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ABSTRACT

Background and Objectives: Kerman Province, especially city of Bam in the southeast part of Iran,
is epidemics for dry type cutaneous leishmaniasis (DTCL). This study was conducted to compare
the effect of different treatments on parasite DNA load following therapies using Real-Time PCR
method.

Materials and Methods: Fifteen patients were divided into three groups under therapy with
intralesional meglumine antimoniate, topical imiquimod and combination of both drugs. After
obtaining consent from patients, punch biopsies were taken before and after treatment .To compare
the amount of DNA load a relative quantitative Real-Time PCR method was designed and set up
using Leishmania tropica ITS (internal transcribed spacer) gene. After doing PCR, the obtained

results were analyzed using 2”-AAC, method and relativity of DNA load before and after treatment
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248 DNA Load Analysis Using Real Time PCR In Comparison With ...

were calculated.

Results: The highest falling of DNA load was for imiquimod (mean 4/7 cases), glucantime (mean
2/2 cases) and combination therapy (mean 2/4). From clinical point of view combination therapy
had the best response. On the other hand, the overall IHC findings showed good response based on
decreased CD1a epidermal, increased CD1a dermal, decreased CD68 macrophages and increased
CD3 and CD20 of dermis.

Conclusion: We set up a new method to compare Leishmania DNA load using the stable human
gene of beta actin for normalization. We concluded that imiquimod was immune modulator and

had synergistic effects on the best parasitocidal drug of glucantime for better response.
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Introduction of pentavalent antimonial group. They have

been the main therapeutic agent for treatment of

eishmania species are protozoa belongin : L .
p p sng leishmaniasis since 70 years ago. The mechanism

to the family 77 idae. Th .. .
0 the family Trypanosomatidae Y of action is unknown, but may involve inhibition

are transmitted by sandflies belonging to ofthe parasite’s glycolytic and fatty acid oxidative

the genera phlebotomus (1). The old world cuta- activity resulting in decreased synthesis of ATP

(8).

Imiquimod (aldara) is a form of imidazoquinoline.

neous leishmaniasis (C.L.), as a dry type caused
by L. tropica is one of the most common para-
sitic diseases in Kerman Province, southeastern
Iran(2).

The diagnosis of C.L. is made by detecting amas-

It is used to treat skin malignancies (basal cell
carcinoma, Bowen disease, superficial squamous
cell carcinoma), viral lesions (such as HPV

tigotes in biopsies or direct smears taken from . . .
lesions and mollscumcontagiosum) and also in

skin lesions. Due to scanty organisms in cutane- o : .
Y org combination with glucantime for treatment of
resistant C.L.(9).

Relative quantification method is used for

ous lesions, especially in chronic leishmaniasis,
these methods have low sensitivity (3). PCR is a
Tgo?ecuflar r(ril‘ethod \_Vlthfhig_h }slensn‘wl‘ty an;l sgeci calculation of gene expression or parasite DNA
iicity for diagnosis of leishmaniasis and Rea load in different stages of disease or treatment
(10, 11).

In calculating the amount of gene expression or

Time PCR is a method to make quantification of
parasite burden(4, 5).

There are different types of treatments for C.L. DNA load, one of the samples was calibrator

systemic treatment including parenteral (I.V. or .
Y uaing p ( (reference) and other sample compared with that.

I.M.) pentavalent antimonials and oral agents )
)P & As in our study before treatment samples were

fluconazol, zinc sulfate and azithromycin). Lo- ) )
( ’ yein) considered as calibrator, and after treatment

calized therapy includes intralesional injections specimens were reported as fold changes (12).
The current study tried to evaluate DNA load

changes before and after treatment of cutaneous

of pentavalents, topical drugs (imiquimod and
parmomycin) and physical methods (cryothera-
by ng’ lasjer,ltop 1(.:a'1 hea‘;, I})l holtoc.iynarrélc;hera- leishmaniasis, with imiquimod, meglumine an-
py and surgical excision of the lesion) (6, 7). timoniate and combination of both medications,

Meglumineantimoniate (glucantime) is a form using Real Time PCR.
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Materials and Methods

After explanation the study details to patients
their medical consent were obtained. Also their
personal information and diagnosis were kept
secret.

