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Post Challenging Serum Cytokine Profile (Th1 & Th2) in the Vaccinated
Mice (Balb/C) With a New Formulation of Leishmania major Antigen

Leishmania major Antijeninin Yeni Bir Formiilasyonu ile Asilanmig Farelerde (Balb/C)

Antijen ile Karsilasma Sonrast Serum Sitokin Profili (Th1 ve Th2)

Afshineh Latifynia’, Ali Khamisipour?, Mohammad Javad Gharagozlou3, Said Bokaie?,
Mohammad Vodjgani’, Zahra Gheflati', Marzieh Mosavi®, Nematollah Khansari’

'Department of Immununology, Faculty of Medicine, Tehran University of Medical Sciences, Tehran, Islamic Republic of Iran
?Department of Leprosy and Dermal Disease Center, Tehran University of Medical Sciences, Tehran, Islamic Republic of Iran
3Department of Pathobiology, Veterinary Medicine, University of Tehran, Islamic Republic of Iran

“Department of Epidemiology, Veterinary Medicine, University of Tehran, Islamic Republic of Iran

SFaculty of Medicine, Tehran University of Medical Sciences, Tehran, Islamic Republic of Iran

ABSTRACT

Objective: The aim of this study was to carry out experiments further to our previous new formulation to modify the Leishmania major
antigen that had satisfactory results previously.

Methods: In this study we made a preliminary, new vaccine with the same methodology and selected two injection doses (100&200 pg/o.1 mL),
three injection Groups: Leishmania plus BCG (LB), Leishmania plus new adjuvant (Teucrium Polium) [LT], Leishmania plus BCG and Teucrium
Polium (LBT), and one susceptible mouse Group (Balb/c) and measure two types of cytokines: Th1 (IFN-y, IL-12) and Th2 (IL-4, IL-10) We
prepared crude antigen combinations by five different methods using antigens from L. major parasites. Phase | was done in the animal
model. In our study, Leishmania antigen was examined both with BCG and the new adjuvant (TP) in three Groups in two injection doses
(100.200 pg/1 mL) and Balb/c mice.

Results: Our results showed that in three injection Groups (LB, LT and LBT) that received each or both BCG and TP as adjutant with injection
doses of 100 and 200 pg/1 mL with two booster doses: the LBT Group had the lowest IFNy and highest IL-12 value, LT and LB Groups have
equal IL-12, but LB have more IFNy and IL-10 but less than IL-4 in the LT Group.

Conclusion: In this study, the LBT Group has statistical differences regarding IL-12 and IL-10 from the other Groups.

(Turkiye Parazitol Derg 2013; 37: 233-40)
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OZET

Amag: Bu calismanin amaci, daha énce tatmin edici sonuglar vermis olan Leishmania major antijenini modifiye etmek igin énceki yeni
formilasyonumuzu daha fazla deney yaparak ileri tagimaktir.

Yéntemler: Bu calismada ayni metodoloji ile dncil yeni bir asi yaptik ve sunlan sectik; iki enjeksiyon dozu (100 ve 200 pg/o.1 mL), G¢
enjeksiyon grubu: Leishmania arti BCG (LB), Leishmania arti yeni adjuvan (Teucrium polium) (LT), Leishmania arti BCG ve Teucrium polium
(LBT) ve bir duyarli bir fare grubu (Balb/c) ve iki tip sitokin dl¢cimi: Th1 (IFN-y, IL-12) ve Th2 (IL-4, IL-10). L. major parazitlerinin antijenlerini
kullanarak bes farkli metotla ham antijen kombinasyonlar hazirladik. Hayvan modelinde Faz | yapildi. Calismamizda Leishmania antijeni;
hem BCG hem de yeni adjuvan (TP) ile li¢ grupta, iki enjeksiyon dozunda (100, 200 pg/1 mL) ve Balb/c farelerinde incelendi.
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Bulgular: Sonuclanmiz gésterdi ki, iki gliclendirici dozda 100 ve 200 ug/1 mL enjeksiyon dozlari ile adjuvan olarak BCG ve TP'nin birini veya
ikisini alan Gg enjeksiyon grubunda (LB, LT ve LBT): LBT grubu en duslk IFNy ve en ylksek IL-12 degerine sahipti, LT ve LB gruplar ayni IL-12
dlzeyine sahipti, ancak LB, LT grubundan daha ¢ok IFNy ve IL-10, daha az IL-4’e sahipti.

