976) examined

the effects of a polyanionic substa.se from M. tuberculosis

on phagosome-lvsosame fusion and demongtrated similar effacts to
those seen with suramin and poly-d-glutamie acid, However later
work done by Qoren ot al. (19874 & b) quastions the validity .
of these studies. They suggest that acridine orange is not a
good marker to use as an indicator of phagosome-lysosome fusion
“bacause it 15 capable of traversing biological membranes and

bacguse 1t 1% trapped by poiyanioni¢ substancesg. These
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Do1yanianfc_substances. they suggest, concenirate in Jysosomes
as a 'gntatinous sluggishly moving hydrocolloid that ionicaily
traps the caticv1ic acridine orange. " Tha abiliiy of the |
acridine orangs to traverse that-mambranes-doaé not appear to be
a serjous considaration in the present studies sincs the
phégocytosis of viable veast resulted in the prompt delivery of
the marker to the yeast containing phagosomes. Furthermore, no
fluorescence of the cytoplasm of the ce'll was ohsaerved (Figufa
20). In addition, Goren &t a/. (1987a & b) have suggested

that the aitifactual 1oﬁic-entrapment may on'ly apply when -

polyanionic substance % acterial sylphatides, are
used In studies of phage = . wion waing aoridinu
orange. Therafore substy . . ' mycobacterial -
fraction wh1¢h are not anlonic ol ggoscme~1ysosome.

fusion by mechanisms other than a simple  srapment of the dye."

Furthermore Lowrie & Andrew (1988) expressed doubt about the
theory that the phagusome-iysosome fua1on'is s1mp1y an artifact
6f the test system. They susgast that the artifacts 1ntrodhced
by the entrapment theory brough forward by Goren et al,

(1987 & & b) contributes c.iy to an overestimation of the
| inhibition, br't does not threaten the raa11ty.of the phenomenon
that mycobacteria do inhibit phagosome~iysecsoms fugion., This
lends credibility to the results of the prasent study indicating
the phagosome-Tysosome fusion is inhibited by the 25kDa
mycobacterial fraction and that this may be ane of the
mecharisme whareby mycobacteria would eluda Tntraceliular.

degradation by phagneytes.
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In order to assess the effects of IfN-~gamma on the fusion
procoss and the inhibition thereof by the 256kDa mycobacterial
fraction tﬁese studies ware extended to inglude expariments in
which phagosome~Tysosome fusion in culturss were examined in the
pragance of either IFN-gamma or IFN-alpha, The results (Figure
18C & D) slearly indicate that IEN-gamma (Figure 188), but hot
IFN-alpha {(Figure 18d), partially restores the inhibition of
phqgosome-Tysosome fusion caused by the mycobacterial component;
Restoration was never complate even whan higher soncensrations
of IEN-gamma wers used.. Whet IFN~gamma was used in control.
cultures tba phagogoma~lysosona fusion process wag not improved
to any sianificant degreé. The abiiity of IFN-gamna te reverse
inhibition of phagosome~lysosoms fusion adda further proof that
tha entrapment theory of Goren e al. (1987a & b) doas not
apply to this gvatem sinca the Fragtion 18 stil1l present, but

the dyo 1s better able o the phagesome.

The results of the present study provide further evidence to
indicata that the dofost in bactaricidal abiTity could, in part,
bo aseribed to an inhibition of phagosome-tysosome fusion since
IFN-gamma raverses hoth the i raceliular killing ability of
phagocytes and the jnhibition of phagosome=lyscisone fuston.

An effactive antimicrobial mechanism used by phagocytes to
destroy tnvading organisms is mediated by the relsase of
Tysosyme whicn is present in hijh concentratisns {n specific

granules 1n the call cytoplasm (fordon et al., 1074).
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Furthermore the release of lysosyms from these granules has been
showh to be raised upon phajocyte activation (Kowanko &
Farrante, 1987; Lowrie & Andrew, 1988)., ATthough lysosyme has
baen demonstrated to be capable of digesting the basal layars of
the M.tubsrculosis o1l walls fn vitro (Yakeya, &t

al., 1963} it i3 not effective in eliminating invading
mycobactarial organisms, The present study therafara undertook
to examine whether the 28kDa fraction had any effect on the
rolease of lysosyme by tha pha-osytas in addition to its effects
on phagosome~lysosome fysioh. Such studies indicate that the
25kDa mycobacterial fraction significantly (P <.001) reduced
Iysa:?me re1e§se from activated phagonytes (Figura 21), The
offact was dose dapendent and could be observed 5 minutes after
¢ell activation. The observation that this fraction depressed
Tysosyme levels in activated laukocyte supernatants 1s:1n

