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Abstract

Introduction—Cutaneous leishmaniasis in Sri Lanka is a newly established parasitic disease 

caused by the usually visceralizing Leishmania donovani. Skin lesions manifest as non-itchy, non-

tender papules, nodules or ulcers. In situ cytokine expression provides clues for 

immunopathogenesis of this localized form of disease.

Methods—Skin biopsies from 58 patients were analyzed for histological appearance and in situ 

cytokine expression of T- helper 1 (Th1) and T- helper 2 (Th2) cytokines, namely interferon (IFN)-

γ, interleukin (IL)-12A, tumor necrosis factor (TNF)-α, IL-4 and IL-10 by real-time RT- PCR.

Results—Significant up regulation of the Th1 cytokine IFN-γ and down regulation of the Th2 

cytokine IL-4 was seen in patients compared to healthy controls. Significantly elevated tissue 

expression of IFN-γ and TNF-α was seen in lesions that presented later than 6 months from the 

time of onset, while IL-4 expression was more prominent in lesions that responded poorly to 

antimony therapy.
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Conclusion—A prominent Th1 response appears to support resolving of lesions, whereas a Th2 

biased milieu tends to favor poor responsiveness to antimony and delayed lesion healing in L. 
donovani infections in Sri Lanka.
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Introduction

Leishmaniasis is a vector-borne parasitic disease, caused by the genus Leishmania, which 

are obligate intracellular parasites of the macrophage – dendritic cell lineage1. It presents in 

three major forms as cutaneous, mucocutaneous or visceral leishmaniasis (VL). 

Leishmaniasis is an important global health problem; currently endemic in 98 countries, 

with an estimated 0.2 to 0.4 million VL and 0.7 to 1.2 million cutaneous leishmaniasis (CL) 

cases occurring each year 2. It was considered as an exotic disease in Sri Lanka until the first 

locally-acquired case was described in 1992 3. At present, it is an established parasitic 

disease with CL as the predominant form of presentation4. Cutaneous Leishmaniasis in Sri 

Lanka is caused by Leishmania donovani MON-37 5, which is closely related to Leishmania 
donovani MON-2 that causes VL in the Indian subcontinent 6. This zymodeme has also been 

recently isolated from cutaneous lesions in a tribal population from Kerala, India 7, but is 

better known for its ability to cause VL in many countries including India, Kenya, Israel and 

Cyprus 8.

In addition to CL, several cases of mucosal leishmaniasis 9,10 and VL 11,12 have been 

recently reported in Sri Lanka. The causative agent of autochthonous VL also has been 

confirmed as Leishmania donovani MON-37 12. From the current picture, it is clear that Sri 

Lanka is dealing with a Leishmania donovani strain that manifests mainly as CL, however 

with visceralizing potential. Hence, it could be assumed that the host genetics and 

immunological response may undoubtedly have a role in apparently diverse clinical 

outcome.

Histopathology of CL is influenced by the geographical origin through diverse host or 

parasite related factors. It shows a two way spectrum: from anergic macrophage to 

tuberculoid granuloma in one and from digestion of amastigotes within macrophages to 

necrosis of infected macrophages in the other. Such necrosis may be either diffuse or 

focalized 13. Histopathological spectrum of CL in Sri Lanka has been described as similar to 

leprosy and grouped into four using a modified Ridley classification. It ranged from diffuse 

infiltrate of parasitized macrophages in group I to well-formed epithelioid granulomata in 

group IV 14.

Experimental mouse models have shown that outcome of Leishmania major infection 

depend on preferential activation of Th1 or Th2 subsets of CD4+ T cells, with Th1 type 

response leading to host resistance and Th2 type response causing progressive disease 15. 

Different mouse strains are recognized as genetically resistant or susceptible to L. major, 
depending on their ability to produce Th1 or Th2 cytokine profiles respectively. However, 

this clear dichotomous response is apparently not obvious in human leishmaniasis 16.
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Varying cytokine profiles have been associated with different clinical manifestations and 

infecting species in leishmaniasis. Leishmania braziliensis infection which may manifests as 

localized cutaneous leishmaniasis (LCL), mucocutaneous leishmaniasis (MCL) or 

disseminated cutaneous leishmaniasis (DCL), has demonstrated a predominant Th1 response 

in LCL, a mixed Th1/Th2 response in MCL and a prominent Th2 response in DCL 17,18. 

