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A dhfr-ts* Leishmania major Knockout Mutant
Cross-protects against Leishmania amazonensis

PST Veras/™, ClI Brodskyn**, FMP Balestieri***, LAR de Freitas, APS Ramos,
ARP Queiroz**, A Barral**, SM Beverley****, M Barral-Netto*

Laboratério de Patologia e Biologia Celular *Laboratério de Imuno-regulacéo e Microbiologia, Centro de
Pesquisas Gongalo Moniz-Fiocruz, Rua Valdemar Falcdo 121, 40295-001 Salvador, BA, Brasil **Servigo de
Imunologia, Hosp. Univ. Prof. Edgard Santos, UFBa, Salvador, BA, Brasil ***Laboratério de Tecnologia
Farmacéutica, Departamento de Fisiologia e Patologia, UFPB, Jodo Pessoa, PB, Brasil ****Department of
Molecular Microbiology, Washington University School of Medicine, St. Louis, MO 63110, USA

E10-5A3 is adhfr-ts Leishmania majodouble knockout auxotrophic shown previously to induce
substantial protection against viruleht major infection in both genetically susceptible and resistant
mice. We investigated the capacitydbifr-ts to protect against heterologous infectiorLbgmazonensis.

The degree of protection was evaluated by immunization of BALB/c or C57BL/6 mice with E10-5A3,
followed bylL. amazonensishallenge. Whether immunized by subcutaneous (SC) or intravenous (1V)
inoculation, susceptible and resistant mice displayed a partial degree of protection against challenge
with virulentL. amazonensis SC-immunized BALB/c mice developed lesions 40 to 65% smaller than
non immunized mice, while IV immunization led to protection ranging from 40 to 75% in four out of six
experiments compared to non immunized animals. The resistant C57BL/6 mice displayed comparable
degrees of protection, 57% by SC and 49% by IV immunization. Results are encouraging as it has beer
previously difficult to obtain protection by SC vaccination agdiesshmaniathe preferred route for

human immunization.
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Leishmaniasis is an endemic disease in sevemaluco-cutaneous leishmanisis (ML) deveilogitro
parts of the World, including South and Centralymphocyte proliferative responses with abundant
America, Africa and Asia. At least 400 million IFN-y (interferony) production (Carvalho et al.
people are under the risk of infection, with an inci1985b), which may be induced by early IL-12
dence of 600 thousand new cases of leishmaniagisterleukin 12) production. On the other hand,
per year and a prevalence of 12 million infectedusceptibility is linked to a Th2 (T helper 2) type
individuals (Desjeux 1992). People residing inymphocyte stimulation, with production of IL-4
endemic areas exhibit different clinical manifestafinterleukin 4) (Bogdan et al. 1996, Romagnani
tions of leishmaniasis, determined by the speciek996, Launois et al. 1997). Individuals with dif-
of infecting parasite and also by host factors.  fuse cutaneous leishmanisis (DCL) or visceral

Resistance and recovery to all forms of leishleishmaniasis (VL) mount a non-protective Th2
maniasis has been linked to cell-mediated immunesponse (Carvalho et al. 1985a, Romagnani 1996).
responses (Belosevic et al. 1989). Patients with For many reasons, it is important to develop a
New World cutaneous leishmaniasis (CL) andaccine against leishmaniasis, and several lines of

evidence suggest that this should be possible

(Modabber 1990, Grimaldi Jr 1995, Handman

1997). Indigenous residents of highly endemic
This work was supported by grants from Fiocruz, Braz0ones of zoonotic CL usually suffer the disease only
zil, Pronex and the WHO Special Programme in TropiOnce, and its severity is less than that occurring in

cal Disease Research. non-indigenous visitors. Individuals from endemic
*Corresponding author. Fax: 55-71-3564292. E-mailareas have protected themselves from multiple le-
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rally-acquired disease. In additidreishmanias Immunization and challengeGroups of sus-
an easy parasite to manipulate and maintain eeptible mice (n = 5) were immunized subcutane-
axenic culture. Severatudies using experimental ously in the right footpad, or intravenously, with
animals showed a protective effect in response tthfr-ts L. major suspension in saline containing
vaccination (reviewed in Barral-Netto & Barral 10%, 10° or 10° E10-5A3 promastigotes in 20 pl
1987, Modabber 1990, Connel et al. 1993). for SC or 200 pl for IV vaccination and challenged
The protection obtained by using live parasiteene week later with stationary phasé.
has led to a search for attenuated parasites for i@mazonensipromastigotes in the right footpad.
munization against leishmaniasis (Handman et alhe control group (n = 5) received an equal vol-
1983, Mitchell et al. 1984, Marchand et al. 1987yime of phosphate-buffered saline (PBS). As pre-
Kimsey et al. 1993) as the use of attenuated par@ously described (Titus et al. 1995), mice were
sites could induce protection without producing-hallenged one week later by SC inoculation in
pathology. Although the defect(s) of these lines ighe right hind footpad with stationary phalse
unknown, a defined auxotrophic line has been pr@mazonensigromastigotes (fr 5x16 parasites
duced by targeted deletion of an essential metd 20 Hl). The course of infection was monitored
bolic gene, DHFR-TS(encoding the bifunctional PY measuring the footpad thickness using a dial
dihydrofolate reductase-thymidylate synthase) ig§auge caliper. Graphs show the lesion size, ex-
L. major(Cruz & Beverley 1990, Cruz et al. 1991)_pressed as the dlffe_rence between the infected and
This line did not cause disease even in highly sythe contralateral uninfected footpads. Text results
ceptible mouse strains, and vaccination conferre€ expressed as percentage of protection or the
substantial and specific protective immunity in€/ative reduction of lesion size, compared to le-
BALB/c, C57BL/6 and CBA mice challenged oneSion from control, non-immunized mice.
week later with virulent.. major(Titus et al. 1995). RESULTS