" keeping with the Findings of Ridley st al. (1885) who showed
that lysosyme synthosis ceased 1n macrophages which had ingested
M. Toprae. The results of tha prosent study and those

raparted by_uthars (R1dley, 1886; Lowrie & Andrew, 1988) suggest
tha Mkalihood that mycobacterial orgarisms, onts ingested and
degraded intracellulary, could relsase & fraction similar to
that described herein. This somponent cou1d.then either inhibit
the furthér release of lysosyme: neytralise any storsd setive
lysaosyma or could ih tha long tarm inhibit the de novo
synthesis of lyspsyme by the phagocyte, Evan though such
concepts nead to be documanted, the finding that the amount of
lysosyme present in the culture supernatant was reduced as garly

as B minutes suggosts that the fraction elther navtralisses
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Tysoayme or inhibits its release. In support of such &4 concept
{5 thea evidence provided by Lowr{ie & Andrew (1988} whi
damonstrated a similar inhibit{on of Tysosomal enzymes by

mycobacterial cell wall cumponants.

Studies examining the inhibition of lysoyme release by tha
mycobactaria) component aiso undertook to examine the role
played hy IFN-gamma in revérsing such effects.  The results
{Figure 22} clearly demonstrate tha IFN-gamma significantly

(P <.001) reversaes the 1nhibition ¢zused by the 25kDa
wycobacterial fraction. The effect was dose dependent and
maximal at a concantration of 200U/mi. When higher
concentrations of IfN-gamma wore used no further restoration of

1ysosyme production was observed.

ATtheugh IFN-gemma has been shownh to incraase lysosyma ralease |
from both neutrophiis (Kowanko & Forrante, 1987) and mononuclear -
phagocytes (Lewis et al., 1990), these effests could ba showh
'6n1y after 1 hour or a 8 hour {ncubatioﬁ period raspactively,

The experimental conditions in the current investigation utilised
. shorter incubation periods of 30 minutes. It ig thersfore
unlikely tho IFN-gamma could affect the early release of lysosyme
and its effects in these experiments are theraforo dus to &
reversal of the inhibitory effects of the 26kDa mycobacterial
fraction and not a diract stimuiatoery effect on the lysosyms
release by the cells. Furthermore, in tho present study,
IF~gamme did not have any effact.on resting phagooytes
suggesting that this Tymphekine may act as a primer of phagooyte



o~
.

Tysosyma reiease rather than a direct activator of macrophage
Tysogyme production. Regardiess of the machanism of phagocyte
activation, the resuits presented herein cleariy point to.
IFN~gamma as a potentiator of intracellular ki11ing mechanisms
sapeciatly in the potential role 1t may plar 1n counteracting

mycobacterial escape maechanisms.

The oxidative intracaliular kiiliug apparatus of phagécytas also
piays an important role in the antimicrobial activity of these
¢alls. This 1s substantiated by tha Fact that paﬁients with
chronic granulomatous disease, who have a deficiency of one of
the anzymes invelved in the oxidative respiratory burst of the
phagocytes are Tncapable of ki11ing a number of bacterial
organisms (Baboir, 1978b), Many other studies have shown that
the oridative metabo11tes are important for the intraceltular
kit1ing ability of phagocytes (McRipley & Sharra, 1967;_Kjehanoff
& Hamon 1975; Haidaris & Bonventre, 982; Nathan &t al.