Sonug: Bu calismada, LBT grubu IL-12 ve IL-10 agisindan diger gruplardan istatistiksel farklliklara sahiptir.

(Turkiye Parazitol Derg 2013; 37: 233-40)
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INTRODUCTION

Leishmania is caused by the protozoan parasites Leishmania
species that are transmitted by the bite of phlebotomia sand
flies. In vertebrate hosts, Leishmania survive and multiply as
non-motile amastigotes, primarily in macrophages. The genus
Leishmania comprises 30 species, of which about 20 are patho-
genic for humans (1). For most species, humans are accidental
hosts since Leishmania is primarily a zoonotic disease or has
recent zoonotic forms of disease in areas not considered previ-
ously to be endemic (2). Up to now, successful vaccination
strategy against Leishmaniasis has been limited to cutaneous
Leishmania with small doses of living virulent L. major promas-
tigotes as a selected site (3). Although mouse models have
been used for the study of both cutaneous and visceral
Leishmaniasis, they more closely reflect the human cutaneous
Leishmaniasis than visceral disease. Up to now, several vaccine
formulations that demonstrated efficiency in the mouse mod-
els, were not protective in primates (4, 5).This underscores the
need for new methods to assess the immune response of ani-
mals to vaccination that can better predict the response to
virulent organism challenge in primates and humans. New
methods would be useful for the detection of parasites as well
as assessment of pathology. Effective diagnosis of the progres-
sion of infection with a candidate vaccine will require assess-
ment of the genetic stability of the agent. Results obtained
from the mouse model, although practical and informative,
must be further confirmed in a primate model that more closely
predicts pathogenesis and immunogenesis in humans (6). A
constraint of this proposed unorthodox alternative is that it
relies preliminarily on the unique Th1/Th2 paradigm of the
mouse model of Leishmaniasis. In other words, offsetting the
parasite’s Th2 strategies instead of fostering the Th1 response
that is elicited during infection can be an efficient alternative in
vaccine development against Leishmaniasis (7).

To date, two host systems have been classified for studying
Leishmania infection on the basis of susceptibility and resistance
of the host. This observation extends to the murine L. major
model, where the strain of inbred mouse determines the out-
come of infection, C57BL/6 mice being uniformly resistant and
BALB/c consistently susceptible (8). Dendritic cells (DCs) are
potent antigen presenting cells and can induce T cell activation
efficiently (9). It has been also shown that DCs are the source of
different cytokines such as IL-12, IL-10, and IFN-y (10-12).
Incubation of Leishmania promastigotes with dendritic cells
induced early IL-12 production in vitro, which might have origi-
nated from the pre existing pool of IL-12 p70 which was secreted
soon after ligation of any microbial product (13), suggesting the
role of DCs in the initiation of T cell immune response in
Leishmaniainfection. Itis also reported that uptake of Leishmania

amastigotes by skin derived DCs induce IL-12 p70, upregulates
costimulatory molecules and vaccinates against Leishmania
major infection. In marked contrast, L. major inhibits IL-12 pro-
duction in macrophages (14, 15).

IL-10 appears to constitute a major regulatory control in the
outcome of infection. Failure to produce IL-12 has similarly been
associated with the active form of the disease (16).