Studies with cross-protection are very rare Wi :
I e asked whether thahfr-ts strain ofL. ma-
(Alexander & Phillips 1978, Howard et al. 1981, a5 aple to protect against heterologous chal-

1982), but it has aI(eaQy been dgmonstrated P"Rhge with promastigotes &f amazonensisWe
tection of BALB/c mice infected with. tropica, &  ;seq the same protocol of immunization with which
causative agent of Old World CL, against Newye previously obtained high degree of specific
World CL agentsl(. panamensid.. mexican@nd  protection against homologolsmajorchallenge
L. amazonensjs In addition works of cross-pro- jnfection. Groups of susceptible BALB/c mice
tection using primates are controversial (Lainsofy = 5) were immunized subcutaneously with, 10
& Shaw 1977, Barral-Netto & Barral 1987). Injc6 or 18 E10-5A3 promastigotes, and challenged
the present report, we evaluated the ability of thgne week later with fostationary phask. ama-
L. major dhfr-ts mutant E10-5A3 to confer pro- zonensipromastigotes in the right footpad. Con-
tection of mice against heterologous infection byro| animals received the same volume of saline.
L. amazonensjsa parasite which induces severairhe group immunized with $aihfr-ts parasites
different forms of leishmaniasis in humans (Barragjisplayed smaller lesions compared to the non-
etal. 1991). immunized animals (p<0.001) or the groups im-
MATERIALS AND METHODS ?X;i(zlgd V\i'ﬂ; 1? (I?<0-01) or 16 (D<0é3é3)_ E10-
, ig. 1a). In four experiments, SC immuni-

Animals- Inbred BALB/c and CS7BL/6 were ;41ion conferred better protection between the 7th
obtained from the Central Animal Facilities 0f5q the gth weeks post challenge infection. Pro-
Fiocruz (Rio de Janeiro, BR) and used beginning glction ranged between 40 and 65%. Overall, the
eight weeks of age. Mice were maintained at Centiuree of protection found was somewhat less than
de Pesquisas Goncalo Moniz (CPqGM), with wat€f, 5 ohserved previously by homologous challenge
and balanced commercial ratiad libitum with virulentL. major (Titus et al. 1995).

Parasites- Thedhfr-ts L. major (strain E10- Intravenous immunization of BALB/c mice was
5A3) (Cruz et al. 1991) was maintained in M199; 54 evaluated. Animals were immunized with the
medium, supplemented with L@/ml Thymidine, qoses of 1) 1P or 1 E10-5A3stationary phase
10 mM Adenine, 0.25% Hemin, 20 mM HEPES,omastigotes each. One week later, the immu-
and 20% Fetal Calf Serum (FCS, Hyclond).  pized mice were challenged with 5 x61D.
amazonensjsstrain MHOM/BR-88/BA-125, was amazonensistationary phase promastigotes, 5-fold
maintained in Schneider’s medium supplementeghore parasites used to challenge animals immu-
with 10% FCS. dhfr-ts andL. amazonensista- nized by SC route. Protection of IV BALB/c im-
tionary phase promastigotes were washed and sigunized mice ranged between 12 and 75%, but in
pended in saline for animal inoculation. four out of six experiments lesions were 40 to 75%
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smaller than control animals. Mice immunized withsmaller when compared to non-immunized animals
108 dhfr-ts promastigotes displayed greater pro{p<0.001). Levels of protection in mice immunized
tection (p<0.05). Animals vaccinated with*10 once or twice doses were similar (p>0.05). In this
auxotrophic promastigotes showed in two experiexperiment, compared to non immunized animals,
ments a worst course of infection with lesions 2@esions of those immunized three weeks before
to 50% larger than to those from control animalnfection were 57 to 33% smaller (p<0.05) and of
(Fig. 1b). those immunized one week before infection were
The effect of two doses was compared to 42 to 45% (p<0.01) smaller (Fig. 2).