1983}, &ince m?cbhactaria syrvive intracellutarly, it WwaS
ponsible that tha m1crq—urganisms had an effect on the oxidative
process of the phagocytes. The hasu1t5 of the prasent study |
fndicatas that the 26kDa mycobacterial fraction iniibits Hadz
production by both PMN calls and cultured monocyies (Figure 238B)
(P ¢.001}) and affacts the NBY reduction by PMN calls {an assay
which measures superoxide production) (Table 8) (P <.001). This
inhibition 1s dose dependent and maximal at a concantration of
50ug/m1 of the 25kDa mycobacterial fraction, This 18 not due to
a diract uytatoxic effect on the leukocyts since cell viability
after incubation with the 26kDa mycchacterial fraction for 2

hours was consigtantly graater than 95%.
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Many étudias have providad indirsct evidenca that Hz0z may be

ah Important mycobactaricidal factor. Mitchisen et al.

(1963) showad that thare was a correlation between the
susceptibility to HeOz and virulence of M.tuberculosis
organisms. Jackett st al. (19784}, in addition, showed that
Hz20z produced 1in macrophages is tuberculocida) and that this
affect was enhanced by the 7ow pH within the cells. Hawevar,
although virulant straing of M, tubsroulosis were shown to be
resistant to He0z (and therefora possibly able to cause

disease)} an sttenuated avirulent laboratory strain was also shown
t0 be resistant to He0z. The ability of M. tuberculvsis

to resist destructioh can tharefore a0t be attributed golely to
its resistance to sza. It is possible that the conclusions
drawn by these authors provide credence to the present st'udy
which demonstrates an inhibition of Ha0z and Oz- production

by the 25kba mycobacterial fragtion, thereby protecting viru1ant

organisms from destr¢.lon,

In their studies Jackett  al, (1973) also indicate that

they could not demonstrate an effective 02~ depandant kitling
mechanism from M, tubérculosts, \latar stﬁd1és by Pabst &t

al. (1988) indicate thet a sulphide from M, tubsrculosis

was capable of inhibiting the production of O2- by macrophages
stimulated with PMA. May & Spagnuclo (1987) also demohstrated
that mycobacteria) culture filtrate, PPO and cell wall |
arabinogatactan gignificantly falled to stimulate Q2=
production., Together with tha present findings, these studies

suggest that once phagooytes have degraded mycobactaria,
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Inhibitory molacules such as the one described herein ahd the
mycobacterial arabinogalactan, could be released to prevent

further production of 0z-,

An altarnative axplanation for the inability of Oz- to k111 or -
degrade M, tubercutosis organ1smé could ba that the organiem
{hactivates the molequla, thereby prutecting itself. Chan et
al. (1989) demonstrated that M. Teprae contains a phenolic
glycolipid (PA1) which scavenges Oz, It hes also been
suggestad that supsroxide dismutase (500), present in the
mycobacteria, inactivates the 02~ which 1s produced (Kusunosa
gt al., 1976). Although the 25kDa mycobacterial fraction

could ba ecting in a similar manner, the fact that it interferes
with several othar systems involved In intracellutar k111fn9

makes this unlikely.

Activation of phagocytes by IFN-gawma ﬁesu1t5 in &n enhancad
production of oxygen radicals (Pick, 198&; Gassatella st

é?., 1988; Bellstab & Schaffner, 1589} and an enhanced abi]{ty
of the cell to ki1l invading organisme (Walker & Lowrde, 1881;
Haidaris & Bonventre, 1882; Nathan of #7., 1983). To such

ends Walkar & Lowris (1981) demonstrated that mousa peritoneal
macrophages activated with Tymphokinas had an incressed ability
to ki1 Mumicrotd. In sddition they also demonstrated that

the ¢cells nhad an increased ability to produce HeOz and that
this rajsed HzOz production was responsible for the

increased ki1ling of the organism. In the present study the
addition of IFN-gamma, together with the 25kba mycobacterial
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fraction resulted in a significant’ly increased productﬁon of
Baide (P 4,001) and Oz- (P <.01) as compared to cultures

with the 26kDa mycobacterial fraction alone (Figurs 28C and
Table 5, respectively). BSuch findings dre not surprising since
savaral studies have pro.ided evidence in favour of IFN-~gamna
acting as a primer of phagocyte functidn and in particular to
that of Hz02 and Oz~ production. Thase include studies in
which HzOz production by PMN cells in response to a variety
of stimuli was énhanced in the presence of rifN-gamma (Bsrton
et al,, 1988; Cassatella et al., 1988). The present

studies also suggest that IFN-gamma acts as a primer of
intracgllular Kilting mechanisms since thig lymphokine had nb
stimulatory effect on its own but was capable of partially
restoring tha functions inhibited by the 2GkDa mycubacterial

fraction {(Table §).