Similarly, a predominant Th1 type cytokine profile is seen in localized L. mexicana and L. 
tropica infections 19,20. In contrast a prominent Th2 response was observed in lesions caused 

by L. guyanensis 21. Unfavorable clinical evolution in L. donovani-induced post kala-azar 

dermal leishmaniasis (PKDL) has been attributed to a mixed Th1/Th2 cytokine response22.

Hence, the in situ cytokine profile in leishmaniasis is determined by the causative 

Leishmania spp. 18,19,21, the parasite strain 23,24, and the host immune response 25. Cytokine 

expression in dermatropic L. donovani infections however, has not been previously 

evaluated. The present study is the first to characterize the in situ cytokine gene expression 

in CL due to Leishmania donovani.

Materials and Methods

Ethical issues

This study received ethical approval from the Ethics Review Committee of the Faculty of 

Medicine, University of Kelaniya, Sri Lanka and was conducted adhering to the approved 

protocol and in agreement with the Helsinki Declaration. Patients and controls were 

recruited on a voluntary basis and informed written consent was obtained prior to sample 

collection.

Study population

A total of 108 patients with suspected skin lesions attending dermatology clinics in the Sri 

Lanka Army and District General Hospitals of Polonnaruwa and Hambantota were included. 

Patients with major co-morbidities such as diabetes mellitus and those already on treatment 

for CL were excluded from the study.

Sample collection

Two punch biopsies each measuring 2–3 mm were obtained from the lesion under local 

anesthesia. One was immediately submerged in RNAlater (Qiagen, Hilden, Germany), to 

stabilize RNA, and stored at −20°C until further analysis. The second biopsy was gently 

rolled over a microscope slide to prepare an impression smear. The biopsy specimen 

thereafter was fixed in 10% neutral buffered formalin (NBF) for routine histopathological 

processing, where tissue sections separately stained with haematoxylin and eosin (H & E) 

and Giemsa were prepared. Impression smears made on glass slides were air dried, fixed in 

methanol, stained with Giemsa and examined under a light microscope for the presence of 

parasites. Fifty eight patient samples with confirmed diagnosis of leishmaniasis, following 

the demonstration of parasites in impression smears or histological sections were further 

analyzed for cytokine gene expression. Control skin specimens were obtained from incision 

sites of 25 patients with no signs or symptoms of leishmaniasis, who underwent minor 

surgical procedures due to unrelated surgical causes. Patients were treated by the 

Manamperi et al. Page 3

Parasite Immunol. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



dermatologists in charge of the clinics with intralesional sodium stibogluconate weekly or 

fortnightly until the lesions healed.

Histopathological analysis

Forty six H and E stained sections were examined under a conference microscope (Olympus 

BX50, Tokyo, Japan) and categorized according to modified Ridley’s criteria for 

leishmaniasis as previously described 14. These categories are defined and illustrated in 

figure 2 and 3. In the group IV pattern where amastigotes were not seen, diagnosis was 

based on positive impression smear result. Histology was not performed in 12 patients due to 

inadequacy of specimen or its poor quality. Each specimen was examined by two 

histopathologists for confirmation of findings.

Altogether, cytokine gene expression was quantified in 58 patient and 25 control samples 

and it was correlated with histopathology in 46 patient samples. Forty four patients were 

followed up to assess the duration of treatment.

Total RNA extraction

Tissue specimens in RNAlater were disrupted and homogenized with RNA lysis buffer 

containing guanidine isothiocyanate using 1 g of 2.00 mm diameter Zirconia beads in a 

Mini-Beadbeater (Biospec, Bartlesville, OK, USA). Total RNA was extracted using the 

RNeasy Plus Universal Mini Kit (Qiagen, Valencia, CA, USA) according to manufacturer’s 

instructions. RNA purity and concentration measured using the NanoDrop™ 1000 

spectrophotometer (Thermo Fisher Scientific, Wilmington, DE, USA). Integrity of RNA was 

established by the presence of 28s and 18s bands on a 1% agarose gel electrophoresis 

according to established methods 26.

