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Abstract

Objectives: The role of serum cholesterol and its interactions with cytokines in the
pathophysiology of human cutaneous leishmaniasis (CL) is not known. This study was aimed
to evaluate the correlation between serum total cholesterol (TC), very-low-density
lipoprotein-cholesterol (VLDL-C), low-density lipoprotein-cholesterol (LDL-C), high-
density lipoprotein-cholesterol (HDL-C) and triglycerides (TG), and cytokines including
interleukin-10 (IL10), interleukin-12 (IL12), tumor necrosis factor-alpha (TNF-a), in CL.
Moreover, we analyzed the cholesterol-cytokine network to shed light on the pathogenesis of
CL. Methods: A case-control study including CL patients (n = 50) and control subjects (n =
25) ranging between 20-30 years old was conducted from December 2022 to March 2023.

The serum samples were analyzed via commercial kits to detect the levels of TC, IL-10, IL-


mailto:laith.bi@yahoo.com

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

12, TNF-0, VLDL-C, LDL-C, HDL-C and TG. Computational efforts to dissect cholesterol-
protein interaction networks was also employed using STITCH. Results: TC, HDL-C, and
LDL-C levels were markedly lower (p =0.0001) in CL patients compared to those of control
subjects, whereas IL10, IL12, TNF-a, VLDL-C and TG levels were higher in CL patients.
Serum cholesterol did not exhibit a correlation with cytokines, however a significant
correlation (r = 0.57; p = 0.026) was observed between IL12 and TNF-a. Within the
cholesterol-protein network, cholesterol potentially interacted with IL10, connecting
cholesterol to modules with immunological significance, including TARAF1, TARAF2, and
TNFRSF1B, as well as IL10, IL10RA, and IL12RB1. Conclusion: This study showed
alteration of lipid and lipoprotein in CL, and it introduced two immunological modules in CL
which appreciates attention to the altered cholesterol-cytokine interaction network in CL.

Keywords: Cutaneous Leishmaniasis, Cholesterol, Cytokine, Interaction Network

Advances in Knowledge:

- This study pioneers the exploration of cholesterol-cytokine interactions in cutaneous
leishmaniasis (CL), offering novel insights into the immunopathogenesis of this
parasitic infection. Employing computational tools, this research reveals a
cholesterol-protein interaction network, advancing our understanding of the altered
molecular landscape in CL and its potential implications for host immune responses.
This study identifies specific immunologically significant modules within the
cholesterol-protein network, contributing to the knowledge of key players in CL

pathogenesis.

Application to Patient Care:

- The observed alterations in cholesterol and cytokine levels provide potential
diagnostic biomarkers for CL, aiding in early detection and targeted intervention. The
identified cholesterol-protein network modules present promising therapeutic targets,
offering a foundation for the development of novel treatment strategies for CL.
Understanding the intricate relationship between cholesterol and cytokines allows for
personalized patient care strategies, tailoring interventions based on individual

immunological profiles in CL.

Introduction
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The alteration of cholesterol metabolism is required for the internalization of pathogenic
protozoa to the target cells and their life cycle and proliferation. However, the exact
mechanism of this alteration is not defined completely. Alterations in the lipid profile have
been observed in patients who have various parasitic infections.! Additionally, it is still
unknown what types of molecules cause lipid alterations, particularly in membrane proteins,
which are linked to parasite infection. Through both in vivo and in vitro investigations, it has
been found that if the serum is replaced with fat or cholesterol in the medium or animal
models, parasites cause considerable alterations in the lipid parameters. Subsequently,

individuals with active parasite infections showed alterations in their lipid profiles.!™

It is unclear how cholesterol is necessary for eukaryotic pathogens to internalize under
complex conditions of tissue distribution and lodging.4 The intestine, blood, liver, lungs,
brain, muscles, and lymphatic tissues are typical habitates for protozoa, helminths, and
arthropods, known as common human parasites.” Numerous parasite species have intricate
life cycles, with developmental stages occurring in soil or water. They may utilize a variety
of intermediate hosts, including vertebrates, invertebrates, and both cold-blooded and warm-
blooded animals.® Parasites have evolved to tolerate a wide range of oxygen, carbon dioxide,
and hydrogen ion concentrations, as well as temperatures in these various conditions. They
exhibit different dietary needs and employ various strategies to obtain and utilize the
necessary nutrients for growth, motility, and reproduction.” Cholesterol, as a cardinal
component of eukaryotic membranes, is essential for the organization, dynamics, function,
and sorting of cellular membranes.® It is frequently discovered that cholesterol is dispersed
non-randomly in the membrane domains.’ In this regard, cholesterol performs many of its
functions by preserving the functionality of a specific sort of membrane domain known as
lipid rafts.!® ' Cholesterol and sphingolipids are abundant in lipid rafts which have been
proposed to serve as a platform for coordinating signal transduction processes and entering