Activation of an NADPH oxidase system results in the production
of superoxide and Hz0z (Babior, 1978a). This ultimataely -
transfars an etect:on from NADRH to molecular oxygen. JPuring
this process the NADPH 1s éxidised ta NADP and iﬁ is the |
availability of this Tatter co-enzyme which ¢ontrols the rate of
oxidation of glucose-8-phosphate via the HMPS (Babior, 1978a).
Analysis of tha HMPS pathway is therafora another means ot
'assess1ng the respiratory burst of the cell. In accordance with .
the results obtained for the NBT assay the HMPS was atlso
significantly reduced (® <,001) in the presence of the 25kDa
mycobacterial fraction at a concentration of 50ug/ml (Tabie 6).

1FN~gamma (200U/mt), but not I-s-alpha, partially reversed the
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effect of the 26kDa mycobacterial fraction. Wilsen st al.
(1988) indicated that lipids, sphinganine and sphingosine
inhibit the oxidative burst in human neutrophils. :This was
thought to be mediated by inhibiting the activation of the

- NADPH oxidase system. Previous studies from this laporatory
(Wadee et 47., 1987) have suggested that this may indeed be
the case. In these studles, the 25kDa mycobacterial fraction
was identified to be comprised of protein, carbthydrate and -
Tipid. Chemically modifying the fraction Indicated that the
important constituents were the carbohydrate and 1ipid
moietias, Results not presented hers indicate that these
components ware crucial to the inhibitory effect of the 25kDa
mycobacterial fraction, since removal of fhase constituents
resulted 1n a reversal of their inhibition of HMPS gctivity to
control levels, It is therefore possible that the lipid and
carbolivdrate components pregent in the 25KkDa my&obacter1a1
fraction may act in a gimilar manner to that described by Wilson
et ai. (19868) in inhibiting the acvivation of the NADPH
oxidase system, This rewaing & possibility that requires

further avidence for dogumentation,

Pravious reports have indicated that glycolysis 1s the main
source of the enerry required for phagocytosis (sbarra &
Karnovsky, 19587 Cohn & Morse, 1960; Cline, 1966), Adencsine
triphosphate (ATP), which is utilised to phosphorylate giucose
during glycolysis, is also tha source of enargy required by the'
calls for phagocytosis, It {s during cleavage of this molecule -

that large amounts of energy are released (Karnovsky, 1962).
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Although phagocytosis of yaast particies remains unaffected

by the 25kDa mycobacterial component it was sti11 of interesy
‘to determine whether this factor had any effect on the
glvealytic activity of phagocytes since gtorad ATP might
nrovide sufficient enargy to mafnta1n phagocytosis for a short
period of time. Another reason for examining this metobolic
pathway is the fact that the glucose-6-phosphate reauired by
the HMPS 1z provided for by glyca]yﬂs (Baboir, 1978a). 1In
this system, dlucose {& phesphorylated to glucose~6-phosphate
wh1ch how enters tha HMPS. Tha prasant'study has demostratad
that the 25kDa mycobacterial component significantiy suppressed
HMPS activity (Table 6). Even though this component has been
shown to interfere with the production of superoxide snion and
the oxidation of NADPH %o NADP as assessed by NBT redustion, it
dosas not exclude the possibility that HMPS activity maey be
inhibited dus to a reduced supply of ensrgy and glucose-6~.
phosphate resulting from an 1nhibition of the glycolytie
pathway, The results prssented in Figure 26 clearly .
dumonstrate that tha mycobacterial frastion significantly
affacted the glycolytic pathwdy of activated phagosytes. It is
possible though that the stored ATP within calls 1s suffielent
to prqyide tha enerdy for phagocytosis. These findings a1sb
point 4o the fact that the inhibitory effect of the
mycobacterial fraction 1s 1n the d{srupt1on of intracelluiar
ki111ng systems rather than the phagocytic potential of these