Reverse transcription-quantitative real- time polymerase chain reaction (RT-qPCR) for 
cytokine gene expression

Gene expression was analyzed for 5 cytokine genes (IL-12A, IFN-γ, TNF-α, IL-4 and 

IL-10) that represent both the Th1 and Th2 responses in the lesion. Cytokine primers 

validated for quantitative real-time PCR were selected from the PrimerBank 27 (Table 1). 

Optimization of RT-qPCR was carried out following the MIQE guidelines 28. 

Complementary DNA (cDNA) was synthesized using a unique blend of oligo (dT) and 

random hexamer primers provided by the iScript® cDNA synthesis kit (Bio-Rad, Hercules, 

CA, USA), according to manufacturer’s instructions. Briefly, 100 ng of RNA was used per 

20 μl total reaction volume, which included 4 μl of 5x iScript® reaction mix and 1 μl of 

iScript® reverse transcriptase. Reactions were incubated for 5 minutes at 25°C, 30 minutes 

at 42°C and 5 minutes at 85°C. A water control was included for each batch of cDNA 

synthesized. As recommended by the manufacturer, one-tenth of the cDNA reaction volume 

(2 μl) was used for qPCR. Real-time PCR reactions were set up with 2 μl of cDNA, 2.5 μl of 

primer mix with a concentration of 2.5 μM of each forward and reverse primers, 12.5 μl of 

iQ™SYBR® Green Supermix (Bio-Rad, Hercules, CA, USA) and 8 μl of nuclease free water 

in a total reaction volume of 25μl in each well on Microseal®96-well skirted PCR plates 

(Bio-Rad, Hercules, CA, USA). For each set of primers, all samples were run in duplicates. 

Beta-actin was used as the reference gene and qPCR was performed for 58 patient samples 
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and 25 control samples in a CFX96™ Real-time system (Bio-Rad, Hercules, CA, USA). 

Thermal cycling protocol consisted of an initial denaturation step at 95°C for 10 min 

followed by 45 cycles each consisting of 95°C for 15s, 60°C for 30s, 72°C for 30s and 78°C 

for 5s, and held at 72°C for 10 min. Post-amplification melting curve analysis was done to 

ensure reaction specificity, starting at 50°C and increasing up to 95°C in increments of 0.5°C 

for 5s. A negative control was included for each batch of cDNA samples.

Relative quantification of gene expression was done using the equation 2−ΔΔCt = 

2−(Ct target gene – Ct β-actin) sample-(Ct target gene-Ct β-actin) control as previously described 29.

Statistical analysis

Data were analyzed by IBM SPSS statistics for Windows, version 21.0 (Armonk, NY, USA). 

Non parametric tests were used for comparison of cytokine gene expression between patient 

and control groups as cytokine levels did not show a normal distribution. Mann – Whitney U 

test was used for comparison between two groups and Kruskal-Wallis test was used for 

comparison between more than two groups. Spearman’s correlation test was used for 

analyzing correlation between continuous variables. Significance was estimated at 0.05 level 

for all above methods.

Results

Patient and control group characteristics

The two groups were comparable with no significant difference in their age (p = 0.19) and 

sex (p = 0.72) distribution (Table S1). Patients presented with 1–4 lesions and majority 

(75.9%, 44/58) had only a single lesion. Lesions were mainly on upper limb (51.7%, 30/58) 

and lower leg (34.5%, 20/58), and lesion type varied from discrete papules and nodules to 

ulcerated plaques (Figure 1). Majority had nodular lesions (44.8%, 26/58). Lesions had a 

mean duration of 6.75 ±9.1 months (range: 1–48 months) and a mean size of 176.59 

±185.76 mm2 (range: 12.6 – 908.3 mm2).

Histopathological characteristics

Epidermal changes included hyperkeratosis (91.3%, 42/46), irregular acanthosis (54.3%, 

25/46), parakeratosis (34.8%, 16/46), follicular plugging (21.7%, 10/46) and hyperplasia 

(10.9%, 5/46) (Figure S1). Dermal changes were characterized by marked inflammatory 

infiltrate composed of macrophages, lymphocytes and plasma cells with or without 

granuloma formation (Figure 2 and 3). Distribution of sample numbers, lesion types and 

mean lesion duration among histopathological groups are given in table 2. Necrosis was not 

seen in any of these specimens. Histological grouping failed to show any obvious association 

with the lesion type, size or duration.