pathogens into the host cells.!®

The immune response and cytokines released by T helper 1 (Thl) and T helper 2 (Th2) cells
determine the etiology and rate of progression of diseases. Although the precise relevance of
the Th1 and Th2 cells in the pathogenesis of human cutaneous leishmaniasis (CL) is not yet
fully understood, certain animal model studies using BALB/c have provided a clear
explanation of the immune response.'? It is demonstrated that Th2 cells proliferate during the

progression of the disease and Th1 cells proliferate during the disease control.'> Tumor
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necrosis factor-alpha (TNF-a) and interferon-gamma (IFN-Y), released from Th1 cells,
activate macrophages and induce nitric oxide synthase.'* Meanwhile, Th2 cells suppress

macrophages by releasing interleukin 10 (IL10), thereby facilitating parasite proliferation.'

This study was carried out to assess the levels of TNF-a, IL12, and IL10 cytokines in CL
patients in comparison to those of control subjects to explore their correlation with serum
cholesterol. The computational tools were also employed to decipher the cholesterol-cytokine

network to shed light on the role of cholesterol in the pathogenesis of CL.

Materials and methods

Subjects

We performed this case-control study from December 2022 to March 2023. The
demographical and clinical features of CL patients (n = 50) and CL-free control subjects (n =
25) referred to hospitals within Baghdad and Wasit provinces hospitals, Iraq were recorded
(Table 1). The study's purpose was explained to participants who then provided their consent
to enrol. Subsequently, CL patients (Figure 1), with no history of prior leishmaniasis
management, and healthy volunteers without a history of CL were enrolled as control

subjects.

The procedure received approval from the Ethics Review Committee, Department of
Experimental Therapy, Iragi Center for Cancer and Medical Genetic Research, Mustansiriyah
University, Baghdad, Iraq. Permission to conduct the study was granted by the administration
of Baghdad Hospital. All participants were informed that their involvement was voluntary.
Written consent, outlining the purposes and procedures in the native language, was obtained
from each adult participant. All information provided by the respondents was kept

confidential and used exclusively for the study.

Diagnosis of CL

The diagnosis of CL was conducted through an immune-fluorescent antibody test (IFAT),
which relies on the reaction of antibodies in the sample with the antigen (leishmania
promastigotes) adsorbed on the slide surface. The emitted fluorescent light was assayed via

an immunofluorescence microscope (Etaluma, Inc. USA).

Quantification of serum parameters
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The serum levels of IL10 and IL12 were measured using commercially available human
sandwich ELISA kits (MyBioSource, USA). Also, the serum total cholesterol (TC), high-
density lipoprotein-cholesterol (HDL-C), and triglycerides (TG) were assessed by a
commercial kit (Linear, Spain). All quantification procedures were conducted following the
instructions provided in the commercial kit catalogue. Finally, the absorbance of both the
sample and standard solutions for each TC, HDL-C, and TG measurement was read at a
wavelength of 500 nm using a Spectrophotometer (Agilent 8453, Agilent Technologies, Inc.,
US). The calculation of serum TC, TG, and HDL-C levels was performed using the following

equation.'’

Serum concentration of each parameter (mg/dl) = (Absorbance of sample/Absorbance

of standard) X concentration of the standard (mg/dl)

Serum very-low-density lipoprotein-cholesterol (VLDL-C) and low density lipoprotein-
cholesterol (LDL-C) were calculated according to the equation of Friedewald et al. ',

respectively:

Serum LDL-C concentration (mg/dl) = TC- (TG/S)- HDL-C
Serum VLDL-C concentration (mg/dl) = (TG/S)
Serum LDL-C concentration (mg/dl) = TC - VLDL-C - HDL-C

Statistical analysis

The Statistical Analysis System (SAS, 2012) program was utilized for data analysis. The
Pearson correlation coefficient and independent T-test were employed to compare
biochemical variables between the case and control groups, with significance set at p <
0.05.!7 Dot plots were created to depict differences in the distribution of biomarker levels

between cases and controls.