cells.
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The present studies have indicatad that M. tubsrculosis
organisms have the ability to evade intracellular degradation by
preventing or inhibiting a variety of bactericidal mecharnisms.
8ince 1ntraceliular degradation 1s neccassary for masrophages to
be able to present antigen to Tymphocytes, the present study
undertook to examihe the role, 1f any, of the mycobacterial
fraction on the presantatfoh of antigens by macrophages. These
studies were performad by the use of two experimantal systems.
The first system comprigad an investigation into the
bro‘l'tfaf*at-'hre responss of lymphosytes to mitogens and an
antigen, in the presance of monocyias pra—tr‘eéted with the 2BkDa.
mycobagterial fraction, The results indicate a s1§n1T1cant
suppresgion of Tymphocyte blastogenesis to the mitogens PHA, Con
A and PWM and to the antigen PPD (Table 7). The results of the
presant study suggest therefore that in addition to inhibiting
the intracellular killing ability of phagoeytes, the 26kDa
mycobacterial fraction has the ability of interfering with
antigean pressntabion by macrophagss as waell, It is possible
that this is a direct consequence of poor antigen procsssing, as
svidenced by an inhibition of thé_1ntraceT1uar degradative
mechanisms and due to & reduced pfo11ferat1on'be¢ause of
inhibition of the glycolytic pathway. This could add to its.
effects and lend more oredibility to tha mycobacterial camponent
ag an inmunosupprassive agent. The present study did rot
éxpiora these avenues any further as 1t was beyond the sdopa of
this dissertation. Nevertha1aas,'thasa findings agree in part
with those presented by ETlner & Daniel (1979) and by Kleinherz
gt af, (1081) who demonstrated that a mycobacteria)

componant, arabinamannan, was capable of suppregsing masrophage
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The present studies have indlcated that M. tubercuiosgis
organisms have the ability ta svade intracellular degradatiun hy
praventing or 1nhikiting a variety of bactericidal machanisms.
8inge intracellular degradation is neccessary for macrophages 4o
be able to present antigen to Tymphosytea, the presant study
undertook to examine the role, if any, of the mycobacterial
fraction on the presentation of antigens by macrophages. These
studies ware psrformad by the use of two experimental systems,
The first system comprised an lnvestigation into the
proliferative responss of Tymphogytes to mitogens and an
antigen, in the presence of mohopytes pre~treasted with the 26kDa
mycobacterial fraction. The results indicate a gigrificant
supprassion of Tymphocyte blastogenssis to the mitogensg PHA, Con
A and PWM and to the antigen PPD (Table 7)., The results of the
prasent study suggest therefera that in addition to inhibiting
the Intracsilular ki1111ng ability of phagecytes, the 25kn§
mycobacterial fraction has the ability of interfering with
antigen presentation by macrophages as wall. It 1s poagible
that this 18 a direct consequsnce of poor antigen prodessing, as
ovidencad by an inhibition of tha intracelluar degradative
mechanisms and dus to a roduced proliferatioh bagauss of
inhibltion of the glycolytic pathway. This could add to s
effecte and land more ¢redibility to the mycobacterial component
as an imnunosuppressive agent, The pregent study did not
explore thase avenues any furthar as 1t was beyend the scope of
this dissertation. Neverthaless, these findings agree in part
with those presentod by ElTner & Daniel (1979) ond by Kletnherz
et al, (1881) who demonatrated that & myoobacterial

componant, arabinomannan, was capable of suppressing macrophage
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depandent, antﬁgen-induced activation of human Tymphocytes,