T cell-cloning strategy can be easily adapted for the detection of
IL-10-inducing antigens.The protection induced by LPG2- para-
sites is basically not associated with enhanced IFN-y production
in response to Leishmania antigens, but clearly with a dramatic
suppression of IL-4 and IL-10 responses to the same antigens. As
already mentioned, recent evidence suggests that Leishmania
antigens stimulate T regulating cells (CD4+CD25+), thus impair-
ing the activation of the effecter CD4+CD25-t cells (7). It is well
documented that Th1 immune response is the key event in pre-
venting Leishmania infection. Activated Th1 cells induce IFN-y
that in turn activates the macrophages which kill the parasites.
C57BL/6 mice mount an early Th1 immune response and prevent
the further growth of the parasite causing a self-healing pheno-
type (17, 18). In contrast, the susceptible BALB/c strain mounts
early Th2 response and this results in a nonhealing lesion and
exaggeration of the disease (17, 19, 20). Our previous findings on
the same new formulation antigen in two Groups of mice: (sus-
ceptible/Balb/c) and (resistance/conventional), have shown that it
produced positive DTH (21), increasing in white pulp size (22),
which had significant differences and correlation that depended
on doses, mice Groups, and injection Groups (23). Neutralization
of IL-12 during infection make resistant mice susceptible to
Leishmania infection (24). Another report suggested that recon-
stitution of IL-12 P40-/- mice with exogenous IL-12 initiates the
Th1 response and protects the mice (25).These observations
suggested the critical and decisive role of endogenous IL-12 in
Leishmaniasis (26). The capacity of exogenous IL-12 to heal
infected Balb/c mice correlated with the powerful effect of IL-12
in suppressing IL-4 transcription and protein production (27). Itis
now known that IL-10 plays a role in disease progression, but
whether with IL-4 or prior to the IL-4 phase is not known (28).
These findings explain our previous suggestion about cytokine
patterns which increase Th1 cytokines amounts such as IL-12 and
IFN- vy, cause high positive DTH response, and conversly, Th2
cytokines like IL-4, IL-10 level enhancement in low DTH response
to cutaneous Leishmania disease (21). Moreover, IL-4 and IL-10
act together in the presence of exacerbated antigens (29).
Hence, it would appear that IL-10 may be the most appropriate
cytokine to serve as an indicator of failure or success of vaccina-
tion. Another essential requirement seems to be IL-12 which is a
critical cytokine in the initiation and maintenance of immunity, as
well as a very effective adjuvant (30). When L. major causes a
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single cutaneous lesion, or undergoes spontaneous cure, the
subject is resistant and probably infection is inhibited in macro-
phages via innate immunity and production of interferon gamma
and IL,,by a Th, response that leads to parasite killing, and prob-
ably in any future challenge, the subject is immune (26). The
effect of BCG on the course of established murine Leishmaniasis
was examined previously. Although to date there is no vaccine
against Leishmania, several of the vaccine preparations are in
advanced stages of clinical testing. Many different methods of
vaccine preparation plus or without adjutant were used. We pre-
pared crude antigen combinations by five different methods
using antigens from L. major parasites. Phase 1 was carried out
in an animal model. In our study, the Leishmania antigen was
examined both with BCG and new adjuvant (T.P) in three injec-
tion Groups (LB, LT and LBT) and two injection doses (100, 200
pg/1 mL) and Balb/c mice. In these injected Groups Th1 (IFNy,
IL-12) and Th2 cytokines (IL-4, IL-10) were measured. Our results
showed that in the three injection Groups (LB, LT and LBT) that
received either or both BCG and TP as adjutant with injection
doses 100, 200 pg/1 mL with two booster doses, the LBT Group
has lowest the IFNy and highest IL-12 value, LT and LB Groups
have equal IL-12, but LB have more IFNy and IL-10 but less than
IL-4 in the LT Group.

METHODS

This study was done in compliance with the Helsinki Declaration,
and the protocol was approved by the Research Deputy of
Tehran University of Medical Sciences, Tehran, Iran. For detail
procedures please refer to Latiynia, et al (21-23). In brief Balb/c
mice (n=120) were obtained at three months old.

Culture and Isolation of Leishmania Parasites:

Leishmania parasites and antigens from promastigotes of
L. major (WHO) strain were kindly provided by the Tehran
University of Medical Sciences and were grown in NNN medium
(14 gr bactopeptone, 6 gr Nacl, Rabbit blood 300 mL and up to
1200mL H,0,) and the second step were grown in RPMI 1640
culture, both FCS5% and 10%. Harvested parasites were washed
three times with normal saline solution (0.9%) or phosphate buf-
fer saline (PBS). The parasite were counted in a neubar chamber
and then kept at -700c until use. After parasite accumulation in
one flask, it was diluted to a concentration of 5.92. 10"°.