Immuno-informatics

The immune-informatics analysis was conducted using the Search Tool for Interactions of
Chemicals (STITCH) platform (http://stitch.embl.de).'® Specifically, a components-targets
analysis was constructed, considering cholesterol and human cytokines assayed in this study
(IL10, IL12, and TNF-a) to explore the network-based relationships of these molecules. The

drawn network diagram was dissected to delve deeper into the relationships among these
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molecules and to identify new co-players. This exploration aims to propose more impactful
avenues for further investigations of putative targets and ligands. The STITCH platform was

employed to represent cytokine-cholesterol interactions in this context.

The gene mining of leishmaniosis has been curated from Public Health Genomics and
Precision Health Knowledge Base (v8.4) of Phenopedia (Centers for Disease Control and

Prevention (CDC); http://www.cdc.gov/).

Before sample collection, all participants received detailed information about the study, and
verbal consent was obtained from each one. This research was approved under reference
number BMS/0542/06 by the Committee on Publishing Ethics at the College of Science,

University of Mustansiriyah, Iraq.

Results

CL infection was confirmed by the positive findings from an immunofluorescence
microscope (Figure 2). Figure 4, supplementary Figure 2 and Supplementary Table 1 and 2
indicate significant differences in TC, IL10, IL12, TG, HDL-C, VLDL-C and LDL-C levels
between patients and control subjects. The levels of all three cytokines (including IL10, IL12,
and TNF-a) were considerably increased in patients compared to normal subjects. In contrast,
TC levels were significantly lower in CL patients compared to controls. Dot plots were
created to depict differences in the distribution of Cytokines and Lipid profiles levels

between cases and controls (supplementary file S2 Figure 3).

The statistical evaluation of the correlation coefficient (r) between the study parameters
revealed a strong positive correlation between IL12 and TNF-a, while other parameters did
not show significant correlation (Table 2). The dot plot of significant correlation of IL12 and

TNF-a is presented in supplementary file S2 Figure 4.

Based on the analyzed data extracted from STITCH through data mining, the condensed
interaction network of cholesterol with measured cytokines (as detailed in the supplementary
file S1 and Figures 1, 2) did not reveal the presence of any endogenous or exogenous
chemicals within the network, aside from cholesterol. Within this network, cholesterol
exhibited direct interactions with CYP11A1, CYP7A1, LCAT, HMGCR, APOB, ABCA1,

and APOA1, which were not the focal proteins of interest in our study. More specifically,
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cholesterol demonstrated a potential direct interaction with IL10, thereby establishing a
connection between cholesterol and two modules with immunological significance. In this
context, IL.10 has been directly interacted with TNFRSF1B, ABCA1, IL12RB1, and IL10RA
(Figure 3). The type of interaction of IL10 as an anti-inflammatory cytokine with TNF-a
receptor, TNFRSF1B, has been text-mined and involved in the cytokine targets for arthritis
therapy.!® Future investigations are acknowledged to dig deeper in the cytokine profile of CL

with a special focus on the TNF-TNFR family.

Based on the Phenopedia (http://www.cdc.gov/), there was not any report regarding genes
involved in the CL while just 12 genes including CCRS, COL1A1, Colla2, Mmp13, St3gal5,
FLI1, IL2, IL2RA, IL2RB, JAK3, and CCL2 have been reported for mucocutaneous

leishmaniosis. The elevated levels of IL12 in CL patients compared to control subjects, along
with the absence of any interactions between IL12 and cholesterol, are noteworthy findings in
the present study. IL10 functions as an intermediary node, linking cholesterol to a trio module
comprising TARAF1, TARAF2, and TNFRSF1B through data extraction®” which needs more
experiments that shed light on this interaction. However, we did not find any significant
correlations between cholesterol with TNF, IL10, and IL12. To the best of our knowledge, we
initially discussed avenues for future research to further clarify the impact of TARAFI,
TARAF2, and TNFRSF1B trio in the pathogenesis of human CL. Moreover, IL10 has been
potentially interacted indirectly with cholesterol with inter-node ABC1 (Figure 3). The
KEGG pathway of the cholesterol-cytokine network constructed in this study (Figure 3,
supplementary file S1 and supplementary Figurel) presented pathways including fat
digestion and absorption, Epstein-Barr virus infection, cytokine-cytokine receptor interaction,
and TNF signalling pathway with very low false discovery rate. However, two African
trypanosomiasis and toxoplasmosis pathways will give us stronger cues regarding the
involvement of IL10, IL10RA, and APOAT1 in the pathogenesis of CL as a protozoan
infection. In this context, considering another aspect of protozoa's metabolic competition with
the host, the significance of APOA1 becomes more pronounced. APOA1 functions as an
apolipoprotein, actively participating in the reverse transport of cholesterol and serving as a
cofactor for lecithin cholesterol acyltransferase (LCAT). In this regard, Escribano et al.?!
highlighted that an increase in serum apolipoprotein-Al levels could potentially serve as a
biomarker for the efficacy of therapy in canine leishmaniosis. The anti-inflammatory property