Thay suggest that there 1s an aciivation of supprassor '
macroohages which downregulate the immune response by a nagativa
feedback mechanism. Wiethar the 25LDa mycobactarial fractien
acts 1ih a similar manner or whether 1t prevents the macrophage
£rom processtng a~d presanting antigen has not yet been
determined., However, the results of the presant study suggest
th'. the 25kDa mycobacterial fraction may ba acting at the level
of 1nh1h1t1ng the processing and presentation of antigen by
macrophages rather than a direct activation of suppresSof
macrephages (Table 7)., This 1s confirmed by further experimants
which indicate that there is a reduced expression of Class 11
antigens on mecraphages inaubated with the mycobacteriei
somponent. In a second series of experiments, the exhrassioh af
the MLA Class II antigans in response to macrophage activation
was assessed, In these studies, sdherent monacytas were
activated in the presence of the 25kDa mycobacterial fraction,
The expression of DR antigens was induced by incubating cells
with LPS, Bakers' yeast or IFN-gamma. Othar systems contained
these activatars {n the presence of the 25kDa fractiof, Results
obtained from a modified celiular ELISA used to dstermira OR
expression (Figure 26) demonstrate a marked inhibition of Glass
11 antigen oxpression by the 28kDa fractien, GClass II
oxpreasion of resting mecrophages was unaffected (Figure 26)
Just as the sxpression of such antﬂgeﬁs was not affectad by the
25kbe fraction 1 1t were added to prestimuiated eultures
{results not shown). These findings suggest that mycobacteria
hava tha abiiity of interfering with the expression of tas Class

I1 molacules if pfesant prior to or at the time uf wacrophage
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activation. However since the 25kDa mycobacterial fraction
doss not affect pre-activated celis, the present stud1es suggest
an additional rols for this mycobacterial componant ir -
inhibiting the activation of resting macrophages, This 48
important for the pathoganesis of tuberculosis. If the inftial
number of infesting organisms 1s small, the macrophage activated
by cytokines, such as IFN-gamma, is able to present the degraded
antigen togethar with Class II antigens to lyiphocytes and so
.'activate the CMI response, However, iF the infective dose 1s
high, the degraded material which 1s relsased could prevent
further activation of the other macrophages and so causs immune
suppression and consequently tubercuiosis. whéthah the
inhibition of ciass 1Y expression 1s madiatad by an interference
~1in the actua) synthesis of tha Class II antigen or by an
* abrogution of tremsport to the cell surface is at present
unclaar, This aspect of the effect of the 26kDa wycobasterial

fraction obviously requires further study.

The interaction of mycvbactaria with macrophages in relation to
the expression of DR antigens by the latter has been the subject
of fnvestigation by several groups recently. An sxamination of
paripheral blosd from tuberculous patients demonstrated that the
magrophaga popu’ation axpraséing DR antigens 1in this group was
can&iderably dacreasad.1n comparison to normal healthy controls
{Tweardy ot al., 1984; Ellner, 1986). This was particularly
trua for patients who had a depressed response to PPD,
Furthermore, when macrophages from these patients ware grown in

cutture 24 hours, their sspression of Glass IT antigens rosa to
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normal Tevals, Even though these authors have suggested that
the increass ti DR expression may b2 due %o a maturation of
cells in culture (Tweardy et al., 1984), 1t is possible that

the high concentration of the mycobacterial components present

in the circulatjon could 1nkibit the macrophage’s ability to
synthesise or exprass DR op thair surface and once celly are

laft in cutture thizs inhibitory effect may be lost, thus
allowing the cells to express DR, This is particﬁ1ar1y relevant
to the present study which demonstrates a aignificant reduction
of Clags II antigen expression in tha presence of the 25kDg
fraction, It is possible that the macrophages 'n the prasence
of mycobacteria and in particular the 25kba mycobacteria)
fraction could prasent Yeés antigen not only by inhibiting the
various intracelluar processing mechanisms but alse by
inhibiting the expression of Class II antigens, Current
immunoTogical dogma states that activation of CD8+, CD4+
helper/inducer lymphocytes ogcurs by antigen presentation in the .
presance of Class IT antigens. However antigesn presentation to
suppressor cells does not ooour via C1ass iI but rether by_the_
expression of antigen in the presence of Cless I antigens. 1In
kaaping with such thoughts, the studies of Tweardy &t a7,
(1984) and Eliner {1986) clearly show the activation of
suppressor nells by macropages not expressing Class II
antigans, This lends support to the possibility of reduced
cellular immune responses due to mycobacterial components such

as the 25kDa fraction.
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Similar reports have demonstrated that other mycobacteria also
have the abiTity of inhibiting HLA Class II express1oh. Kaye

et al. (1988) showed the exprassion of Ia by mouse

peritoneal macrophages was incrsased by IFN-gamma &nd that this
expragsion was suppressed by M.mfcroti. S8imitarly Collings

