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INCREASED NATURAL KILLER ACTIVITY DOES NOT PREVENT PROGRESSION
OF EXPERIMENTAL KALA-AZAR

Alexandrina SARTORI(1), Ramon KANENO(1), Nelson BARUZZI(2) & Maria Terezinha Serrdo PERACOLI(1)

SUMMARY

Kala-azar is the visceral form of leishmaniasis and it is caused by intracellular parasites from the ceisipheania
donovani Golden hamsteMesocricetus auratysnfected withLeishmania donovardevelop a disease very similar to human Kala-
azar. There is conspicuous hipergammaglobulinaemia and their T cells do not respond to stimulation with parasite anggens. We u
this experimental model to evaluate the natural killer (NK) activity during the initial phase of the disease. Outbredihfatistedrs
by intravenous route with 5.9@mastigotes df. donovanilS showed a concurrent increase in the spleen weight and in the spleen
cell number. Using the single cell assay we detected a significant increase in the percentage of NK effector celldlay tdie 4
infection. Imprints from spleen and liver showed at days 14 and 28 a significant increase in the parasite burden. Tresawresults
that the increased NK activity in the beginning of the infection was not able to restrain the progression of the diseageeiintigntal
model.
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INTRODUCTION blood NK cells but impaired functional activity due to decreased binding
and lysis of target celis In addition, plasma from patients with
Kala-azar is the visceral form of leishmaniasis and it is caused bgonovaninfection was shown to reduce hevitro natural killer activity
the intracellular parasites from theishmania donovamiomplex. The  of normal human peripheral blood mononuclear &el@n the other
induction of Th1 effector cells capable of gamma IFN {fFAdtoduction hand NK cells from not-eishmaniaexposed individuals could respond
for activation of macrophages to a microbicidal state is necessary tim vitro by proliferation and IFiproduction td_. aethiopicastimulatiort.
eliminate these parasif@sThe development of Thl cells had been
initially associated with interleukin-12 (IL-12) in a murine model of In mice experimentally infected with. donovaniNK cells may
listeriosis®. More recently it was demonstrated that IL-12 is producedcontribute to parasite eliminati8nSince the Syrian hamster is a good
by macrophages in the early response to many other infectious agentapdel for the study of progressive visceral leishmaniasis caused by
particularly bacteria and protoZé#. This IL-12 induces production of donovanj we used these animals to further investigate the involvement
IFNy, first mainly by NK cells and then by T cells. This early responseof NK cells, by assessing their Iytic activity, during the initial phase of
is important for the activation of the phagocytic cell system as a first linghis infection.
of defense against infection, but the IL-12 produced in this early phase,
often acting in combination with the induced Nzl also required for

optimal generation of Thl celtsIn addition to IFN production, NK MATERIAL AND METHODS

cells also act as effector cells of the natural resistance by direct lysis of

the pathogen, as shown wiflryptococcus neoformafior by lysis of Animals: Female outbred hamstenslgsocricetus auratys8-12
infected cells as shown fbtycobacterium tuberculosisfected human  weeks old, were obtained from the Central Animal Facility at the S&o
monocyte¥. Paulo State University (UNESP), Botucatu, Sdo Paulo. Pelleted food

and water were availabéa libitum
Active visceral leishmaniasis is associated with immune dys-
regulation including very high levels of immunoglobulirsplenomegaly, Parasites: L. donovanil S, kindly donated by Dr. Dennis Dwyer
negative skin test fdreishmaniaantiger® and absence of proliferative (Laboratory of Parasitology, NIH, Bethesda, MD, USA) was maintained
response by peripheral blood mononuclear cells stimulated with parasit®yin vivopassage of the amastigotes from hamster to hamster. Amastigotes
antigen®. Indian kala-azar patients have normal numbers of peripheralvere obtained from infected spleens by differential centrifugation.
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Experimental infections: Twenty four hamsters were infected by (Figure 1a) were considered statistically significant on days 7, 14 and
intracardiac route with 5.2@mastigotes in 0.1 ml of phosphate-buffered 28 of infection (p < 0.05). On the 28ay of infection, last point to be
salt solution (PBS), pH 7.2. The same number of hamsters were kepvaluated, there was a striking difference, being the spleen from infected
non-infected to be used as controls. Groups of 4 infected and 4 nohamsters 3.8 times heavier than the correspondent controls.
infected animals were sacrificed at 1, 2, 4, 7, 14 and 28 days postino-
culation and their spleens were used to evaluate the following parameters: Quantitation of splenic cells -Spleens from normal and infected
spleen weight, number of splenic cells, NK cell activity and parasitehamsters were removed and cell suspensions prepared by teasing the
burden. Liver was also collected for parasite burden evaluation. material through a stainless steel sieve in RPMI medium. The total
number of cells was counted in a Neubauer chamber. Figure 1b clearly
Parasite burden: Parasite burden was determined by examining

