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Diminished IL-2 responses and alteration of CD2 expression on CD8" T cells are
associated with a lack of cytotoxic T cell responses during Theileria annulata
infection
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SUMMARY

Theileria annulatais a tick-borne protozoan parasite which causes the disease bovine tropical
theileriosis. In immunized or drug-treated animals, the pathogenic macroschizont stage of the parasite
is destroyed by MHC class I-restricted cytotoxic T lymphocytes (CTL). Here we show that although
CD8" T cells increase greatly in number and display activation markers during an acute infection, they
exhibit no killing of infected cells. During the ineffectual response, efferent lymph cells’ ability to
proliferate to IL-2 drops, coinciding with loss of MoAb binding to CD2 by CD&lls. When animals

were treated with the anti-parasite drug ‘Butalex’, IL-2 responses, anti-CD2 antibody binding by CD8
cells and strong CTL activity were restored within 24 h. The initial activation of TD4cells by
parasite-infected cells altering the IL-2 production in the draining lymph node is the likely cause of the
failure of CTL responses.
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INTRODUCTION infected cells develop in the lymph node draining the site of
infection. The majority of disease pathology is associated with

Theileria annulatds a tick-transmitted protozoan parasite, affecting ; .
the macroschizont stage—full disease symptoms can be produced

cattle in Southern Europe, North Africa, India, the Middle East, this st 67
Southern former USSR and China, and is the causative agent clﬂ‘y Is stage [6,7].

tropical theileriosis. This disease is of particular importance, asanirEZIrsasiI;e trf:)euagrr?tnct(e) It;]e VSﬁﬁgSﬁS/ Oe;rerst(;(;veg;dMdélég'glzztsed
high-yielding ‘exotic’ European cattle imported into endemic areas . . .
gh-y g P P |-restricted cytotoxic T lymphocytes (CTL) [8,9], which have

are extremely susceptible to disease. Animals can develop |mmun|tg ) -
. . . een shown to lyse macroschizont-infected cells. It has not been
to the disease through parasite challenge and treatment with the dru% - . - . . .
ssible to isolate such CTL from naive animals undergoing primary

‘Butalex’ (buparvagoune injection, Mallinckrodt Veterinary, UK; POSSK ) . .
rom ere on eaed o s Buse) o useof an atenuated TS, [ ey, we Tave shoun el biecten win
vaccine. However, infection of naive susceptible cattle leads to rapiq : . P 9
disease progression, with death commonly within 2—3 weeks Oymph node _by disrupting ”Ofma'”e” develno_pment pathways—T
experimental infection depending on the dose of parasite given [1,2 _eIIs are actlvgted ‘non-spemﬁ_cally’ by para_15|t|zed cells, rather than
The principal cells infected and transformed by sporozoitesmerac’[Ing with normal antigen-presenting cells (APC) [10]

. . . acroschizont-infected cells possess an activity akin to a super-
nfective stage) are of macrophage/monocyte lineage [3-5], and . .
@ v ) phag yte lineage [3-5] antigen, although not yet fully characterized [10,11]). Non-

' _ _ protective T cell responses result in an initial ‘burst’ of CD25
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development of CTL in lymph efferent from nodes draining the site(DR) (J11 [21]). Cells were analysed using a Becton Dickinson

of infection of naive and immune cattle. During infection of naive (Oxford, UK) FACScan and PC Lysys software.

cattle the ineffective T cell responses were examined until the

severity of disease symptoms necessitated drug treatment. Theytotoxicity assays

animals were subsequently assessed during the recovery periddti-T. annulatacytotoxic activity was assayed using chromium

when immune mechanisms were fully functional. release as previously described [8]. Briefly, ELL were incubated for
4h with target cells labelled with 0-5mCi/mifCr (as sodium
chromate) (Amersham, Aylesbury, UK). The ratio of effector:targets

MATERIALS AND METHODS was varied from 80:1 to 5:1. Targets were previously generated
Animals and cannulations autologousT. annulatamacroschizont-infected cell lines or unin-

Three Friesiam Brown Swiss or Charolais calves aged 3-8 monthsfécted autologous concanavalin A (ConA) blasts as previously
were used in this study. Two were previously unexposed todescr!bed [_8]. Chromium relea_se was a;se_ssgd by scintillation
T. annulata(animals 1 and 2), and one was immune to the parasite¢ouUnting using a Wallac 1450-Microbeta scintillation counter.
having undergone cell line immunization and sporozoite challenge )