Vaccine Preparation

Each vaccine was then certified according to 100 or 200 ug/0.1
mL Leishmania protein per one dose. The content of protein in
each dose was estimated by the Lowry method (31). The vac-
cine was stored at 40C until use. Just before injection BCG
Vaccine "SSI” (Mycobacterium bovis, Bacillus Calmette Gurine,
BCG Strain, Pasteur Institute of Iran Frozen - dried BCG
Vaccine Pasteur France. 1173 P2 Secondary seed lot C. batch
No.179.Feb.1995) was suspended in a diluted solution of SSI
solvent (125mg Mg SO,,125 mg K2PO,, 1 mg Laspargine, H,0,
12.5 mg iron ammonium citrate, 18.4 mg 85% glycerol, 0.5 mg
citric acid, H2o 1 mL for injection/manufacturer’s insert) and the
amount of BCG for each injection was 2x102-3unit/0.1 mL of
injection dose and 400 mg teucrium polium (32) dissolved in
1 mL distilled water and 2.5 mg/0.1 mL used for each injection
dosage solution (100, 200 pg/mL).

We have three injection groups: 1-LT (Leishmania plus teucrium
as adjuvant), 2-LB (Leishmania plus BCG as adjuvant) and 3-LBT
(Leishmania plus BCG and plus Teucrium): and each other
received two injection doses (100, 200) pg/1 mL protein, of
Leishmania antigen and received the first booster dose after one
week and the second booster dose after two weeks. Leishmania
parasites and antigens from promastigotes of L. major (WHO)
strain) were kindly provided by the Tehran University of Medical
Sciences and were grown in an NNN medium (14 gr bactopep-
tone, 6 gr Nacl, Rabbit blood 300 mL and up to 1200 mL H,0,)
and the second step were grown in RPMI 1640 culture, both
FCS5% and 10%. Harvested parasites were washed three times
with normal saline solution (0.9%) or phosphate buffer saline
(PBS). The parasites were counted in a neubar chamber and then
kept at -700c until use. After parasite accumulation in one flask,
it was diluted to a concentration of 5.92x10%. After parasite
dilution, it was divided to 5 batches those each other used one
procedure contains: freeze and thaw, autoclave, or 56°C, and at
least antigen were processing (21-23).Then, each vaccine was
certified according to 100 or 200 pg/0.1 mL Leishmania protein
per dose. The content of protein in each dose was estimated by
the Lowry method (31). The vaccine was stored at 40 C until use.
Just before injection, BCG Vaccine “SSI” (Mycobacterium bovis,
Bacillus Calmette Gurine, BCG Strain, Pasteur Institute of Iran
Frozen-dried BCG Vaccine Pasteur France. 1173 P2 secondary
seed lot C. batch No.179.Feb.1995) was suspended in a diluted
solution of SSI solvent (125 mg Mg SO,, 125 mg K,PO 4,1 mg
Laspargine, H,O, 12.5 mg iron ammonium citrate, 18.4 mg 85%
glycerol, 0.5 mg citric acid, H,O 1 mL for injection/manufacturer’s
insert) and the amount of BCG for each injection was 2x1023
unit/0.1 mL of injection dose and 400 mg teucrium polium (32)
dissolved in 1 mL distilled water and 2.5 mg/0.1 mL of used for
each injection dosage solution (100, 200 pg/mL). After increasing
two adjutants to Leishmania antigen solutions mentioned previ-
ously, two injection doses (100, 200 pg/mL) were prepared.