of APOALI represents an additional mechanism reinforcing our hypothesis that APOALI,
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236  functioning as a Trypanosome lytic factor I, may contribute to the evasion of the host innate
237  immune system by Leishmania parasites.??

238

239  Among the ontology of biological processes computed from the STITCH-constructed

240  network (Supplementary file S1 and Figures 3), ABCA1, CYP11AI1, IL10, IL10RA, and

241  TNFRSFI1B were identified as participants in the response to other organisms. At the

242 molecular processing ontology level, two prominent pathways were identified: receptor

243 binding and enzyme binding. These pathways involved ABCA1, APOA1, APOB,

244  TNFRSFI1B, TRAFI1, TRAF2, and IL10 (refer to Supplementary files S1, S2, and Figure 1).
245  On the other hand, the cellular component ontology of our cholesterol-cytokine network

246  primarily centered around the plasma lipoprotein particle, with key involvement from

247  APOAI, APOB, and LCAT (refer to Supplementary files S1, S2, and Figure 3).

248

249  In a straightforward analysis of the cholesterol-cytokine network, the statistics included a
250 total of 13 nodes, 22 edges, an average node degree of 3.38, a clustering coefficient of 0.846,
251  an expected number of edges at 11, and a protein-protein interaction (PPI) enrichment p-

252 value of 0.00302. Notably, in an attempt to enhance network enrichment, statins were the
253  only chemicals introduced into our cholesterol-cytokine network, as detailed in

254  Supplementary file S2.

255

256  Discussion

257  While the relationship between blood lipid and lipoprotein profiles and the pathogenesis of
258  leishmaniasis is not yet fully understood, some studies have focused on the role of cholesterol
259  in the pathogenesis of parasitic infections. The effect of HDL-C on leishmaniasis remains not
260 fully understood; however, some studies have suggested that leishmaniasis can decrease the
261  levels of blood HDL-C. For instance, one study reported that patients with visceral

262  leishmaniasis had lower levels of HDL-C (mean = 22.8 mg/dl) than healthy controls (mean =
263  48.6 mg/dL) and observed that HDL-C levels were inversely correlated with parasite load and
264  disease severity. This suggests that HDL-C may play a protective role against leishmaniasis
265 by inhibiting the entry and replication of Leishmania in macrophages.?* Another study

266  reported that Leishmania parasites can consume the host’s cholesterol to evade the immune
267  response and survive inside the cells.>* Moreover, the host’s lipid droplets, which are storage
268  organelles for lipids, may play a key role in disease progression and parasite development.?®

269  In summary, the effect of HDL-C on leishmaniasis is multifaceted and involves multiple
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factors, including the metabolism of the host and parasite, and the host's immune system.
More research is required to fully elucidate the mechanisms and implications of this effect.
Additionally, the effect of TG on leishmaniasis is not well understood, but some
investigations have suggested that leishmaniasis can increase blood TG levels. For example,
one study found that patients with visceral leishmaniasis had higher TG levels than healthy
controls.?® Another study reported that Leishmania parasites can use the host’s TG to produce
their own lipids and survive inside the cells.?” According to some results, there may be a link
between VLDL-C and leishmaniasis. One study found that Leishmania parasites can bind to
VLDL-C receptors on the surface of macrophages, which are immune cells that normally kill
the parasites. By binding to these receptors, the parasites can enter the macrophages and
avoid being destroyed by the immune system. The study also showed that blocking the
VLDL-C receptors reduced the parasite load and improved the outcome of the infection in
mice.?® Another study found that visceral leishmaniasis could trigger hemophagocytic
lymphohistiocytosis by causing persistent activation of lymphocytes and histiocytes, leading
to hypersecretion of pro-inflammatory cytokines and dysregulation of lipid metabolism.?
This could potentially impair the ability of the macrophages to kill the parasites and favor
their survival and replication.*® A recent study confirmed that hypertriglyceridemia was
correlated with increased levels of inflammatory markers, such as C-reactive protein,
interleukin-6, and TNF-a3. It concluded that hypertriglyceridemia could be used as a
biomarker of VL severity and prognosis.’! One study found that hypertriglyceridemia (high
levels of TG, which are carried by VLDL-C) was a possible marker of disease severity in
visceral leishmaniasis.*? Lipid formulations of drugs may enhance uptake by macrophages,
the cells that the parasite infects.>! However, more research is needed to understand the exact