Fifteen patients underwent treatment for five
weeks and were randomly assigned to three
different treatment groups: I) Imiquimod (seven
cases) II) Imiquimod and meglumine antimoniate
(four cases) and III) meglumine antimoniate
(two cases). Imiquimod was used as a topical
cream was administrated nightly for five weeks
and intralesional meglumine antimoniate (0.5-1
ml/cm?2) on a weekly basis. After taking consent
from patients, punch biopsies were taken before
and after treatment. The biopsies were fixed
in formalin and embedded in paraffin blocks.
Histological and immunohistochemical studies

were performed (13).

The QIAamp DNA FFPE kit was used for DNA
extraction. Subsequent steps were carried out
according to manufacturerer’s instructions. At
first we cut up 8 sections 10 pum thick using
microtome. Then usedxylen (2 ml) and ethanol
(Iml) 2-3 times for removing paraffin from
samples. The pellets were mixed with 180 pul
buffer ATL and 20 ul Proteinase K, and incubated
at 56°C for one hour, and then incubated
overnight at 90 °C. They were mixed with 200
ul buffer AL 200 ul ethanol. After centrifuging
the entire lysate, we washed them with 500 ul
buffer AW1 and 500 pl buffer AW2. At last 50
ul buffer ATE were applied to the tubes. After
incubating tubes at room temperature for 5
minutes, the DNA extraction was completed and
they were reserved for next processes.

For identifying the Leishmania species a con-

ventional PCR method was set up using a pair
of primers (5 TCGCAGAACGCCCCTACC 3°)
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and (5’-AGGGGTTGGTGTAAAATAGGC 3°)
specific for conserved sequences of kDNA of
Leishmania. The agarose gel (1% )electropho-
resis is used for running of the PCR products
(14).

To compare Leishmania DNA load before and
after treatment, at first the standard strain of L.
tropica (MHOM’Sudan’58°0OD) was cultured
and four dilution (rate, one to ten) were pre-
pared by neubauer chamber cell counting. Af-
ter DNA extraction these samples were evalu-
ated by absolute quantitative real time PCR and
standard curve was obtained. After optimization
of primers and probe a relative quantification
real time method was set up. The ITS (internal
transcribed spacer) gene of L. tropica was cho-
sen for designing primers and probe (GenBank
Accession number :FJ948464.1) (15). Forward
primer (L.ITS.R: 5-TTTAATAATCCTGGT-
CACAGCC-3’) and reverse primer (L.ITS.F:
5’-CAAATACACGCATGCACTCTC-3’) tar-
geting the conserved region of the Leishma-
nia ITS gene was designed. The fluorogenic
probe of L. tropica (LITS.P: 5’-AGCGTC-
GAAACTCCTCTCTGGTGC-3") was synthe-
sized using a 6-carboxy-fluorscein (FAM) re-
ceptor dye molecule attached to the 5’ end, and
a 6-carboxytetramethylrhodamine (TAMRA)
quencher linked to the 3’ end. For normaliza-
tion the human gene of Beta actin was chosen
and primes and probe were designed as house-
keeping gene (NCBI Reference Sequence:
NM 001101.3) (16). Beta Actin primers
were (BAF: 5°- ACCACCTTCAACTCCAT-
CATG-3’) and reverse (BAR: 5’-CTCCTTCT-
GCATCCTGTCG-3’) and its probe was (BAP:
5’-ACATCCGCAAAGACCTGTACGCC-3”)
modificated with 5° JOE and 3° TAMRA (Bi-
oneer). These primers and probes were designed
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by the Gene Runner software.

Real time PCR was performed in a 25ul reaction
volume including 12.5ul of Tag Man Master
Mix (Jena Bioscience) 300 nM of each primer,
200 nM of each fluorogenic probe and 50 ng of
DNA. The thermal cycle conditions consisted of
a 10 min initial incubation at 25 °C, followed by
4 min denaturation at 95 °C 50 cycles at 95 °C
for 20 s and 60 °C for 1 min each.