(animal 3). The efferent lymphatic duct of the animals’ prescapularroliferation assays

lymph node was cannulated as previously described [12]. The ability of ELL to respond to IL-2 and autologolisannulata
macroschizont-infected cells was assessed by thymidine uptake

assays essentially as previously described [10]. ELL were grown in

Infection withT. annulataand drug treatment ;
. . . . . . -well flat- I Nunc, Roskilde, D k
The two naive animals were inoculated with 0-1 tick equwalents96 well flatbottomed plates (Nunc, Roskilde, Denmark) and

; . . stimulated with medium alone, or 40 U/mlhIL-2 (Boehringer,
(TE) of T. annulatasporozoites (Gharb strain [13]), in the shoulder Mannheim, Germany) for 72h. ELL also were cultured with

ab_ove the cannulated Iymph _node 24.h post_— ca_nnl_JIatlon. BOtIglutologous irradiated . annulatamacroschizont-infected cells as
animals developed severe clinical tropical theileriosis, and were

reated wih Eutalex (Smoikg) 14] (Malncodt Veterinany) as (1oL Seone [0 el ore BoseE WCIE
soon as food intake dec_:reased (day 10 post-infection a”'ma' L.d y liquid scintillation counting in a Wallac 1450 Microbeta.

11 animal 2). Both animals made a full recovery. The immune

animal was cannulated on the right shoulder, and baseline

measurements taken. Unfortunately this cannula became blocked. RESULTS

The animal was therefore re-challenged with sporozoites on the le%roliferative capacity of ELL
shoulder and cannulated 5days post-infection. Baseline day *

levels shown for this animal therefore refer to the first cannulati nIn the naive animals %2, ELL proliferated to IL-2, with both
evels shown for this animal Ineretore refer to the first cannuiatio 'showing highest responses at day 8. This declined rapidly by day
and the re-challenge values to the second cannulation.

10, but was strongly regained following drug treatment (Fig. 1a). In
the immune animal, IL-2 responses were maximal at day 5, with a
Lymph collection steady decline to baseline levels by day 17 (Fig. 1b)

Lymph was collected into sterile plastic bottles containing 5-10U/  ELL from naive animals displayed normal ‘non-specific’ pro-
ml heparin (Leo Laboratories, UK) and antibiotics to give a final liferative responses of T cells to autologous macroschizont-
concentration of penicillin 20U/ml and streptomycin @ml infected cells [10] at day O, and in the first few days of infection.
when the bottle was full. The bottle was changed two to fourAs infection progressed, no proliferation was induced in ELL by
times per day depending on flow rate. Fresh lymph was collecte@utologous infected cells until after Butalex treatment, which
for 1h each morning for use in functional studies. Remainingrestored levels of proliferation to approximately those seen
lymph was pooled aseptically and re-infused via a jugular cannuldefore infection (Fig. 1¢). The immune animal showed high pro-
to maintain fluid, electrolyte and protein balance, and to avoid anyiferative responses against autologous infected cells at day O,
interference with the development of systemic immunity. which remained essentially constant throughout infection (Fig. 1d).

Cell preparation Kinetics of CD4 cells

Efferent lymph leucocytes (ELL) were prepared by centrifuging Previous studies of acute tropical theileriosis have indicated a
lymph at 80Qy for 10min, re-suspending cells in RPMI 1640 transient appearance of activated T cells in the draining lymph
medium, and then separation over Ficoll-Hypaque (‘Lymphoprep’;node. Activated CD4 cells are seen in the lymph node medulla
Nycomed, Oslo, Norway) as previously described (for peripheraffollowed by an apparent migration from the node of these cells—
blood mononuclear cells (PBMC) [15]). The viability of efferent CD25"CD4" cells are not seen in infected nodes by day 8 [10,22].
lymph cells was always=98% as assessed by trypan blue This pattern was seen in the efferent lymph of naive animals 1 and

exclusion. 2, with a transient increase in the relative percentage of efferent
lymph CD4" cells peaking at days 7 and 8, respectively (Fig. 2a).
FACS analysis The peak of CD#% cells coincided with their highest expression of