Vaccine Injection

All doses were injected intra dermally into the tails in susceptible
Balb/c mice both male and female in three injection groups: LT
[Leishmania antigen doses (100, 200 ug/0.1 mL) accompanied
byteucrium polium as adjuvant], LB [Leishmania antigen doses
(100, 200 pg/0.1 mL) accompanied by BCG and teucrium polium
as adjuvant], LBT [Leishmania antigen doses (100, 200 pg/mL)
accompanied by BCG and teucrium polium as adjuvant]. After
the first injection we have two booster doses with an interval of
one week. Twenty days after the third Leishmania injection or
second booster dose, the mouse was challenged with 300000
live L. major. The protective response was evaluated by the chal-
lenge effects which were observed almost daily for 70 days in all
mice. Evaluation included: inducing lesion, and survival and
another critical signals. After this time the live mice were eutha-
nized, and their serum used for cytokine levels and their level
estimated with measurement of cytokine production by Enzyme
Linked Immunosorbent Assay (ELISA).

Levels of IL-4, IL-10, IL-12, and IFN-y in the three injection
groups and normal group were determined by sandwich
ELISA, according to the recommendations of the manufac-
turer. Mice serum levels of IL-4, IL-10, IL-12 and IFN-y in the
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subjects measured by ELISA, using an automated micro plate
reader, set at 405 nm. The sensitivity limit was 20 pg/mL for
IL-4, IL-10, and IFN-y.

RESULTS

Th1, Th2 Cytokine Profile to Induce Protective Immunity

In the first set of experiments, we compared the immune
response induced by a new formulation of Leishmania major
antigen which was injected in three injection groups: LT, LBand
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Figure 1. Mean of IL-12 level for three injection groups: LT, LB, LBT
and normal group in serum of BalB./c mice. After challenge with

live Leishmania major
LB: Leishmania plus BCG; LT: Leishmania plus new adjuvant (Teucrium Polium);
LBT: Leishmania plus BCG and Teucrium Polium

LBT that each received two injection doses of antigen (100,
200) pg/0.1 mL protein, andreceived two booster doses. With
consideration to Th1 (IFNy, IL-12) and Th2 (IL-10, IL-4) cytokine
was determined as the following levels:

IL-12: Highest 11-12 (2305.5 pg/mL) related to the LBT group and
lowest IL-12 (1032and 1037pg/mL) was related to the LT and LB
groups which have almost equal levels, but they are lower than the
normal level (Figure 1). IL-12 and also IL-12 was higher in female
(2091 pg/mL) than male mice (611.08 pg/mL). Correlation was sig-
nificant at the 0.05 level with two tailed analysis (p<0.005) (Table 1).
Correlation between three injections and normal groups, consider-
ing IL-12 and Multiple Comparisons of IL-12 with Tukey Honestly
Significant Difference Tukey (HSD) and 95% Confidence Interval

Table 1. Correlation between IL-10 and IL-12 doses of 100 and
200 pg/0.1 mL combined. Pearson Correlation with 2 - tailed test
show that IL-2 and IL-10 are inversely relatedand when IL-12 is
increased II-10 is decreased. Correlation is significant at the 0.05
level (2-tailed)

Correlations
IL12 Levels | IL10 Levels
IL12 Levels | Pearson Correlation 1 -.342*
Sig. (2-tailed) 041
N 36 36
IL10 Levels | Pearson Correlation -.342* 1
Sig. (2-tailed) 041
N 36 36
*Correlation is significant at the 0.05 level (2-tailed)

Table 2. Correlation between three injection and normal groups, considering IL-12 and Multiple Comparisons of I1L-12 with Tukey
HSD and 95% Confidence Interval show that the mean difference is significant at the 0.05 level

Multiple Comparisons
IL12 Levels Tukey HSD
95% Confidence Interval
() Groups (J) Groups | Mean Difference (I-J) Std. Error Sig. Lower Bound Upper Bound
LT LB 2.669 463.753 1.000 -1253.81 1259.14
LBT -1617.481* 495.436 .013 -2959.80 -275.17
Normal -988.631 580.195 .338 -2560.59 583.33
LB LT -2.669 463.753 1.000 -1259.14 1253.81
LBT -1620.150* 522.981 .020 -3037.09 -203.21
Normal -991.300 603.886 371 -2627.45 644.85
LBT LT 1617.481* 495.436 013 275.17 2959.80
LB 1620.150* 522.981 .020 203.21 3037.09
Normal 628.850 628.545 .750 -1074.10 2331.80
Normal LT 988.631 580.195 .338 -583.33 2560.59
LB 991.300 603.886 371 -644.85 2627 .45
LBT -628.850 628.545 .750 -2331.80 1074.10
*The mean difference is significant at the 0.05 level
LB: Leishmania plus BCG; LT: Leishmania plus new adjuvant (Teucrium Polium); LBT: Leishmania plus BCG and Teucrium Polium; HSD: honestly significant difference
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Table 3. Correlation between injection groups and Th1 cytokines (IL-12, IFN-y) and Th2 cytokines (IL-4, IL-10) Doses 100 and 200 ug/0.1 mL