relationship between VLDCL- and leishmaniasis.

In line with our findings, another study by Oliveira ef al. 2014 demonstrated a considerable
increase in the levels of interferon-gamma (IFN-Y) and TNF-a cytokines in the treated group
with soluble leishmania antigen (SLA) and phytohaemagglutinin (PHA) mitogen.
Furthermore, in the healed group, the level of IL10 dramatically decreased, while it
significantly increased in the unhealed groups. The evidence suggested that Leishmania
braziliensis-induced tegumentary leishmaniasis is characterized by increased IFN-* and TNF-
a, the absence of IL10 production, tissue damage, and the development of lesions similar to
those observed in CL and mucosal leishmaniasis (ML). Then, in their study, SLA was used to

excite peripheral blood mononuclear cells from CL and ML in the presence or absence of
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regulatory cytokines (IL10, IL-27, and TGF-a) or other cytokines (TNF-a and IFN-Y). TNF-a
and IL-17 production was downregulated by IL10, TGF-a, and IL-17 production. However,
the IL-27 level was unaffected in these patients. Their study showed that the immune
response in CL patients seems to be more modulated by the cytokines IL10 and TGF-a since

the neutralization of IFN-* reduces the generation of TNF-a in an IL10-dependent way.*

In the present study, the level of IL12 and TNF-a may indirectly show the involvement of
Thl in producing these inflammatory cytokines that play a role in the initial protective
immunity for Leishmania. In contrast, since IL10 prevents the generation of mediators like
nitric oxide, IFN-7, and the leishmanicidal activity of macrophages, IL10 may be considered
as an inhibitory strategy against overt inflammatory responses during the progression of CL
and is linked to the disease progression.** A systematic review and meta-analysis by Silva et
al. revealed a relationship between particular polymorphisms and the regulation of IL10 and

the emergence of more significant clinical manifestations of leishmaniasis.*

Another study supported the hypothesis that the blockade of TNF-a alters the clinical
manifestation of leishmaniasis in endemic populations, leading to atypical presentations.*®
According to the cases described, the optimal course of treatment would involve systemic
medication and the cessation of TNF-blocker therapy until clinical improvement. In this
context, pro- and anti-inflammatory cytokines play distinct roles in resistance/susceptibility,
immune pathogenesis, and the temporal and spatial balance of cytokines that may control or
predict the clinical manifestation of CL.>® Another research effort has centered on the
elevation of cholesterol in CL patients. It has been demonstrated that cholesteryl esters
attached to fatty acids and associated with LDL-C are increasingly retained in subcellular
fractions containing parasites during Leishmania infection of macrophages. Host cell
cholesterol is transported to the parasitophorous vacuole (PV), where it becomes integrated
into the parasites. Meanwhile, filipin staining revealed a halo surrounding the parasites within
the PV. The upregulation of mRNA encoding proteins essential for cholesterol production

coincided with this dual cholesterol sequestration process.>’

In alignment with this perspective, Kumar et al. 20163 reached the conclusion that
maintaining a critical level of membrane cholesterol in host cells is essential for CL.
Furthermore, they found that chronic statin-induced hypocholesterolemia effectively inhibits

the proliferation of Leishmania donovani.

