










Omission of serum (primary antibody) in this experiment re-
sulted in no visible band in the immunoblot, confirming the ab-
sence of any nonspecific reaction in this assay (Fig. 5c, “No se-
rum”).

DISCUSSION

Our data show that there are no proliferative responses against the
recombinant LCR1 protein by PBMCs of VL-immune individu-
als. Lack of proliferative responses in individuals who recovered
from VL were not due to improper concentrations of LCR1 in cell

cultures, because a wide range of LCR1 concentrations, from 5
to 40 �g/ml, did not result in any LCR1-specific proliferation
(IS, �1.41). These findings show that there are no proliferative
memory immune responses against LCR1 in VL-immune individ-
uals, or at least such memory is not sufficiently high that it could
be detected in our assay setting.

The higher SI against LCR1 in naive individuals was quite un-
expected, and the reason for such responses cannot be determined
without further study. However, these responses may originate
from cross-reactivity between LCR1 and other antigens encoun-

FIG 5 Patient sera recognize recombinant LCR1 protein. (a) Identities of proteins were verified by SDS-PAGE and immunoblotting. A single band (	40 kDa)
corresponding to LCR1, and several bands corresponding to SLA were detected in both SDS-PAGE (SDS) and immunoblotting analysis (IB). A single band (	90
kDa) corresponding to BSA was observed in SDS-PAGE, while no such band was observed in immunoblotting analysis, showing the specificities of reactions of
VL patient sera to Leishmania antigens (LCR1 and SLA). (b) Pooled sera from six patients with a recent history of VL (Positive serum) reacted with both LCR1
and SLA, while a normal healthy control serum sample (Negative serum) reacted with none of them. Both VL and normal healthy control sera recognize bacterial
lysate lacking the lcr1 insert (Neg), showing the presence of anti-E. coli antibodies in patients as well as normal healthy individuals. Data shown for “Negative
serum” are the results of one representative serum out of three negative healthy control sera with identical results. (c) Each patient’s serum (1 through 6) show
the reactivity against recombinant LCR1 and SLA (as a positive control). When no serum was applied on one immunoblot (No serum), it resulted in no visible
band on the immunoblot, confirming the absence of a nonspecific reaction in the immunoblot. Abbreviations: SLA, soluble Leishmania antigens; LCR,
recombinant protein of LCR1; BSA, bovine serum albumin; Mw, molecular weight in thousands; Neg, E. coli bacteria containing uninserted plasmids; IB,
immunoblotting; SDS, sodium dodecyl sulfate-polyacrylamide gel electrophoresis.
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tered by naive individuals throughout their lives. Alternatively,
these responses may be artifacts of the assay due to the possible
residual endotoxin (lipopolysaccharide) remaining in the recom-
binant LCR1 protein. It is noteworthy that we had sufficiently
depleted the endotoxin in the recombinant LCR1. The LCR1 used
in our assays had less than 0.1 endotoxin IU/ml (12), which can-
not induce such in vitro immune responses.

No significant increases of IFN-� or IL-10 production in re-
sponse to LCR1 were observed in PBMC cultures of VL-immune
individuals. At the same time, all VL-immune individuals pro-
duced high levels of IFN-� in response to SLA, showing the pres-
ence of memory immune responses to Leishmania antigens. These
results show that there is no IFN-�-producing memory response
against LCR1 in Iranian VL-recovered individuals. These data
show that LCR1 may not have the capability of inducing an IFN-
�-protective immune response in Iranian individuals.

An interesting finding of our data is the presence of baseline
immune responses in individuals who did not need any in vitro
stimulation. These baseline responses were detected by lympho-
cyte proliferation in the absence of any in vitro stimulation and
were confirmed by detection of IFN-� and IL-10. It is important to
consider that these individuals had recovered from clinical VL
long before sample collection for the current study (more than 2
years on average). This means that the immune responses against
the parasite have lasted for a long time even after clinical recovery
from VL. This reactivity may be due to the presence of an ongoing
response against Leishmania regardless of clinical recovery from
VL. The long-lasting immune memory against Leishmania para-
sites is a well-accepted phenomenon in Leishmania infections.
However, as far as we know, the presence of a long-lasting im-
mune response (and not immune memory) after clinical recovery
from VL has not been reported and our findings are novel. This
finding may underscore the need for extended medical surveil-
lance for VL-recovered individuals. A weakness of our study was
the difference between the average ages of patients and healthy
controls. This was due to the difficulty in recruiting children
(through their parents’ consent) who agreed to enter our study
voluntarily. Our conclusion regarding presence of an ongoing im-
mune response in VL-recovered individuals is based on the com-
parison of VL-recovered individuals with healthy controls who
were not age matched. Does this mismatch invalidate our conclu-
sion? It seems that our conclusion may be valid because it is based
on the comparison of baseline immune responses (unstimulated
PBMCs), and all of the previous studies considering the effect of
age on immune response showed that the proliferative responses
of unstimulated PBMCs are not significantly affected by the age of
donors, although PHA-stimulated proliferation declines with in-
creasing age (16–19).

Antibody responses against LCR1 were present in all six of the
VL patients in the present study, while no antibody responses were
detectable in a control individual. Our findings regarding the
presence of antibody responses against LCR1 in VL patients are in
accordance with those of another reported study (11). These find-
ings show the potential of LCR1 as a diagnostic molecule for VL.
More studies are needed for assessment of the diagnostic utilities
of this antigen for VL.

In summary, our findings show that LCR1 may have utilities
for diagnosis of VL, while the applications of this molecule for
vaccine purposes are not supported. Our findings also show that
there are long-lasting immune responses in VL-recovered individ-

uals that continue years after clinical recovery. These long-lasting
responses may show the necessity of extended medical surveil-
lance of VL-recovered individuals.
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