Cells were stained for dual-colour FACS analysis as previouslyCD25 and MHC class Il £37% CD4CD25"; =40%
described [10]. Analysis concentrated on the expression of£D4"MHC class II). The peak of CD25 cells coincided with
activation markers on different T cell subsets. Efferent lymphthe day 8 peak of IL-2 responsiveness. The levels of Cidlls,
cells were stained using anti-CD2, CD4, CD8 and W4ALT cells) and their expression of activation markers (results not shown),
(MoAbs IL-A26 [16]; CC8 [17]; SBU-T8 [18]; CC15 [19], rapidly dropped to below baseline levels thereafter (Fig. 2a).
respectively). Activation marker expression by T cells was In the immune animal number 3, the relative percentage of
detected using MoAb to CD25 (IL-A111 [20]) and MHC class Il CD4" cells fluctuated by+ 20% from baseline post-challenge,
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with a steady decrease by day 12 (Fig. 2a). This was accompaniduhseline levels (data not shown). No significant increase in CD25
by an increase in the expression of MHC class Il and CD25 byexpression by CD8cells was seen from any of the animals during
small numbers (approx.10%) of these cells (data not shown)infection, irrespective of the levels of CTL activity detected in

dropping to normal again from day 12. lymph (data not shown).
There was no increase seen in the numbers of, or activation
Kinetics of CDg cells marker expression by,6 T cells at any point of infection in any of

The relative percentage of Ch&ells in ELL of animals 1 and 2 the animals (data not shown).
increased steadily post-infection, with a transient drop on day 11,
corresponding to severest disease. This drop was partially revers&iTL activity is absent from the blood and lymph of infected naive
post-drug treatment (Fig. 2b). Ch&ells showed a steady increase animals
in expression of the activation marker MHC class I, witB0% of No cytotoxic activity was observed in the blood or efferent lymph
these cells expressing MHC class Il by day 11 of infection in bothof the naive animals during the courseTofannulatainfection in
animals (results not shown). direct cytotoxicity assays against autologdusnnulatainfected

As for CD4, the immune animal number 3 showed a smallcells (Fig. 3). In contrast, anti-parasite cytotoxic responses were
stable increase in MHC class Il expression by CD8ells detected in the immune animal by 5 days post-infection, reaching a
maintained until day 12, when numbers steadily decreased tpeak in efferent lymph at day 10 (Fig. 3). Peak cytotoxicity levels
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Fig. 1. Proliferation of efferent lymph leucocytes (ELL) from naive animal 2 and immune animal 3 to (a,b) IL-2 and (c,d) autdlbgibeisa
annulatainfected cells. Values expressed are net ct/min, i.e. test values minus background ct/min, thus negative values indicate proliferation
of ELL lower than background controls.
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in blood were found 24—-48 h after the peak in lymph (Fig.3). No  CD2 expression by CDS cells was restored 24-48h after
cytotoxicity was detected against autologous uninfected Con AButalex treatment (Fig. 4), and coincided with the appearance of
blasts at any point from any animal (results not shown). CTL activity in blood and lymph.

Bu_talex treatment restores cytotoxic function in acutely infected DISCUSSION
animals
Treatment of acutely infected animals with Butalex, which rapidly T cell responses are severely disrupted during adutanulata
kills the intracellular macroschizont [14], led to a virtually instant infection [10]. ‘Non-specific’ activation, primarily of CD4 T
appearance of cytotoxic activity in lymph from animals 1 and 2, cells, by parasite-infected APC in the draining lymph node results
peaking 48 h post-drug treatment (Fig. 3). Due to the high outputn the production of interferon-gamma (IF; but this response
rate from the infected lymph nodes (up to 300 ml/h from infecteddoes not provide protection [10,11]. Although it was apparent that
nodes [23]) it was decided on animal welfare grounds to terminatehe alteration of T cell responses may have been responsible for the
the cannulation of the naive animals by 14 days post-infectionlack of anti-parasite CTL in naive animals, the mechanisms
CTL activity was subsequently measured from PBMC (isolatedunderlying this failure were not clear. In this study, we show that
from venous blood using 20% acid citrate dextrose (ACD) as anti{L-2 responses are not sustained in the infected lymph nodes, and
coagulant) for the remainder of the experiments. Following drugthis is accompanied by a loss of CD2 expression by T cells and the
treatment, CTL activity in PBMC was comparable to ELL with a 24— failure to generate CTL responses.
48 h delay. Cytotoxic activity of PBMC steadily decreased from day
14, but was still detectable 7 days post-drug treatment. (Fig.3).  Characteristics of a successful immune response