single dose in both SC (Fig. 2) and IV (data not
shown) routes of immunization. BALB/c mice
were vaccinated with a SC dose of81ro-

. . N _ d ~—&— L, amazonensis
mastigotes, a dose, which conferred a higher d ::2 | | —ae 10 1 1 week)
gree of protection againét amazonensishal- T ™ —8— E10( - 3 weeks)
lenge. E10-5A3 promastigotes were inoculate ‘;g: —+— E10(- 3 and - 1 weeks)
three or one week or both three and one week bg- ~
fore challenge. At five to six weeks after infectiong *= |
double-immunized animals displayed lesions 65% 1'50
g 15 1
® 1.00 T
[=]
a 0.50 1
800 T . 0.00 ——
E W -—e— L. amazonensis 1 2 3 4 5 6 7 8 ° 10
£ 7.00 = E1°1°: Weeks post-infection
~ 6.00 T —&—E10 10
.8 1 |{—~—Et010° Fig. 2: BALB/C mice double-immunized with E10-5A3. Ani-
:’ 5.00 mals were vaccinated subcutaneously withstationary phase
O 4.00 A promastigotes of auxotrophieishmania majothree weeks
3 and again one week befdreamazonensigL(P) challenge in-
o 3orT fection. Each point represents the mean of measurements done
° .00 + in five animals £ SEM. The results shown are similar to an-
8 other experiment by IV immunization.
@ 1.00
(]
0.00 ¥ ]
1.2 3 4 8 68 7 8 9 101 C57BL/6 more closely resembles human CL
Weeks post-infection as they undergo clinical apparent cure after lesion
b development followind.. amazonensimfection.
8T Groups of C57BL/6 mice (n = 5) were vaccinated
E 700 1 |~® ’E-'1 :’;’:f”""s’s and challenged similarly to BALB/c mice. C57BL/
=600 1|0 E10 108 6 mice immunized subcutaneously witH FL0-
N . . .
® 500 1 |—a—E1010° 5A3 promastigotes showed consistently higher
§ 400 4 protection againdt. amazonensisfection com-
8 w00 + pared to BALB/c mice. Subcutaneously immu-
5 nized animals (Fig. 3a) displayed 50 to 65% pro-
% 200 tection compared to control unvaccinated mice
o 100 - (p<0.05). Intravenously immunized C57BL/6 mice

0.00 y ¢ + ¢ - showed protection ranging from 40 to 70% when
1 2 3 4 5 6 7 compared to control mice (p<0.05). Thef 19
Weeks post-infection dose of auxotrophic promastigotes conferred the

Fig. 1: E10-5A3 immunized BALB/c mice showed partial pro-Strongest protection of C57BL/6 mice agaihst
tection fromLeishmaniaamazonensighallenge infection. amazonensiinfection (Fig. 3b). In general, the
Animals were vaccinated by (a) subcutaneous (SC) or (b) intr@}egree of protection obtained in theke
venous (IV) injection of 14 1¢° or 1¢° stationary phase amazonensipartial resistant mice (Barral et al.

promastigotes of auxotropHic majorand one week later, were .
challenged with 10 (a) or 5x16 (b) stationary phase 1983) was comparable or better than those obtained

promastigotes of. amazonensis one hind footpad. Results Previously by homologous challenge withma-
represent the differences in lesion size of test animals contrasi@t (Titus et al. 1995). However, C57BL/6 mice
with size of the contralateral footpad that received only salingyere probably not sterilized and parasites did not

instead of immunogen agent. Each point represents the Medsre cleared at the site of infection. as immuniza-
of measurements done in five animals + SEM. The results shown !

are representative of four experiments for SC and seven expeiio With E10-5A3 induced a partial protection
ments for IV immunization. againstL. amazonensis
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&