Analysis of results by AAC calculation:
T

Before treatment samples were considered as
calibrator, and after treatment specimens were
reported as fold change.

Calculation formula was as follows:

e
e Formula: 2

AMC=(C C )-(C Cc )

titestl — t, refl t,test2 —  t, ref2

*C  :ITS gene C in after treatment samples.
t, testl t

«C :Betaactin gene C in after treatment
t, refl t

samples.

*C  :ITS gene C in before treatment samples.
t, test2 t

*C ; Betaactin gene C in before treatment
t, ref2 t

samples.

The relative quantitative real-time PCR method
that we used to analyze our data is also used to
evaluate gene expression in various stages of
disease or treatment (17).

Results

Thirty paraffin blocks were used and useful
DNAs were successfully extracted from twenty
six of them. Four of them were failed to extract
DNA. As expected; all samples were L. tropica,
identifying by conventional PCR (Fig.1).

IRANIAN JOURNAL OF PATHOLOGY

15 i
m S W S 5 W S .
T i T il
i 2 B

L.tropica, 800 bp Samples

Fig. 1: Identification of Leishmania spp. isolated
from skin biopsies by conventional PCR based
on specific primer for conserved sequences of
kDNA. Line 9 is positive control of L. major
(620 bp) and Line 1 to 8 are L. tropica (800 bp)

After absolute quantification of the parasites,
we plotted the Ct values against the different
dilutions. Results show that quantification was
linear over serial dilutions. Cure obtained from
different samples had slope of -3.471(Fig. 2).

‘nun.n

\nuht

Yovn

" »

Count of Amastigote
(copy/ml)

0 10 20 30 40
Cycle of Threshold

Fig. 2: Standard curve obtained from serial
dilution of L. tropica DNA expressed as the
number of parasites per ml (R = 0.9983-Slope=
-3.472)

Afterwards; Leishmania DNA load was estimated
by relative quantitative real-time PCR. The value
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of ACt was calculated for each sample before
and after treatment by subtracting Beta actin Ct
from ITS Ct. then the AACt was obtained for
each sample by subtracting before treatment ACt
from after treatment ACt. Then the value of 2-
AACt was calculated which showed the ratio of
DNA load after or before treatment (Table 1). For
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imiquimod four cases of seven have decreased
DNA load (57% of patients). In glucantim
therapy group, in both cases the Leishmania DNA
load had been decreased (1/8192 & 1/4096). In
combination therapy group, two of four cases
showed reduction in DNA load (50% of patients)
(Table 1).

Table 1-ACt and 2"-AAC, values in three treatment groups using ITS and Beta Actin genes:

-Treatment with Imiquimod reduced DNA load in four cases of seven patients.

-Treatment with Glucantime reduced DNA load in both cases.

-Treatment with combination of Imiquimod and Glucantime reduced DNA load in two cases of four

patients.
Drug No. of After Before 2AAAC
sample treatment AC, treatment AC, '
Imiquimod 1 14 2 27-12
2 10 10 270
3 5 -4 27-9
4 0 2 272
5 12 6 27-6
6 29 8 2721
7 10 9 2™
Glucantime 1 7 -5 2712
2 11 -2 21-3
Combination 1 14 5 27-9
of both drugs 2 ] 10 n
3 10 -6 27-16
4 1 2 27

Maximum decreased DNA load in all three
regimens belongs to one case treated by
imiquimod alone. In this case the value of 2-
AAC, is 27-21; it means that the ratio of DNA
load in after treatment sample was 1/2097152 to
before treatment sample. In Table 2, samples are

Vol.8 No.4, Fall 2013

sorted according to 2"-AAC,. Since this study
was following the previous study done by Dr.
Shamsi Meymandi et al. (13), we reevaluated
their IHC findings and compared them with
real-time PCR results (Table 2).
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Table 2- The samples were arranged due to amount of 2*-AACt (Inc: Increase, Dec: Decrease)