The successful response to challenge by the immune animal was
Loss and restoration of CTL activity is associated with expressiorcharacterized by both proliferative and cytotoxic responses against
of CD2 macroschizont-infected cells. A small increase in both numbers of,
In the immune animal number 3, which produced high levels ofand activation marker expression by, CDand CD8 T cells
CTL activity, CD8' T cells remained- 98% CD2" throughout the  corresponded to high IL-2 responsiveness by day 5. Strong CTL
course of parasite challenge (results not shown). In the naiveesponses developed from this point on. These results again
animals,>96% of CD8" cells expressed CD2 on day 0. However, emphasize the previously reported importance of T cells in parasite
there was a marked loss of CD2 surface expression by'Gig8s clearance [8,9].
following infection, peaking 9—11days post infection—(60% of
all ELL CD8" cells from both animals did not stain with anti-CD2
on the day of drug treatment (Fig. 4). At the peak of CED8" 25 -

cells in the lymph, no CTL activity was detected.
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Fig. 2. Relative percentages of (a) Cb4nd (b) CD8 lymphocytes inthe  Fig. 3. Killing of autologousTheileria annulatainfected cells by efferent
efferent lymph of cattle posTheileria annulatasporozoite challenge. lymph leucocytes (ELL) of naive animal 2 and immune animal 3.
Arrows indicate day of Butalex treatment of naive anim#lis.Naive 1, Effector:target ratio of 40:1. Arrow indicates day of Butalex treatment of
0, naive 2;A, immune 3. ELL, Efferent lymph leucocytes. naive animal. N, No lymph results post-day 13 in naive animal.
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Fig. 4. Expression of CD2 by CD8cells of naive animal 2 (percentages relate to numbers of CID2" cells). Only 28% of CD8 cells are
recognized by anti-CD2 MoAb at day 9, and this lack of MoAb binding is maintained until day 11 (day of Butalex treatment, sample taken
pre-Butalex). By day 13, when cytotoxic T lymphocyte (CTL) activity is at its peak, CD2 expression is completely restored.

It seems likely that ‘simple’ activation of T cells and the of activated CD$ cells seen in ELL from an immune animal. The
production of IL-2 are the principal requirements for anti-parasitedifferences may be due to the rapid expansion required in the
immunity. It has already been demonstrated that H&nd generation of a primary response compared with the recall of
presumably activation of innate defence mechanisms) does nahemory cells from a precursor pool of greatly increased frequency
confer protection in primary acute infections, and indeed mayin the secondary response. There are two linked factors apparent
exacerbate infection [11]. Although anti-parasite antibodies ardrom this study which could account for the failure of this greatly
produced following recovery from infection or immunization with expanded pool of CD8cells to mediate CTL activity: the loss of
recombinant antigen, satisfactory protection cannot be engenderél-2 responsiveness and the modulation of CD2.
by antibody alone [24]. Skewing of immune responses to a Thl or The peak of cytotoxic activity in the immune animal corre-
Th2 cytokine profile therefore does not appear to be successful isponded to the peak of IL-2 responsiveness in the node. While IL-2
anti-parasite responses. It seems likely that the protective responsesponses were initially high in the naive animals, they dropped
is similar to the ThO responses in Fasciola infection of cattle [25].dramatically with the exit of CDACD25" cells in the efferent

The immune animal’'s ELL showed consistently higher prolif- lymph. Either these cells were responsible for the IL-2 responses
erative responses to autologolisannulatainfected cells than the observed (and the CD8 cells were not responding) or the CD4 cells
‘non-specific’ T cell activation induced in naive ELL. The elevated were facilitating proliferation by the CD8 cells. Either way, this
proliferation may signify anti-parasite memory contained in ELL response was removed by day 8 of infection, which will have
from immune animals, although attempts to isolate these ‘recall’ Tcontributed to the CTL inactivity.
cells have proved unsuccessful to date (J.D.M. Campbell and E.J. There is a clear association between the ability of ELL to

Glass, unpublished observations). mediate CTL activity, and the ability of anti-CD2 MoAb to bind to
CD8" cells. CD2 binding to LFA-3 on target cells is an essential
IL-2 responses are not sustained in the lymph node step in the killing of targets by CTL [26]. In the immune animal,

Previous studies indicated that although draining lymph node'CD4 with efficient CTL responses, no variation in binding of anti-CD2
cells expressed CD25 soon after infection, these cells were then loMoAb was observed. In the naive animals, despite the extremely
from the node by approx. 8 days post-acute infection [10,22]. Thdarge numbers of activated CD&sells in ELL, no CTL activity
experiments described here show that the activated T cells leave theas detected pretreatment, coinciding with the loss of CD2 MoAb
node via the efferent lymphatic, with the ability of ELL to respond to binding to CD8 cells. Following anti-parasite drug treatment, IL-
IL-2 virtually ablated by 10 days of infection. The short window of 2 responses, CTL activity and CD2 MoAb binding were restored.
CD4*' T cell activation and IL-2 responsiveness is due to the non-The ability to detect peak CTL activity directly after drug treat-
specific activation of T cells by parasitized APC [10]. Even whenment strongly suggests that CTL responses to the parasite are
IL-2-responsive, ELL showed profoundly suppressed proliferative'turned off’ rather than absent. CTL activity follows a normal (bell-
responses td. annulatainfected cells, confirming previous obser- shaped) distribution in the immune animal, whereas the instant
vations that the activated T cells seen early in infection arehigh level of activity following drug treatment suggests that the

extremely unlikely to mediate anti-parasite immunity [10,11]. response is blocked until the parasite is removed.
Although it is possible that parasitized cells are directly
Modulation of CTL function inhibiting CD2 transcription or surface expression of the whole