combined
ANOVA
Sum of Squares df Mean Square F Sig.
Gamma IFN Levels Between Groups 98.548 3 32.849 .812 497
Within Groups 1295.035 32 40.470
Total 1393.583 35
IL4 Levels Between Groups 487.502 3 162.501 1.207 323
Within Groups 4308.083 32 134.628
Total 4795.586 35
IL10 Levels Between Groups 263.395 3 87.798 1.553 .220
Within Groups 1809.174 32 56.537
Total 2072.569 35
IL12 Levels Between Groups 1.696E7 3 5653365.438 4.651 .008
Within Groups 3.890E7 32 1215595.185
Total 5.586E7 35
ANOVA test shows that means square of IL-12 between groups and compared to other Th1, Th2 cytokines is significant.
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Figure 2. Mean of IL-10 level for three injection groups: LT, LB, LBT
and normal group in serum of BalB./c mice. After challenge with
live Leishmania major

LB: Leishmania plus BCG; LT: Leishmania plus new adjuvant (Teucrium Polium);
LBT: Leishmania plus BCG and teucrium polium

show that the mean difference is significant at the 0.05 level.
(p<0.005) (Table 2). Correlation between injection groups and Th1
cytokines (IL-12, IFN-y) and Th2 cytokines (IL-4, IL-10) doses of 100
and 200 pg/0.1 mL combined. The ANOVA test shows that means
square of IL-12 between groups and compared to other Th1, Th2
cytokines is significant. (p<0.005) (Table 3). Pearson Correlation
with the 2 - tailed test shows that IL-2 and IL-10 are inversely related
and when IL-12 is increased II-10 decreased and also decrease of
IL-12 occurs with increasing of IL-10.

IL-10: Highest IL-10 (27.2 pg/mL) was related to LB and lowest
concentration related to LBT group (19.39 pg/mL).This is almost
equal to the normal group’s level, but the LT group’s level is

Figure 3. Mean of IL-4 level for three injection groups: LT, LB, LBT
and normal group in serum of BalB./c mice. After challenge with
live Leishmania major

LB: Leishmania plus BCG; LT: Leishmania plus new adjuvant (Teucrium Polium);
LBT: Leishmania plus BCG and teucrium polium

higher than the LBT group and also lower than the LB group
(Figure 2). IL-10 in male (25.27 pg/mL) is higher than female mice
(23.67 pg/mL). Correlation between IL-10 and IL-12 doses 100
and 200 pg/0.1 mL combined. Pearson Correlation with the
2-tailed test shows that IL-2 and IL-are inversely related and
when IL-10 is increased, 11-12 decreased but decline of IL-10 is
accompanied byincrease of IL-12. Correlation is significant at the
0.05 level with 2-tailed analysis (p<0.005) (Table 1).

IL-4: Highest IL-4 (25.52 pg/mL) related to the LT and lowest IL-4
((17.52 pg/ml) related to the LBT and LB groups. These two
groups not only are equal, but also equal to the normal group.
(Figure 3). IL-4 in male (23.99 pg/mL) is higher than female mice
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Figure 4. Mean of IFN-y level for three injection groups: LT, LB,
LBT and normal group in serum of BalB./c mice. After challenge
with live Leishmania major

LB: Leishmania plus BCG; LT: Leishmania plus new adjuvant (Teucrium Polium);
LBT: Leishmania plus BCG and teucrium polium

(21.7 pg/mL). IL-4 is not significant at the 0.05 level (2-tailed)
(Table 1). Correlation between injection groups and Th1 cytok-
ines (IL-12, IFN-y) and Th2 cytokines (IL-4, IL-10) doses of 100 and
200 pg/0.1 mL combined. ANOVA test show that means square
of IL-4 between groups and compared to the other Th1, Th2
cytokines is not significant (Table 3).