In situ cytokine gene expression and association with patient and lesion characteristics

All cytokines tested were expressed at detectable levels in patients’ tissue samples. In the 

control group all had detectable levels of IL-10, IFN-γ and TNF-α. However, IL-12A and 

IL-4 were detectable only in 17/25 and 21/25 controls respectively. Significant up regulation 
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of IFN-γ (p < 0.001) and down regulation of IL-4 (p < 0.001) was seen in the patients 

compared to controls (Figure 4).

Expression of TNF-α increased significantly with lesion duration (Spearman r =0.294, 

p=0.025). When lesions were categorized as recent (those with a duration of < 6 months at 

presentation) and late (duration of 6 months or more), there was significant increase in both 

IFN-γ (p=0.018) and TNF-α (p<0.001) in late lesions (Figure 5). Females showed higher 

mean level of Th1 type cytokine IL-12A (p= 0.03). On the other hand, males had higher 

mean levels of Th2 type cytokines IL-4 and IL-10 as well as Th1 type IFN-γ, but none were 

statistically significant. Cytokine expression was not significantly associated with the lesion 

size, lesion type, ulceration or histopathological grouping. Expression of all cytokine genes 

correlated significantly with each other, with the strongest correlation in the expression of 

IL-12A with IFN-γ (r =0.786) (Table 3).

All lesions followed up achieved complete healing and the treatment duration ranged from 

1.5 to 8 months with a mean of 3.0 ± 1.75 months. Time taken to heal showed a significant 

positive correlation with in situ expression level of IL-4 (Spearman’s r =0.321, p=0.034).

Discussion

Localized immune response at the site of infection plays an important role in pathogenesis 

and outcome of CL18–20,30,31. To better understand the role of cytokines in the pathogenesis 

of CL due to dermatropic L. donovani, we investigated and quantified for the first time, the 

in situ expression of both Th1 and Th2 type cytokine profiles together with local 

histopathological changes. Different types of cutaneous lesions, as previously described 4 

were studied and all appeared to heal completely following treatment with intralesional 

sodium stibogluconate, although the rate of healing varied between patients. There was a 

mixed Th1/Th2 cytokine profile at the site of infection, similar to observations made on 

human CL due to other Leishmania species 17–19. However, it was interesting to note a 

markedly up-regulated IFN-γ and down-regulated IL-4 expression with varying 

histopathological characteristics.

The most striking feature in histopathology was the presence of a marked inflammatory cell 

infiltrate in the dermis, composed of histiocytes, plasma cells and lymphocytes. Its 

organization ranged from diffuse inflammatory infiltrate with parasitized macrophages to 

varying degrees of granuloma formation that extended from ill-formed histiocytic to 

epithelioid granulomata. Similar histological changes have been observed in previous studies 

done on CL due to L. major 32 and L. donovani in the local setting 14. Varying degrees of 

necrosis have been described in American tegumentary leishmaniasis 33,34 as well as in CL 

in the old world 32. However, necrosis was not a prominent feature in this study, and 

therefore parasite elimination in CL due to L. donovani appears to depend on activation of 

macrophages to form epithelioid granulomas, rather than through a necrotizing process, as 

previously suggested 14. Interestingly, up-regulation of IFN-γ seen in this study provide 

further support for this assumption, as IFN-γ is a potent activator of macrophages 35. 

Therefore, it can be concluded that macrophage activation plays a key role in parasite 

elimination in CL due to L. donovani in Sri Lanka. No significant association between 
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histological grouping and cytokine expression was seen however, which may have been due 

to the inadequate numbers in some of the groups that hindered a proper comparison. 

Furthermore, failure to measure the cytokines produced also may have been an added 

limitation.

Localized CL is associated with increased in situ expression of IFN-γ as demonstrated in L. 
tropica 20 and L. major 31 infections, which are clinically comparable to L. donovani-
induced CL in Sri Lanka. Interferon-γ is a potent activator of macrophages 35 and acts 

synergistically with TNF-α to kill intracellular pathogens by induction of Nitric Oxide 

Synthase (iNOS) to produce nitric oxide 36. Significant up-regulation of IFN-γ and 

significant positive correlation between IFN-γ and TNF-α gene expression seen in this 

study further suggest that, macrophage activation is responsible for parasite elimination. 