The failure to detect CTL responses from acutely infected animalsnolecule, it seems more likely that the epitope to which the anti-
does not appear to be simply due to this immune mechanism ndED2 antibody binds is altered. Changes in CD2 epitope expression
being stimulated. The numbers of CD§ cells in efferent lymph  have been previously linked to the failure of T cell responses [27].
of acutely infected animals increase vastly, and virtually all Specifically, activated T cells can become anergized without
express the activation marker MHC class Il (BoLA DR) by days proper costimulation. This is characterized by the loss of epitopes
9-10 post-infection. This is the phenotype of CTL mediating anti-on CD2 resulting in a failure to bind LFA-3. Restoration of CD2
parasite immunity in animals vaccinated agaifistnnulata[23]. epitopes through exposure to IL-2 induces binding to LFA-3,
This response is greatly exaggerated, compared with the low levelsgstoring T cell function [27].
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The series of events leading to the failure of CTL responses in  Theileria annulata infection of cattle with evidence for BolLA
cattle acutely infected witli. annulata and their subsequent restora-  restriction. Clin Exp Immunol 1983;3:88-100. o
tion, closely follows those described above, i.e. coincident with thel® Campbell JDM, Howie SEM, Odling KA, Glass Etheileria annulata
loss of IL-2 responses, by day $060% of CD8" cells have lost the induces aberrant T cell activatiom vitro and in vivo. Clin Exp

. . o : Immunol 1995:99:203-10.
epitope repognlze_d t?y anti-CD2 MOAb and are not.functlonal.. Whenll Campbell JDM, Brown DJ, Nichani AK, Howie SEM, Spooner RL,
the parasite is eliminated, ELL instantly re-acquire the ability to

; . Glass EJ. A non-protective T helper 1 response against the intra-
respond to exogenous IL-2, accompanied by a restoration of CD2, macrophage protozoafheileria annulata Clin Exp Immunol 1997;

and immediate CTL activity, presumably as CD&lls can bind to 108463-70.

targets. The restoration of CD2 in thisvivo system (24-48h) is 12 Glass EJ, Spooner RL. Cellular Immunity in cattle. In: Weir D,
quicker than in thanvitro model (up to 7 days), but thia vitro Herzenberg L, Herzenberg L. eds. The handbook of experimental
anergized cells may represent an artificially extreme case. immunology, 5th edn. Cambridge, MA: Blackwell Scientific Publica-

In conclusion, this study has shown that successful immune ftions, 1997. _ o
responses td. annulataare characterized by extremely efficient 13 Ouhelli H. Theileriose Bovine @heileria annulata(Dschunkowsky
responses to IL-2, accompanied by a strong CTL killing of and Luhs, 1904). Recherche sur la Biologie des vecteurs (Hyalomma
macroschizont-infected cells. In contrast, despite activation of SPP) €tsurlesinteractions hote—parasite. PhD Thesis, I.N.P. Toulouse

. 1985.
Iarge numbers of CD8T C_ells’ (_:TL respon_ses are npt effect_lve 14 McHardy N, Wekesa LS, Hudson AT, Randall AW. Antitheilerial
during acute T.annulata infection. This is associated with

. . ) activity of BW720C (buparvaquone): a comparison with parvaguone.
alteration of CD2 expression by the COF cells. This anergy Res Vet Sci 1985392933,

of CTL correlates with cessation of IL-2 production when 15 Glass EJ, Spooner RL. Requirement for MHC class Il positive

parasite-activated CD4T cells leave the lymph node. Thus, the accessory cells in an antigen specific bovine T cell response. Res Vet

initial activation of CD4' T cells by parasite-infected cells altering Sci 1989;46:196—-201.

the IL-2 production in the draining lymph node is the likely cause 16 Baldwin CL, MacHugh ND, Ellis JA, Naessens J, Newson J, Morrison

of the failure of CTL responses. WI. Monoclonal antibodies which react with bovine T-lymphocyte

antigens and induce blastogenesis: tissue distribution and functional
characteristics of the target antigens. Immunol 1988439—-46.
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