10
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Conclusions

In summary, this study identified decreased TC levels and increased levels of IL10, IL12, and
TNF-a in CL patients compared to normal subjects. While no significant correlations were
observed between cholesterol and cytokines, a positive correlation was found between 1L12
and TNF-a in CL. Future investigations are warranted to further explore the cytokine profile
in CL, with a particular emphasis on the TNF-TNFR family. Notably, Phenopedia, a disease-
centered view of genetic association studies did not report any genes associated with CL, and
this computational effort opens new avenues for understanding the pathogenesis of CL. In
this context, two immunological modules including TARAF1, TARAF2, and TNFRSFI1B, as
well as IL10, IL10RA, and IL12RB1 were found, which their involvement in CL should be

pursued in future studies.

Conflict of Interest

The authors declare no conflicts of interest.

Funding

No funding was received for this study.

Authors’ Contribution

EHS contributed to the methodology, data curation, validation, preparation, visualization and
investigation. LIM contributed to the supervision, conceptualization, methodology, writing-
original draft preparation, writing- reviewing and editing. AHT contributed to the data
curation and validation. IK contributed to the writing, visualization, reviewing and editing of

the manuscript. All authors approved the final version of the manuscript.

Acknowledgment

The author(s) would like to thank Mustansiriyah University, Babylon University, and Razi
University for their support in the present work, and express heartfelt gratitude and
appreciation to His Excellency, Dr. Naim Abdel Yasser Al-Aboudi, Minister of Higher

Education, for his unwavering support and encouragement of higher education certificates.

References

11



371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403

1. Saunders EC, McConville MJ. Immunometabolism of Leishmania granulomas.
Immunol Cell Biol 2020; 98:832-44.

2. Gruber J, Pletzer A, Hess M. Cholesterol supplementation improves growth rates of
Histomonas meleagridis in vitro. Exp Parasitol 2018; 185:53-61.
https://doi.org/10.1016/j.exppara.2018.01.007.

3. Koch M, Cegla J, Jones B, Lu Y, Mallat Z, Blagborough AM, et al. The effects of
dyslipidaemia and cholesterol modulation on erythrocyte susceptibility to malaria parasite
infection. Malar J 2019; 18:381. 10.1186/s12936-019-3016-3.

4. Bharati K. Human genetic polymorphism and Leishmaniasis. Infect Genet Evol
2022:105203.

5. Deslyper G, Doherty DG, Carolan JC, Holland CV. The role of the liver in the
migration of parasites of global significance. Parasit Vectors 2019; 12:531. 10.1186/s13071-
019-3791-2.

6. Thompson JH, editor Clinical Parasitology. Mayo Clinic Proceedings; 1984: Elsevier.
7. Banerjee N, Hallem EA. The role of carbon dioxide in nematode behaviour and
physiology. Parasitol 2020; 147:841-54. 10.1017/s0031182019001422.

8. Pucadyil TJ, Chattopadhyay A. Role of cholesterol in the function and organization of
G-protein coupled receptors. Prog Lipid Res 2006; 45:295-333.
10.1016/j.plipres.2006.02.002.

0. Maxfield FR. Plasma membrane microdomains. Curr Opin Cell Biol 2002; 14:483-7.
10. Simons K, Toomre D. Lipid rafts and signal transduction. Nat Rev Mol Cell Biol
2000; 1:31-9.

11. Crane JM, Tamm LK. Role of cholesterol in the formation and nature of lipid rafts in
planar and spherical model membranes. Biophys J 2004; 86:2965-79. 10.1016/s0006-
3495(04)74347-7.

12. Goto Y, Mizobuchi H. Pathological roles of macrophages in Leishmania infections.
Parasitol Int 2023; 94:102738. https://doi.org/10.1016/j.parint.2023.102738.

13. Firouzjaie-Karder F, Akhoundi B, Mohebali M, Ardalan FA, Rahimi-Foroushani A,
Mesgarian F, et al. A comparative evaluation of regulatory t cells profile among acute and
chronic cutaneous leishmaniasis using flow cytometry. Iran J Parasitol 2019; 14:190.

14. Esboei BR, Mohebali M, Mousavi P, Fakhar M, Akhoundi B. Potent antileishmanial
activity of chitosan against Iranian strain of Leishmania major (MRHO/IR/75/ER): In vitro
and in vivo assay. J Vector Borne Dis 2018; 55:111.

12


https://doi.org/10.1016/j.exppara.2018.01.007
https://doi.org/10.1016/j.parint.2023.102738

404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437

15. Young DS. Effects of drugs on clinical laboratory tests. Ann Clin Biochem 1997,
34:579-81.

16. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-
density lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge. Clin
Chem 1972; 18:499-502.