Giemsa-stained impression smears from livers and spleens as previously a
described| and calculated according to the formula: 0.7+ I
Total LDU = number of amastigotes x organ weight (mg) x 2 . 20 064 = Normal
number of host-cell nuclei =T
= UInfected
Single cell cytotoxicity assayThe human erythroleukemia cell line — 0.5+
o

K562 was maintained as a suspension culture in medium RPMI 1640 =
(Gibco Laboratories, Grand Island, NY) supplemented with 2 mM L- _C_5> 0.4
glutamine, 40 ug/ml gentamicin and 10% heat-inactivated fetal calf serum L@
(complete medium). Cells were subcultured twice a week and at the day =
before the assay. Viability was assessed by trypan blue exclusion. K562 5 o 0.31
cells were previously tested and were highly susceptible to hamster ©
spleen-cell cytotoxicitf. (% 0.2+

Effector cells were prepared from spleen of normal and infected
hamsters. The spleens were asseptically removed and cell suspensions
prepared by teasing the material through a stainless-steel sieve in cold
RPMI 1640 medium. After to be washed twice in cold RPMI cells were 0 - —
adjusted to 3.1%ml and adherent cells were depleted by incubation on
plastic Petri dishes (n.3003, Falcon, Oxnard, California, USA)°& 37
for 60 min. Non-adherent spleen cells and K562 cells were used as
effector and target cells, respectively. The single-cell cytotoxicity assay
on poly-L-lysine (PLL) coated coverslips was performed as already b
described for the Syrian hamster

0.1+

o 350 1
The number of target/binding cells (TBC) and cytotoxic effector 8 300 4 I
cells were calculated as previously describegpontaneous target cell <

death was determined on lymphocyte-free control coverslips by scorlng\: 250 +
the fraction of dead (trypan blue stained) target cells in 300 cells. The @
percentage of lymphocytes bound to target cells was determined byE 200 +
counting 500 lymphocytes (%TBC). The fraction of conjugates =S
containing dead target cells was determined by scoring 100 conjugatesE 150 +
The fraction of target-cell binding lymphocytes that were cytotoxic (A) “©
was calculated as A=B-(BxC), where B is the fraction of conjugates © 100 +
containing dead target cells and C is the fraction of spontaneously dead—

target cells. The percentage of NK-effector cells present in the samplesw 50 +
was calculated as A x % TBC. f=1 I-tl_ .r‘r-l I:T‘I‘.I | | ‘ \ r
Do : : : : : '

Statistical analysis: Student’s t-test was performed to determine 1 2 4 7 14 28
the statistical significance of data.

Days of infection
RESULTS Fig 1. Spleen alterations during leishmanial infection. Spleen weight (a); splenic cell number

. . . . . (b). Control non infected hamstems)( infected hamsters). Values represent the mean +
Spleen weight alteration Hamsters infected with 5.18mastigotes  standard error of the mean for four animals. Differences in spleen weight and spleen cell

of L. donovanilS showed, from thé"®ay of infection on, increasing  number between infected and non-infected hamsters were significant (p < 0.05) on days 7,
spleen weight compared with non infected controls. The differences4 and 28 after infection.
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shows an increasing difference between the average number of cells 4000 +
from infected and normal hamsters. At thé 4Ad 28 days postinfection
these differences were very pronounced, being highly significant (p =6 3500 OLiver I
0.0013 and p = 0.01 respectively). The number of splenic cells at theS 3000 + O
28" day was 7.8 times higher compared with the control animals. X 2500 + Spleen

Evaluation of NK cell activity - Th [ ivi 2 2000

y e results of NK cell activity, )

evaluated by the single cell assay, are shown on Table 1. The percentagel 1500
of lymphocytes with the ability to bind NK-sensitive target cells did not & 1000 +
undergo any significant change during the infection. However the |9 500 - ’-'l'—‘
percentage of conjugates in which lymphocytes killed the target cells L
and the percentage of NK-effector cells in the non-adherent splenic 0 " =t f
population were significantly higher on thé& day of infection (p = 1 2 4 7 14 28

0.008). After the #day of infection the cells from infected animals kept

higher ability to form dead conjugates and higher NK-effector cells in

comparison with control animals. These differences were, nevertheless,

less expressive than the one observed at'tdayiof infection. Fig 2. Parasite burden during leishmanial infection. Giemsa-stained impression smears from
liver and spleen were microscopically assessed. Results represent the mean + standard errc
of the mean for four animals.