Interleukin-12 plays a major role in the development of a Th1 response at the site of 

infection 35. Leishmania spp. are known to down-regulate production of IL-12, which enable 

their establishment within macrophages without activation, and hence facilitate ‘silent 

entry’ 37. A similar tendency to down-regulate IL-12 was seen in the patient population 

compared to controls, but the strong positive correlation seen between the expressions of 

IL-12A and IFN-γ indicates a well regulated expression of these two cytokines in the local 

milieu.

Although essential for parasite clearance, an exaggerated Th1 response with excessive IFN-

γ levels causes damage to host tissues. Subclinical infections have been associated with low 

levels of IFN-γ production in L. mexicana and L. braziliensis infections 30,38. Furthermore, 

elevated in situ expression of IFN-γ has been demonstrated in late lesions (> 6 months) in L. 
major infections 39. In this study, significantly increased expression of IFN-γ was seen in 

lesions diagnosed late (≥ 6 months) and a tendency to have higher levels of IFN-γ was 

observed in lesions that healed more slowly. Further enhancement of the pro-inflammatory 

milieu at the site of lesions as they evolved with time was evident by the significant positive 

correlation between the expression of TNF-α and lesion duration. This adds to the existing 

theory of the role of TNF-α in MCL and chronic manifestations in human 

leishmaniasis 17–19.

Development of an anti-inflammatory milieu at the site of infection favors persistence of 

parasites and disease progression in mouse models 15. Interleukin - 4 secreted by Th2 subset 

of lymphocytes plays a major role in down regulating the Th1 response and inhibiting nitric 

oxide production 1. In general, in situ expression of IL-4 is low in human CL 19,31, but a 

greater expression has been evident in MCL and DCL 17–19. In human infections with L. 
major, IL-4 production was associated with severe disease, while patients with mild disease 

had no IL-4 production 40. A very low and significantly down regulated IL-4 response was 

observed in patients compared to healthy controls, in the current study. This might provide a 

clue as to the non-visceralizing nature of the local parasite with relatively more favorable 

outcome of leishmaniasis in Sri Lanka, despite the virulence and visceralizing potential of 

the species L. donovani. Furthermore, a significant positive correlation was observed 

between IL-4 expression and time taken for lesions to heal, which points toward a role of 

IL-4 in interfering with the healing process. Interleukin-10, which is another cytokine with 

anti-inflammatory properties, was co-expressed with IL-4 demonstrating a significant 

Manamperi et al. Page 7

Parasite Immunol. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



positive correlation. Modulatory actions of IL-10 is important to prevent excessive tissue 

damage in inflammatory reactions by inhibiting pro-inflammatory cytokines 41,42 and hence 

higher expression has been recorded in MCL than LCL 18. High IL-10 has also been 

associated with poor response to treatment in infections with L. guyanensis 43, more slowly 

healing lesions in L. major31, persistence of disease with L. mexicana 44 and Indian 

PKDL 45, which has led to the suggestion that an optimum balance between macrophage 

activating IFN-γ and de-activating IL-10 is required for favorable outcome in 

leishmaniasis 46. Interestingly, we observed a significant positive correlation between 

expression of IFN-γ and IL-10 in lesions, with suggestive favorable balance between the 

pro-inflammatory and immune-regulatory responses among CL patients in Sri Lanka, which 

possibly explains its uncomplicated course in almost all patients.

Male and female sex hormones have a role in modulating the immune responses as 

evidenced by the pro-inflammatory properties of estrogen or 17β-estradiol and anti-

inflammatory properties of testosterone 47. Furthermore, studies have shown that 17β-

estradiol can increase nitric oxide production from macrophages in a pro-inflammatory 

cytokine independent pathway48. However, experimental models have shown different 

outcomes in male and female mice depending on the Leishmania species 47. Influence of sex 

was not very marked in the present study though there was an apparent tendency for 

increased expression of pro-inflammatory cytokine TNF-α and IL-12A in females and IL-4 

and IL-10 with anti-inflammatory bias in males. However, the use of large sample numbers 

may increase the statistical power of such analysis.

Evidence from these cytokine profiles points out a significant correlation between all the 

genes studied, with strong correlations apparent for IFN-γ with IL-12A and TNF-α. Similar 

significant correlation for IFN-γ with IL-12 and TNF-α has been found in other studies that 

involve Leishmania 20,31. Interestingly we also observed a significant positive correlation 

between the expression of IFN-γ and IL-4 and IL-4 and IL-10, indicating the fine balance 

between the pro- and anti-inflammatory modulators in local tissues of CL patients.