IFNy in the LB group has the highest level (35.4 pigogram/mL) )
(27.2 pg/mL) related to the LT and lowest concentration related
to the LBT group (19.39 pg/mL) (Figure 4). IFNy is higher in male
(32 pg/mL) than female mice (26.23 pg/mL). IFN- y is not signifi-
cant at the 0.05 level (2-tailed) (Table 1). Correlation between
injection groups and Th1 cytokines (IL-12, IFN-y) and Th2 cytok-
ines (IL-4, IL-10) doses of 100 and 200 pg/0.1 mL combined.
Correlation between three injection and normal groups’, consid-
ering IL-12 and Multiple Comparisons of IL-12 with Tukey HSD
and 95% Confidence Interval, show that the mean difference is
significant at the 0.05 level (Table 2). ANOVA test show that
means square of IFNy between groups and compared to the
other Th1, Th2 cytokines is not significant (Table 3).

The Effect of Three Injection Groups: (LB, LT and LBT) on
New Formulation of Leishmania Major Antigen.

LBT Group: has the lowest IFNy, IL-10, IL-4 and highest IL-12.
IL-12 in LBT group post challenge (Table 2).

LT Group: has the highest IL-4, almost equal IL-12 with LB group,
but IFNy and IL-10 is lower than the LB group. Correlation
between three injection and normal groups’, considering IL-12
and Multiple Comparisons of IL-12 with Tukey HSD and 95%
Confidence Intervalshows that the mean difference is not signifi-
cant at the 0.05 level (Table 2).

LB Group: has the highest IL-10 and IFN y, but IL-12 is almost
equal to the LT group and IL- 4 is more than the LBT but less than
the LT Groups. Correlation between three injection and normal
groups’, considering IL-12 and Multiple Comparisons of IL-12

with Tukey HSD and 95% Confidence Interval shows that the
mean difference is not significant at the 0.05 level (Table 2).

In this present study, there was a significant difference between
the sexes in mice regarding their survival after 70 days. Almost
all of the female mice (19 subjects) were living and killed after
that time, while only 13 male mice died after this time and others
had not survived. Notice thatwe found (IFN-y IL-10, IL-4) increased
not only in female mice but also higher than all normal mice but,
more important is that another Th1 cytokine (IL-12) in male mice
is very low, but in females it is very high. For statistical analysis
both doses, 100&200 pg/mL were considered as one injection
dose.

DISCUSSION

Cytokines play an important role in the cutaneous form of
Leishmania disease. Its results in formation of skin ulcers at the
site of the face, neck, arms and legs. The pathology of
Leishmania infection is determined not only by the parasite spe-
cies, but also by host genetics and immune factors. Most of the
experimental immunological data come from mouse models
and less is known about the immunology of human Leishmaniasis.
In the case of cutaneous Leishmaniasis, effective protection
against infection has been largely attributed to the development
of a potent CD4+Th1 type immune response, characterized by
the production of IL-12 and IFN-y, which subsequently mediates
macrophage activation, nitric oxide production and parasite
killing. With regard to this, we decided to study three injection
groups (LB, LT, LBT) that received a new formulation of Leishmania
major antigen and both Teucrium and BCG as adjuvant together
or alone. All three groups used two injection doses (100, 200)
pg/0.1 mL of antigen protein.

This study IL-10 had significant differences with other cytokines
and had the lowest level in the LBT injection group, while LT and
LB injection groups had similar levels of IL-12 which were higher
than the LBT group. In contrast, IL-12, which also had significant
differences with other cytokines, had the highest level in the LBT
group, but LB and LT groups had similar levels for IL-12 and were
lower than the LBT group (Table 1, 2). This finding, confirmed by
previous studies suggested that IL-10 and IL-12 have inverse
roles in the progress of disease.