17. Cary N. Statistical analysis system, User's guide. Statistical. Version 9. SAS Inst Inc
USA 2012.

18. Kuhn M, Szklarczyk D, Franceschini A, Campillos M, von Mering C, Jensen LJ, et al.
STITCH 2: an interaction network database for small molecules and proteins. Nucleic Acids
Res 2010; 38:D552-D6.

19.  Venkatesha SH, Dudics S, Acharya B, Moudgil KD. Cytokine-modulating strategies
and newer cytokine targets for arthritis therapy. Int J Mol Sci 2014; 16:887-906.

20. Kim CM, Park HH. Comparison of Target Recognition by TRAF1 and TRAF2. Int J
Mol Sci 2020; 21:2895.

21. Escribano D, Tvarijonaviciute A, Kocaturk M, Cerén JJ, Pardo-Marin L, Torrecillas
A, et al. Serum apolipoprotein-A1l as a possible biomarker for monitoring treatment of canine
leishmaniosis. Comp Immunol Microbiol Infect Dis 2016; 49:82-7.

22. Kalantar K, Manzano-Roman R, Ghani E, Mansouri R, Hatam G, Nguewa P, et al.
Leishmanial apolipoprotein Al expression: a possible strategy used by the parasite to evade
the host’s immune response. Future Microbiol 2021; 16:607-13.

23. Martinez CR, Ruiz CJ. Alterations in host lipid metabolism produced during visceral
leishmaniasis infections. Current Tropical Medicine Reports 2019; 6:250-5.

24.  Pucadyil TJ, Chattopadhyay A. Cholesterol: a potential therapeutic target in
Leishmania infection? TRENDS in Parasitology 2007; 23:49-53.

25. Jomard A, Osto E. High density lipoproteins: metabolism, function, and therapeutic
potential. Frontiers in cardiovascular medicine 2020; 7:39.

26. Kuschnir RC, Pereira LS, Dutra MRT, de Paula L, Silva-Freitas ML, Corréa-Castro
G, et al. High levels of anti-Leishmania IgG3 and low CD4+ T cells count were associated
with relapses in visceral leishmaniasis. BMC Infectious Diseases 2021; 21:1-14.

27. de Carvalho BC, Vital T, Osiro J, Gomes CM, Noronha E, Dallago B, et al.
Multiparametric analysis of host and parasite elements in new world tegumentary
leishmaniasis. Frontiers in Cellular and Infection Microbiology 2022; 12:956112.

28. Aronson N, Herwaldt BL, Libman M, Pearson R, Lopez-Velez R, Weina P, et al.

Diagnosis and treatment of leishmaniasis: clinical practice guidelines by the Infectious

13



438  Diseases Society of America (IDSA) and the American Society of Tropical Medicine and
439  Hygiene (ASTMH). Clinical infectious diseases 2016; 63:e202-¢64.

440  29. Lal C, Verma R, Verma N, Siddiqui N, Rabidas V, Pandey K, et al.

441  Hypertriglyceridemia: a possible diagnostic marker of disease severity in visceral

442  leishmaniasis. Infection 2016; 44:39-45.

443  30. Guegan H, Ory K, Belaz S, Jan A, Dion S, Legentil L, et al. In vitro and in vivo

444  immunomodulatory properties of octyl-B-D-galactofuranoside during Leishmania donovani
445  infection. Parasites & vectors 2019; 12:1-16.

446  31. Varela MG, de Oliveira Bezerra M, Santana FV, Gomes MC, de Jesus Almeida PR,
447  da Cruz GS, et al. Association between Hypertriglyceridemia and Disease Severity in

448  Visceral Leishmaniasis. The American Journal of Tropical Medicine and Hygiene 2022;

449  106:643.

450  32. Colomba C, Di Carlo P, Scarlata F, Iaria C, Barberi G, Fama F, et al. Visceral

451  leishmaniasis, hypertriglyceridemia and secondary hemophagocytic lymphohistiocytosis.
452  Infection 2016; 44:391-2.

453 33, Oliveira WN, Ribeiro LE, Schrieffer A, Machado P, Carvalho EM, Bacellar O. The
454  role of inflammatory and anti-inflammatory cytokines in the pathogenesis of human

455  tegumentary leishmaniasis. Cytokine 2014; 66:127-32.