27-AAC, Epi Der Der Der Der Clinical
CDla CDla CD68 CD3 DC20 data
1 Aldara 27-21=1/2097152  Dec Inc Dec Inc Inc Cure
2 Combination 2"-16=1/65536 Dec Inc Dec Dec Dec Partial cure
3 Aldara 27-12=1/4096 Dec Inc Dec Inc Inc Cure
3 Glucantime 27-12=1/4096 Dec Inc Dec Inc Inc Cure
4 Aldara 27-9=1/512 Dec Inc Dec Inc Inc Cure
4 Combination  2"-9=1/512 Dec Inc Dec Inc Inc Partial cure
5 Aldara 27-6=1/64 Dec Inc Dec Inc Inc Cure
6 Glucantime 27-3=1/8 Dec Inc Dec Inc Inc Partial cure
Discussion mania DNA load was markedly decreased after

This was the first study comparing the therapeutic
effect of glucantime, imiqimod and combination of
both using real-time PCR and obtaining parasite
DNA load. Other studies compared them by
clinical manifestation or using histological and
immunohistochemical methods. Our study revealed
that imiquimod was the highest reducer of DNA
load and by mean 57% of cases but mean of response
for glucantime was 100% and for combination was
57%. Although it seems the glucantime was the
best reducer of the DNA load but as we had only
two patients treated by glucantime, it could not
be considered as the best medication. In terms of
[HC and clinical findings combination therapy was
the best responder. It had shown that combination
therapy is a better treatment than glucantime or
imiquimod alone (18).

In another study “Arevalo” had tried combination
of imiquimod and glucantime in 12 patients
which did not respond to meglumine antimonite
therapy, 90% of the patients were cured after 6
month (19).

Although glucantime is a very old drug, its exact
mechanism is unknown (20). But several mecha-
nisms have been proposed for the drug by recent
studies. Sereno et al. have reported apoptosis in
antimonial-treated amastigotes involving DNA
fragmentation and externalization of phospha-
tidylserine on the outer surface of the plasma
membrane (21). As regards our study the Leish-
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treatment of glucantime and it emphasized the
theory of DNA fragmentation.

Imiquimod is an immunresponse modifying
agent (22). It activates immune cells, through
stimulation of Toll-Like Receptors (TLRs), lo-
calized on the surface of antigen presenting cells.
These immune cells release several endogenous
pro-inflammatory cytokines such as INF- o,
TNF- a, IL6 and IL12; resulting in upregulation
immune system activity. Imiquimod also releases
nitric oxide which can activate macrophages to
kill Leishmania amastigotes (9, 22).

Imiquimod did not demonstrate direct toxic
effects against amastigotes but could induce the
expression of the inducible nitric oxide synthase
(INOS) gene and release of NO (nitric oxide) from
both infected and noninfected macrophages. So
the macrophages can remove the amastigotes (23).
There is no beneficial effect of combination a
four week course of treatment with 5% imiqui-
mod cream and a standard course of treatment
with meglumine antimoniate in patients with
cutaneous leishmaniasis in endemic area of L.
tropica (18). Also in our study the combination
of glucantime and imiquimode had the least re-
duce of Leishmania DNA load.

Recent researches showed acquired mutations in
L. tropica leading to decreased responsiveness
to antimonial drugs such as glucantime (24).
There are several mechanisms for resistance of
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Leishmaniatreatment with pentavalentantimonial
group, but all of them result from decreasing the
concentration of drug in the cell. This could be
either by decreasing drug uptake by integral
membrane proteins or by increasing efflux and or
sequestration of the active metabolites (8).
Dendritic cells (CD1a positive cells) and macro-
phages (CD68 positive cells) play important role
in Leishmania detecting and eliminating. Leish-
mania promastigotes (the infectious form of
Leishmania) are taken up by skin macrophages.
Promastigotes transform into amastigotes within
macrophages and replicate. Then macrophages
are lysed and amastigotes are released. Free
macrophages infect skin dendritic cells. These
activated dendritic cells migrate to lymph nodes
through dermis and activate T cells to become
THI1 cells. Cytokines released from Th1 cells in-
duce macrophages to up -regulate and eliminate
intracellular organisms (25).