ot al. (1885) and Poulter at al, (1984) described a

reduction 6f HLA~DR axpression by cells from 1as1on; of patiants
infected with M. Jepras. Collactively, these results point

to an additional mechanism adopted by mycobacteria to svade the
host's immune system. By reductng HLA-DR exprasgion the
mycohacteria suppresses the hosts ability to activate a ¢ell
mediatad immune response and to 1rradicate the 1nvading |
organism. With regard ﬁo the 28kDa fraction described herein,
the rasuits sutgest a model whereby mycobacter1é upon ingestion
and degradation.relaasa this factor which could in turh {nhibit
activation of any other macrophages In the surrouncing area thus
ensﬁring tha sur ,val of remaining mycohacterts which ﬁav |

subsequent1y te phagocytosad.
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CONCLUSION

This study 1s in accordance with previous work dong in this
Jaboratory (Wades et al., 1987) and ¢learly demonstrates

that a 28kDa mycobacterial fraction obtained by separating
sonicated M.tuberculosis extracts by column chromatography.
inhibits the intracellutar killing abiiity of both PMN calls and
macrophages. To moie specifically deternmine tha mode of action
of the myccbactarial fraction, its effacts on yarious st¢- .
involvad in ths migrobicidal pr cess of the phagocytaes ware
gstudied. Although the 25kDa mycobacterial fraction has no
effect on the ability of these calls to phagocytose Torsign
material it significantly inhibits the ability-of phagosomss
{containing ingested ysast) to fusa with lysescwes and it also

inhibits the relesase of ysosyme from tha 1ysosumaﬁ granutas.

In addition to the {nhibition of poseible enzymatic degradative

processes, the 26kDa mycobacterial fraction also significantly
Inhibited the production of toxic oxygen radicals such as

HzCz and Q2 anion, probably by inhibiting one or more

‘stops df the HMPS pathway. @lycolysis which provides the energy
for the HMPS pathway was not significantly affecﬁsd, indicating
that the 25kDa mycobacterial frastion affscted the oxidative

- gyskems of the cells rather that the energy providing pathways.

Since the degradative mechanisms of the cel) are so efficiently

inhibited by the wycobacherial component, 1t was intaresting to
see whether the fraction affacted the antigen presenting

B T
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function of macrophages. ~The 25kDa mycobacterial fraction was
shown to gignificantiy inhibit antigen and mitogen presentation
to lymphocytes. Important components for antigen presentation
by sacrophages is intracellular degradation of the voreign
oraznism and presentation of the resulting antigenic fragments
in conjuriction with DR to the Tymphocytes, In addition to the
ithibition of the intraceliular degradative process the 28KDa
mycobacterial fraction alsc inhibited the ability of activated

macrophages to express DR on tts surface.

These resulis provide some explapation for the pathagenesis due
to infection with mycobacterial organ{sms; 1n:part1cuiar

‘M. tubsrculosis. Once ingested, tha argﬁnism gou’id be

doegraded and the breakdown products could contain 4 £5kDa-11ke
myscobacterial fract on which would then prevent furthar
degradation of the ingested mycobacteria. These coﬁ1d then
accumulate intracellularty and result in the pathology

‘associated with tubsrculosis.

The present siudy also ascertained that IFN-gamma but not
IFN-alpha was able to partially reverse the inhibition caused by
the 25kDa mycobacierial fraction {n eash of the systems whish
wers affected. Thesa studies wouid indicate that IFN-gamma qah
be an important therapeutic agent ?br the treatmanﬁ of
tuberculosis sinca 1t aphances the phagocytes ability to kil
ard degrade the invading M. tuberculosis organisms. The '
results alse suggest that IFN-gamma wmay have clinical relevance

in the treatment of mycobacterial diseasas.
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APPENDIX 1
Phosphate Buffered Saline (PBS) 0.18M (pH 7.2)

1 0Q0m
NaG? {Univar, South Africa) ag
Ke1 (Univar, South Africa) 0.2¢
NazHPO4~2H20 (BDH, Poole, England) " 1.1bg
KH2 PO4 (BDH, Poola, England) " 0.28
Diasolve in B00m) distilled water,
Adjust tha pH to 7.2,
Make up to 1 000m1 with distilled water.
Starilise by autoclaving,
APPENDIY 2 .
Ammonium_Chloride NHeG1 0.83%
| i od0m1
“NHe &1 {Msrok, Darmstadt, Garmany) ' o . B.4g
KHCOs {Merck, Darmstadt, Germany) ' : : | 1.0%g
EDTA  (Merck Darmstadt, Germany) | a7.7mg

Fllter sterilize.
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APPENDIX 3
Qgggniggd_aghgrs’ Yeasis

2 ml of 6 x 10% yeasts/m] ware cantr1fuged at 400g for 10
minutes.