Days of infection

Table 1
Frequency of lymphocytes forming conjugates and NK-effector cells in the
spleen of hamsters experimentally infected Witldonovani

DISCUSSION
Days of Groups % of lymphocytes % of conjugates % of . -
infection forming with dead NK-effector NK cells are able to respond rapidly, non-specifically, to the
conjugates* targets# presence of infectious microorganisms. Together with phagocytes, NK
cells represent the first line of defense against infection. This defense
1 Control  9.16 (1.36) 19.95 (3.51) 1.80 (0.42) can take the form of direct lysis of the pathogen or involve lysis of infected
Infected 8.86 (0.58) 22.69 (5.44) 2.0 (0.57) cells. However, in many cases it is the production ofyleNd the
consequent IFM mediated macrophage microbicidal activity that is
2 Control  10.63 (1.46) 13.11 (2.01) 1.36 (0.07) probably of central importance in resistafice
Infected 12.55 (4.23)  17.70 (8.71)  2.05 (0.72) S _
In the present work we evaluated the NK activity in Syrian
4 Control  10.53(2.36) 17.93 (5.26) 1.76 (0.29) hamsters experimentally infected withdonovani This model seems
Infected  10.15 (1.57) 31.49 (3.89) 3.07 (0.45) to mimetize very well the progressive human visceral leishmaRiasis
7 Control  10.15 (1.55) 16.23 (2.45) 1.61 (0.08) Hamsters infected by i_ntracardiac route With 54dfastigotes _
of L. donovanilS showed an increased spleen weight compared with
Infected 11.33 (1.79)  21.58 (9.20)  2.42 (1.03) control non-infected animals. This alteration that begun on day 7
postinfection, became more pronounced in the course of the disease an
14 Control  9.52 (2.28) 17.56 (3.16) 1.60 (0:20) attained its maximum after 28 days of infection, the last period evaluated
Infected 9.38 (0.92) 26.10 (6.85) 2.46 (0.80) in this study. A very similar pattern was observed when the number of
splenic cells was counted in the course of the infection. Froni'tihey7
28 Control  11.29 (2.58) 16.98 (4.47) 1.79 (0.25)  on we detected an increasing number of cells that peaked on'the 28
Infected  9.18 (3.64) 26.81 (2.95)  2.48(1.10) day. This splenic hipertrophy is a classical description both in human

and experimental kala-a2and could be attributed to both monocyte
recruitmen®® and polyclonal activation of B cells due to parasite
(#)Calculated per 100 conjugates. Spontaneously dead targets were components However, this impressive increase in the splenic cell number
always below 2%.Values represent the mean for four animals. In through the infection was not associated to any alteration on the ability
parentheses is shown the standard deviation. of splenic lymphocytes to recognize and bind NK-sensitive cells. As the
single cell assay used in this study evaluates the percentage of non-
adherent cells that bind to NK-sensitive cells, this finding could suggest
Splenic and hepatic parasite burden To establish the extension that NK cells increased in number in a proportional way to the increase
of the parasitism in the liver and in the spleen, imprints from these orgaref the other non-adherent cells in the spleen. However, the percentage o
were microscopically assessed. Figure 2 shows the parasite burdendanjugates in which lymphocytes had killed cells and the percentage of
the spleen and liver. After 1 day of infection only 1% (0.052 % 10 NK-effector cells in the infected animals were significantly higher after
parasites) of the total inoculum was retained by the spleen in comparis@® h of infection. These results show an activation of NK cells in the
with 76% (3.8 x 10@parasites) retained by the liver. The number of beginning of the infection. Althought our work had not evaluated the
parasites in both organs highly increased only after 14 days of infectiorwause of this activation, the cytokine IL-12 would be a good candidate

(*)Calculated per 500 lymphocytes;
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