In terms of IHC findings, we have shown that in
all cases with reduced Leishmania DNA load, the
number of CD1a positive cells (dendritic cells)
had decreased in epidermis and increased in
dermis. The other finding was decrease of CD68
positive macrophages in these cases. It means
that in successfully treated patients dendritic
cells migrate from epidermis to dermis in order
to activate immune system. Macrophages are the
main reservoir of the parasite, thus reducing the
number of them demonstrated efficacy of drugs
in reducing parasites.

Beta actin, a human protein, is present in almost
all tissues. Although its expression can change
in some diseases or due to some drugs but it is
probably the best housekeeping gene as internal
control in real time PCR; since beta actin levels
do not change under numerous treatments in a
multiple samples(26).

Conclusion

This study showed that these primers and
probes as appropriate candidates can be used
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in identification of L. tropica species and
parasite load in endemic areas. Further studies
using different clinical samples to optimize the
identification of Leishmania genus and species,
and also parasite load are essential.

Acknowledgement

We are grateful for financial support of Kerman
Leishmania Research Center for the granted
project (no.90/151). The authors declare that
there is no conflict of interests.

References

1. McPherson RA, Pincus MR. Henry’s clinical
diagnosis and management by laboratory methods. 22th
ed. New York: Saunders; 2011.

2. Nadim A, Aflatoonian M. Anthroponotic cutaneous
leishmaniasis in the city of Bam, southeast Iran. Iranian
J Public Health. 1995;24(1-2):15-24.

3. Meymandi SS, Bahmanyar M, Dabiri S, Aflatonian
MR, Bahmanyar S, Meymandi MS. Comparison of
cytologic giemsa and real-time polymerase chain
reaction technique for the diagnosis of cutaneous
leishmaniasis on scraping smears. Acta Cytologica
2010;54(4):539-45.

4. Khosravi S, Hejazi SH, Hashemzadeh M, Eslami
G, Darani HY. Molecular diagnosis of Old World
leishmaniasis: Real-time PCR based on tryparedoxin
peroxidase gene for the detection and identification of
Leishmania spp. J Vector Borne Dis 2012;49(1):15-8.
5. Medeiros AC, Rodrigues SS, Roselino AM.
Comparison of the specificity of PCR and the
histopathological detection of leishmania for the
diagnosis of American cutaneous leishmaniasis. Braz J
Med Biol Res 2002;35(4):421-4.

6. Santos DO, Coutinho CER, Madeira MF, Bottino
CG, Vieira RT, Nascimento SB, et al. Leishmaniasis
treatment—a challenge that remains: a review. Parasitol
Res 2008;103(1):1-10.

7.Shamsi Meymandi S, Zandi S, Aghaie H, Heshmatkhah
A. Efficacy of CO2 laser for treatment of anthroponotic

IRANIAN JOURNAL OF PATHOLOGY



254 DNA Load Analysis Using Real Time PCR In Comparison With ...

cutaneous leishmaniasis, compared with combination of
cryotherapy and intralesional meglumine antimoniate. J
Eur Acad Dermatol Venereol 2011;25(5):587-91.

8. Ashutosh, Sundar S, Goyal N. Molecular mechanisms
of antimony resistance in Leishmania. ] Med Microbiol
2007;56(Pt 2):143-53.