Susceptible BALB/c strain mouse produce early Th2 response
which results in a non healing lesion and exaggeration of disease
(17,19, 20). In our previous findings on the same new formulation
antigen in two groups of mice: Balb/c and (resistance/conven-
tional), produced positive DTH (21), increasing in white pulp size
(22). In recent studies: neutralization of IL-12 during infection
make resistant mice susceptible to Leshmania infection (24) and
suggested that reconstitution of IL-12 P40-/- mice with exoge-
nous IL-12 initiates the Th1 response and protects the mice (25).
These observations suggested the critical and decisive role of
endogenous IL-12 in Leishmaniasis (26), and the capacity of
exogenous IL-12 to heal infected Balb/c mice correlated with the
powerful effect of IL-12 in suppressing IL-4 transcription and
protein production (27). It is now known that IL-10 plays a role in
disease progression, but whether with IL-4 or prior to the IL-4
phase is not known (28). This explains our previous suggestion
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regarding cytokine patterns about the increase of Th1 cytokines
amounts such as IL-12 and IFN-y and production of a high pos-
itve DTH response, and Th2 cytokines like IL-4, IL-10 levels
induce low DTH in cutaneous Leishmania disease (21). Several
studies have demonstrated that IL-4 and IL-10 act together in
the presence of exacerbated antigens (29), and it appears that
IL-10 may be the most appropriate cytokine to serve as an indi-
cator of failure or success of vaccination. Another essential
requirement seems to be IL-12, which is a critical cytokine in the
initiation and maintenance of immunity, as well as a very effec-
tive adjuvant (30). When L. major causes a single cutaneous
lesion, or undergoes spontaneous cure, the subject is resistant,
and probably infection is inhibited in macrophages via an innate
immunity and production of interferon gamma and IL12 by Th
response that leads to parasite killing, and probably in any
future challenge, the subject is immune (2). Leishmaniasis in
general, particularly cutaneous Leishmaniasis, is probably one
of a few parasitic diseases that is most likely to be controlled by
vaccines. In the author’s recent research, the hypothesis pro-
poses that the greatest increase in spleen white pulp size
expansion in mice may be related to IL-4 and IL-10 production,
resulting in humeral immune responses. Both IL4-and IL-10 are
associated with systemic disease without long term immunity to
cutaneous Leishmaniasis. Our previous results suggested that in
type | mice (susceptible) in injection Group 3: included
Leishmania antigen plus BCG and booster dose of antigen at
doses of 400-500 pug/mL which had low DTH response, could
produce IL-4 or IL-10. SWP expansion is related to the produc-
tion of cell mediated immune responses, IFN-y and (most likely)
IL-4 suppression, which may lead to long term immunity to
cutaneous Leishmaniasis. Our results are similar to our previous
findings in mice type Il (resistant), injection group 1: (Leishmania
antigen plus booster dose at doses of 100-200 ug/mL) (21-23).
Another animal model study of cutaneous Leishmaniasis indi-
cates that Th1 responses are essential for protection by vaccina-
tion and are usually predicated on the induction of high levels
of IFN-y and low levels of IL-4, and this was confirmed by our
results which show high 11-12 and low IL-10 in injection group
(LBL) and Low IL-12 and high IL-10 in injection groups (LB) and
(LT). This finding, also confirmed by recent studies, indicates
that even vaccines triggering high levels of IFN- y do not pro-
tect in the presence of high levels of the regulatory cytokine
IL-10 (34), and we observed the same results in this research:
IL-12 has the highest level in the LBT group, whereas, the lowest
levels belong to the LB group. IL-10 has the lowest level in the
LBT group, but it is highest in the LB and LT groups (Table 1-3).
It seems that II-4 and IL-12 have more light roles in post chal-
lenge protection. This research is a preliminary study on the
new formulation of Leishmania major as vaccine and more stud-
ies are necessary in future.

CONCLUSION

Our results concluded that IL-12 has a direct correlation with the
LBT group and conversecorrelation with IL-10. We consider that
up regulation of Th1 cytokine (IL-12), and down regulation of Th2
cytokine (IL-10), have an essential role in cutaneous Leishmania
disease and especially in protection with Leishmania vaccine.
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