Yeasts wera resuspended in 2ml1 of Fresh human serum and
incubated at 37°C for 30 minutas.

The opsonized yeasts were kept on ice until needed.

APPENDIX 4

Endotoxin Activated Serum (EAS)

~resh human earum was incubated with Ging/m1 of
Tipopolysaccharide (&, coli 0127:88 - Difco Laboratories,
Detroit, USA) at 37°C for 45 minutes.

Aliquots of the EAS wers stored at -202¢ until neaded.

APPENDIX & |
Nitroblue Tetrazolium Reagent (NBT)

NBT reagent, {arade 11T - S$igma, St. Louts, MO, USA) was preparad

by dissolving NBT {n P8S at a concentratton of img/ml, .

The solution was laft at 5600 1n order to dissoive the NBT
crystals.

The solution waa then centrifuged at 800g for 10 m1nutes to

remove any undfssolved dye particles and the superpnatant was

‘collected and stored in the dark at 49¢,
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APPENDIX 6

Harris’ Haematoxytin

Heamatoxylin cfyata1s bg

Absolute alcohol . 50mi -
Potassium aluminijumsulphate ' 1009
Dist{17ed water 1 0O0m1
Harcuric oxide : 2.69
Glacial scetic acld o A0m1

D1sso1ve potassium ajuminiumsulphate ¢ry=tals in bo111ng.
distilied water.,

Dissolve haematoxylin in a'cohol.

Mix the two solutions and boil rapidiy.

Remove from the heat and add mercuric oXide slowly.
Heat solution until it becowes dark purpla,
Remove immediately and plunga flask into ice water.
Add acetic acid to cold solution,

Filter be?gre use,

APPENPIY 7
Phanol, Red
" &mg of phenol red (Merck, Darmstadt, Germany) in 10m} of saline

was dissolved by incubating at 379C for 30 minutes.
"8olution was filtered through a 0,45 micron f1lter bafors use,
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APPENDIX &

Acidified Instage]

1 000MY Ingtagel (Packatd, I111nois, USA)
5.5m1 10M Hol

Acld was added slowly to the Instagel while stirring.
The solution was stirred until all the acld was dissolved,

APPENDIX =2

@lycolysis Assay Buffer

38.75g glycine _
21 20M hydrazine hydrate

Make up to 100m] with distiiled water.

ARPENDIX 10

sedium_Carbonate Buffer  0.06M {pH 9.8}
Na2 €0z (8DH, Pools, Ehgland)  1.5009
NaHCO3 (BOH, Poote, England) 2,9309

Make up to S00m1 with distilied water.
Adjust pH to 9.6
Make up to 1 000ml with distilled water.

0.5% Bovine Berum Albumin (BSA)

Dissolve 0.5g BSA (Seravac Pentex Preducts, I11inois, USA) 1n

100m1 sodium carbonate buffer.

store at -208C until needed,

1 ooom

S g e e
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APPENDIX L1

Peroxidase Substrate for cELiSA

A} Bubstrate Buffer

cltrie acid (BDH, Pooie, England) 1.028g/100m1
NazHPO4 (BDH, Poole, England)  1.448g/100m7

Dissalve in d1st1i13d water.
Adjust to pH 5.0.
Make up Fresh daily.

B) Supstrate
Immediately prior to use add 156ul of cold 30% Hz02 (BDH,
Poola, Edgland) and ons o—phehy1enadiam1ne tabiot (Zyﬁed

Laboratcries Inc.,.California, USA) per 12ml substrate buffer.

Kéep the substrate sojution entirely oovéred untit usad.
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