In conclusion, these observations point towards an existence of a mixed Th1/ Th2 cytokine 

expression profile at the site of lesion with an obvious bias towards Th1 response, that has 

positively influenced the outcome of the resultant localized form of leishmaniasis caused by 

a variant strain of Leishmania donovani among Sri Lankan patients. However, in order to 

directly implicate cytokines in disease pathogenesis and/or its outcome, more detailed 

investigations with adequate number of samples in each category of histopathology and 

proteomic studies would be required, which may be combined with a comprehensive 

analysis of chemokines and other anti-inflammatory cytokines such as IL-17, TGF-β.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Clinical presentations of cutaneous leishmaniasis due to L. donovani in Sri Lanka. Pictures 

A, B, C and D demonstrate a papule, nodule, ulcer and an indurated plaque lesion 

respectively.
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Figure 2. 
Histopathological groups I and II.

Group I (pictures A and B): Parasitized macrophages with variable lymphocytes and plasma 

cells in a diffuse infiltrate (amastigotes are shown by arrows in B).

Group II (pictures C and D): Parasitized macrophages (shown by arrows in D) with 

lymphocytes, plasma cells and ill formed histiocytic granulomata. (A and C: haematoxylin 

and eosin 10 x 20, B and D: haematoxylin and eosin 10x40).
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Figure 3. 
Histopathological groups III and IV.

Group III (pictures A and B): A mixture of macrophages with or without parasites 

(amastigotes focally present are indicated by arrows in B), lymphocytes, plasma cells and 

epithelioid granulomata (shown by arrows in A).

Group IV (pictures C and D): Epithelioid granulomatous response with or without Langhans 

type multinucleated giant cells (shown with arrow in D), few lymphocytes, plasma cells but 

no amastigotes (A and C: haematoxylin and eosin 10 x 20, B and D: haematoxylin and eosin 

10x40).
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Figure 4. 
Gene expression for IL-12A, IFN-γ, TNF-α, IL-4 and IL-10 in patient and control groups. 

Cytokine mRNA in dermal lesions and control skin specimens were quantified by RT-qPCR 

and expressed as relative mRNA copy numbers by 2ΔΔCt method. Beta actin was used as the 

reference gene and controls as the calibrators. Graphs represent the median relative mRNA 

copy numbers and interquartile range. Difference between patient and control groups were 

significant by Mann-Whitney U test for IFN- γ and IL-4 (***p <0.001).
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Figure 5. 
Expression of IFN-gamma and TNF-alpha in recent (< 6 months) and late (≥6 months) 

lesions. Both genes were expressed significantly more in late lesions compared to recent 

lesions. Graphs represent median relative mRNA copy numbers and interquartile range. (p 

values as calculated by Mann Whitney U test: * p <0.05 and ***p <0.001).
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Table 2

Distribution of sample numbers and lesion characteristics among histopathological groups

Group I Group II Group III Group IV

Number of samples 13 17 10 6

Papules 0 0 1 0

Nodules 3 10 3 5

Plaques 2 2 1 0

Ulcers 8 5 5 1

Mean lesion duration in months (SD) 4.6 (2.5) 8.1 (11.6) 11.8 (14.4) 5.7 (4.3)
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Table 3

Spearman’s rank correlation coefficients for intralesional cytokine gene expressions

IL-12A IFN- γ TNF-α IL-4

IFN- γ 0.786 (p <0.001)

TNF-α 0.594 (p <0.001) 0.679 (p <0.001)

IL-4 0.565 (p <0.001) 0.615 (p <0.001) 0.395 (p =0.002)

IL-10 0.507 (p <0.001) 0.597 (p <0.001) 0.485 (p <0.001) 0.659 (p <0.001)

Values indicate correlation coefficients with level of significance in parentheses, determined by the non-parametric Spearman’s rank correlation test 
to calculate the degree of linear correlation among the relative copy numbers for cytokine mRNAs expressed at the site of lesion. A correlation 
coefficient close to 1 indicate a linear relationship in the expression of the two cytokines.

Abbreviations: IL, interleukin; IFN-γ, interferon-gamma; TNF-α, tumor necrosis factor-alpha.
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