9. Gupta AK, Cherman AM, Tyring SK. Viral and
nonviral uses of imiquimod: a review. J Cutan Med Surg
2004;8(5):338-52.

10. Verma S, Kumar R, Katara GK, Singh LC, Negi NS,
Ramesh 'V, et al. Quantification of parasite load in clinical
samples of leishmaniasis patients: IL-10 level correlates
with parasite load in visceral leishmaniasis. PLoS One.
[Research Support, Non-U.S. Gov’t] 2010;5(4):e10107.
11. van der Meide W, Guerra J, Schoone G, Farenhorst
M, Coelho L, Faber W, et al. Comparison between
quantitative nucleic acid sequence-based amplification,
real-time reverse transcriptase PCR, and real-time
PCR for quantification of Leishmania parasites. J Clin
Microbiol. [Comparative Study Evaluation Studies
Research Support, Non-U.S. Gov’t] 2008;46(1):73-8.
12. Livak KJ, Schmittgen TD. Analysis of relative gene
expression data using real-time quantitative PCR and the
2(-Delta Delta C(T)) Method. Methods 2001;25(4):402-8.
13. Shamsi Meymandi S, Javadi A, Dabiri S, Shamsi
Meymandi M, Nadji M. Comparative histological and
immunohistochemical changes of dry type cutaneous
leishmaniasis after administration of meglumine anti-
moniate, imiquimod or combination therapy. Arch Iran
Med 2011 ;14(4):238-43.

14. Mahboudi F, Abolhassan M, Yaran M, Mobtaker H,
Azizi M. Identification and differentiation of Iranian
Leishmania species by PCR amplification of kDNA.
Scand J Infect Dis 2001;33(8):596-8.

15. Manna L, Reale S, Viola E, Vitale F, Foglia Manzillo
V, Pavone LM, et al. Leishmania DNA load and cytokine
expression levels in asymptomatic naturally infected
dogs. Vet Parasitol 2006;142(3-4):271-80.

16. Schulz A, Mellenthin K, Schonian G, Fleischer B,
Drosten C. Detection, differentiation, and quantitation
of pathogenic Leishmania organisms by a fluorescence

resonance energy transfer-based real-time PCR assay. J

IRANIAN JOURNAL OF PATHOLOGY

Clin Microbiol 2003;41(4):1529-35.

17. Gerlag DM, Boyle DL, Rosengren S, Nash T, Tak
PP, Firestein GS. Real-time quantitative PCR to detect
changes in synovial gene expression in rheumatoid
arthritis after corticosteroid treatment. Ann Rheum Dis
2007;66(4):545-7.

18. Firooz A, Khamesipour A, Ghoorchi MH, Nassiri-
Kashani M, Eskandari SE, Khatami A, et al. Imiquimod
in combination with meglumine antimoniate for
cutaneous leishmaniasis: a randomized assessor-blind
controlled trial. Arch Dermatol 2006;142(12):1575-9.
19. Arevalo I, Ward B, Miller R, Meng TC, Najar
E, Alvarez E, et al. Successful treatment of drug-
resistant cutaneous leishmaniasis in humans by use
of imiquimod, an immunomodulator. Clin Infect Dis
2001;33(11):1847-51.

20. Croft SL, Sundar S, Fairlamb AH. Drug resistance in
leishmaniasis. Clin Microbiol Rev 2006;19(1):111-26.
21. Sereno D, Holzmuller P, Mangot I, Cuny G,
Quaissi A, Lemesre JL. Antimonial-Mediated DNA
Fragmentation in Leishmania infantum Amastigotes.
Antimicrob Agents Chemother 2001;45(7):2064-9.

22. Lacarrubba F, Nasca MR, Micali G. Advances in the
use of topical imiquimod to treat dermatologic disorders.
Ther Clin Risk Manag 2008;4(1):87-97.

23.Buates S, Matlashewski G. Treatment of experimental
leishmaniasis with the immunomodulators imiquimod
and S-28463: efficacy and mode of action. J Infect Dis
1999;179(6):1485-94.

24. Hadighi R, Mohebali M, Boucher P, Hajjaran H,
Khamesipour A, Ouellette M. Unresponsiveness to
glucantime treatment in Iranian cutaneous leishmaniasis
due to drug-resistant Leishmania tropica parasites.
PLoS Med 2006;3(5):e162.

25. Von Stebut E.

leishmaniasis: the role of mast cells, phagocytes and

Immunology of cutaneous

dendritic cells for protective immunity. Eur J Dermatol
2007;17(2):115-22.

26. Giulietti A, Overbergh L, Valckx D, Decallonne
B, Bouillon R, Mathieu C. An overview of real-time
quantitative PCR: applications to quantify cytokine
gene expression. Methods 2001;25(4):386-401.

Vol.8 No.4, Fall 2013