ated by homologous gene targeting of the essen-
e~y —— tial DHFR-TS locus. Thesghfr-ts parasites are
350 T m E1010¢ auxotrophic for thymidine, and incapable of caus-
300 1| —e— E1010° ing disease in genetically susceptible mice (Titus
250 L& E1010° et al. 1995). It has been previously demonstrated
that vaccination with ahfr-ts auxotrophic sta-
tionary phase or metacyclic promastigotes but not
parasite lysate led to high levels of protection
against homologous viruletit major challenge
infection, in both susceptible and resistant strains
0.00 - v+ ofmice (Titus et al. 1995). Although challenge was
o 1 2 3 a4 5 s 7 8 3 10 1 performed one week after E10-5A3 infection, we
Weeks post-infection have demonstrated that the response was specific
400 -+ to parasites as lymphocytes proliferated only in
250 & [O—Lamaronensis response to mitogen or parasite stimuli and not to
—— E10 104 unrelated antigens (Titus et al. 1995). In this re-
—— E10 106 port we used the same vaccination protocol (Titus
250 T |—A—E10108 et al. 1995) and demonstrated that this auxotrophic
200 mutant is also able to confer protection in both
BALB/c or C57BL/6 mice against a heterologous
challenge with_. amazonensimfection.
In our experiments the direct comparison of pro-
tection by SC and IV routes is slightly complicated
—— —t +— as we used POL. amazonensigpromastigotes to
2 3 4 s 6 7 8 ¢ 10 challenge mice immunized by SC route instead of
Weeks post-infection 5 x1(P parasites to animals immunized intrave-
nously. Protection can be achieved through SC im-
protection fromLeishmaniaamazonensishallenge infection. mu'n|zat|0|"1, b.Ut the level of protection fo.und after
As in previous experiments, animals were vaccinated by (A)V 'mm,umzat'(_)n appears to be greater in thé 1(_)
subcutaneous (SC) or (b) intravenous (IV) injection ¢ 18~ Immunized animals. These results are encouraging
or 16 stationary phase promastigotes of auxotrophimajor ~ as there are relatively few reports that demonstrate
atn?_one Weﬁk later, Weret_Ch?”:_r‘E{hed witfl &) or 5X19h(_b)d protection againdteishmanianfection by SC vac-
stationar ase promastigotes_-olamazonensis one nin H : : H H
footpad. yRF()esuIts ?epresen% the differences in lesion size of te% ation. N.On_wabld" major or L. amazonensjs
animals contrasted with size of the contralateral footpad th¥N€n administered subcutaneously, showed no ef-
received only saline instead of immunogen agent. Each poif@cCt, although they were protective by the IV route
shows the mean of measurements done in five animals + SEI(/Howard et al. 1981, Barral et al. 1991)_ However,
The results shown are represen'gative qf two experiments f‘F@ivier et al. (1993) demonstrated that
SC and three experiments for IV immunization. radioattenuatetl. major induced a protective SC
immunization in resistant CBA mice against chal-
lenge infections by both homologous avirulent and
DISCUSSION heterplogou_s virqlent strains bbfmajor. Ideally, a
i vaccine againdteishmaniavould protect both sus-
Large scale human trials have demonstrated theéptible and resistant individuals, when administered
protective immunity can result from prior con-py'SC or IM (intramuscular) inoculation routes (in-
trolled induction of disease with a virulent paraxtead of IV or intraperitoneal routes).
site. These data suggested that infections with  An important consideration in vaccination is
Leishmaniaspecies that produce benign self-healprotection against challenge by heterologous
ing lesions can be linked to a solid protective imstrains or species of parasites. This is particularly
munity (Barral-Netto & Barral 1987, Modabberimportant in South America, where many differ-
1990, Grimaldi Jr 1995, Handman 1997). Howent strains and/or species of parasite occur close
ever, infection with virulent parasites in order tqggether. It is therefore encouraging that a reason-
induce immunity is not an acceptable practice anygp|e degree of protection agaihstamazonensis
more, and workers have turned to the use of afyas obtained in our studies by vaccination with
etal. 1995). . _trials cross-protection could be achieved between
In this report we have studied a geneticallpyarasites from Old and New Worlds (Alexander &
defined attenuatetl. major vaccine line, gener- phjllips 1978, Alexander & Blackwell 1983). Pos-
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Fig. 3: E10-5A3 immunized C57BL/6 mice displayed partial
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sibly, a stronger degree of protection would be surface proteinase gp@roc Nat Acad Sci USA 90
observed if alhfr-ts strain ofL. amazonensisad 11473-11477. _

been used as an immunogen. The degree of pféﬂlZ.{_A, BE\ze”eyl\lS'\t/' 19ggéci$gelr7€3|0|acement in para-
tection could also perhaps be enhanced by furthgr S'C protozoahature L7s.

genetic manipulations of this auxotrophic mutan r”éeﬁ‘é dcggﬁ;”rggféczf%’:;'teg’orsxeﬁﬁé r?u?lumitgt-s
or by the use of adjuvants (Afonso et al. 1994). 5\ 2r'Acad Sci USAS: 7170-7174.

Taken together our results indicate _that the use stsjeux P 1992. Human leishmaniasis: epidemiology
E10-5A3 or other attenuated parasites for protec-  and public health aspectorld Health Statis Quant
tion against New World leishmaniasis is promis- 45 267-275.

ing and deserves further study. Grimaldi Jr G 1995. Meeting on vaccine studies towards
the control of leishmaniasislem Inst Oswaldo Cruz
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