456  34.  Maspi N, Abdoli A, Ghaffarifar F. Pro-and anti-inflammatory cytokines in cutaneous
457  leishmaniasis: a review. Pathog Glob Health 2016; 110:247-60.

458  35. da Silva RR, Vasconcelos FdSF, Tavares DdS, Dos Santos PL. Association between
459  interleukin 10 (IL-10) polymorphisms and leishmaniasis progression: a systematic review and
460  meta-analysis. Sci Rep 2022; 12:11136.

461  36. Bosch-Nicolau P, Ubals M, Salvador F, Sanchez-Montalva A, Aparicio G, Erra A, et
462  al. Leishmaniasis and tumor necrosis factor alpha antagonists in the Mediterranean basin. A
463  switch in clinical expression. PLoS Negl Trop Dis 2019; 13:¢0007708.

464  37. Semini G, Paape D, Paterou A, Schroeder J, Barrios-Llerena M, Aebischer T.

465  Changes to cholesterol trafficking in macrophages by Leishmania parasites infection.

466  Microbiologyopen 2017; 6:¢00469.

467  38. Kumar GA, Roy S, Jafurulla M, Mandal C, Chattopadhyay A. Statin-induced chronic
468  cholesterol depletion inhibits Leishmania donovani infection: relevance of optimum host
469  membrane cholesterol. Biochim Biophys Acta 2016; 1858:2088-96.

470

471

14



472
473
474
475
476
477

478
479

480
481
482
483

Table 1. Demographical and Clinical Characteristics of Patients with Cutaneous

Leishmaniosis.

Control subjects (n = 25) Patients (n = 50)

Female Male Female Male

(n=15) (n=10) n=30) | (=20
Age range (years) 20-30 20-30 20-30 20-30
Weight range (Kg) 50-75 60-80 50-75 60-80
Location of skin infection
Face 0 0 10 3
Hand 0 0 15 10
Feet 0 0 5 7
Erythematous 0 0 20 10
Local recurrence 0 0 2 4
Tumors 0 0 0 0

Table 2. The correlation coefficients between measured parameters in this study.
Correlation coefficient P-value

IL10 & IL12 0.22 0.414
IL10 & TNF-a 0.16 0.566
IL10 & TC -0.03 0.902
IL12 & TNF-a 0.57 * 0.026
IL12 & TC -0.34 0.213
TNF-0 & TC 0.11 0.682

Note: *Significant level: p<0.05. IL10: Interleukin-10, IL12: Interleukin-12, TNF-a. tumor

necrosis factor-alpha, TC: Total cholesterol
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485  Figure 1. Clinical appearance of some cases of the cutaneous leishmaniosis.

486

487

488  Figure 2. Immunofluorescent photos of leishmanial promastigotes (left photo: positive; right:
489  negative).
490
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Figure 3. Interactions of the cholesterol with selected cytokines possess diagnostic value in

the pathogenesis of cutaneous leishmaniosis. Proteins are demonstrated as spheres while

cholesterol is shown as capsule-shaped node. Stronger associations are represented by thicker

lines. Protein-protein interactions are shown in grey, chemical-protein interactions in green.
TRAFI1: TNF receptor-associated factor 2; TRAF2: TNF receptor-associated factor 2;
TNFRSF1B: tumor necrosis factor receptor superfamily, member 1B; IL10: interleukin-10;

IL10RA; interleukin-10 receptor, alpha,; ILI2RBI: interleukin-12 receptor, beta 1; ABC1A:

ATP-binding cassette, sub-family A (ABC1); APOAI: apolipoprotein A-I; APOB:
apolipoprotein B; CYP7A1: cytochrome P450, family 7, subfamily A, polypeptide 1,
HMGCR: 3-hydroxy-3-methylglutaryl-CoA reductase; LCAT: lecithin-cholesterol
acyltransferase; CYP11A1: cytochrome P450, family 11, subfamily A, polypeptide 1.
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510 Figure 4: The serum TC and cytokine profiles in CL patients (n=50) and Healthy Controls
511  (n=25). Average of a) TC, b) IL12, c) IL10, d) TNF-a. TC: Total Cholesterol, IL: interleukin;

512  TNF-a. tumor necrosis factor alpha; (**p<0.01).

18



	Immuno-Informatics Insight into Relationship Between Cholesterol and Cytokines in Cutaneous Leishmaniasis
	From clinics to computation

