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Abstract 22 

Cryptococcal meningoencephalitis is an emerging infection shifted from 23 

primarily ART- naive to being ART-experienced HIV/AIDS patients, COVID-19 24 

patients and also in immune competent individuals, mainly caused by the 25 

human opportunistic pathogen Cryptococcus neoformans, yet mechanisms of 26 

the brain or CNS dissemination remain to elucidate, which is the deadest 27 

process for the disease. Meanwhile, illustrations of clinically relevant responses 28 

in cryptococcosis were limited, as the low availabilities of clinical samples. In 29 

this study, macaque and mouse infection models were employed and miRNA-30 

mRNA transcriptomes were performed and combined, which revealed 31 

cytoskeleton, a major feather in HIV/AIDS patients, was a centric pathway 32 

regulated in both two infection models. Notably, assays of clinical immune cells 33 

confirmed an enhanced “Trojan Horse” in HIV/AIDS patients, which can be shut 34 

down by cytoskeleton inhibitors. Furthermore, we identified a novel enhancer 35 

for macrophage “Trojan Horse”, myocilin, and an enhanced fungal burden was 36 

achieved in brains of MYOC transgenic mice. Taking together, this study 37 

reveals fundamental roles of cytoskeleton and MYOC in blocking fungal CNS 38 

dissemination, which not only helps to understand the high prevalence of 39 

cryptococcal meningitis in HIV/AIDS, but also facilitates the development of 40 

novel drugs for therapies of meningoencephalitis caused by C. neoformans and 41 

other pathogenic microorganisms. 42 

Keywords: Cryptococcal meningoencephalitis; HIV/AIDS; Brain dissemination; 43 

Host-pathogen interactions; Macaque; miRNA transcriptome; Cytoskeleton; 44 

MYOC 45 
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Introduction 47 

Fungal invasive diseases are an increasing threat to global public health, 48 

lead to more than one million deaths every year, mainly caused by species of 49 

Candida albicans, Aspergillus fumigates and Cryptococcus neoformans. 50 

Cryptococcal meningoencephalitis (CM) was the leading diseases among 51 

fungal meningoencephalitis, caused 181,000 deaths annually, with mortality 52 

rates of 100% if untreated[1]. Recent studies showed that the prevalence and 53 

mortality has not been decreased, and the appeals for actions on CM was 54 

raised[2,3]. Additionally, CM is a major risk for HIV/AIDS patients with 77%-90% 55 

prevalence, leading to about 15% deaths of HIV/AIDS patients annually[4]. In 56 

the era of ART (antiretroviral therapy), CM is also an emerging infectious 57 

disease, shifted from primarily ART- naive to more than 50% being ART-58 

treated[2]. Seriously, morbidity of cryptococcosis in immune competent is 59 

increasing rapidly in China, Australia, Canada, and other countries and 60 

regions[4-8]. Importantly, COVID-19 patients suffered from secondary 61 

cryptococcus infections, suggesting cryptococcosis is an important issue in the 62 

post-COVID-19 era [9-12]. Fungal central nervous system (CNS) dissemination 63 

is the lethal procedure, which is vital for both fungal colonization and fungal 64 

clearance, but lack of mechanisms from in vivo or clinical studies.  65 

To date, massive researches have focused on CNS invasion during fungal 66 

meningitis and numerous milestones achieved, including the facts that 67 

cryptococci interact with brain epithelial cells directly and indirectly by 68 

microscopy or electron microscope[13-16]. These researches are mainly 69 

performed on cell lines, mice, zebra fish or rabbits[17], However, clinically 70 

relevant evidences were limited, as the unavailability of clinical samples. 71 

Cryptococcal meningoencephalitis are predominant prevalent among immune 72 

compromised patients, especially HIV/AIDS patients [18-20]. Mechanisms from 73 

clinical HIV/AIDS patients were the most direct approach to cryptococcus 74 

meningoencephalitis. Dysfunctional cytoskeleton of immune cell was one of 75 

pathological features in HIV/AIDS patients[21]. Meanwhile, previous studies 76 

indicated that C. neoformans infections also disturbed cytoskeleton pathways 77 

in mice and human brain microvascular endothelial cells[22,23]. No evidence 78 

has revealed the mechanisms between dampened cytoskeleton and 79 
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cryptococci brain dissemination. Identification relationships between the 80 

cytoskeleton and fungal infections may provide novel mechanisms of fungal 81 

pathogenesis and targets for drug development in mycosis. 82 

Furthermore, responses of hosts during infectious diseases are often 83 

divided into DNA, mRNA and protein levels, and also, the processes of post 84 

transcriptional and translational modifications[22,24,25]. Previous studies 85 

identified many responses at mRNA, protein and post translational levels, 86 

including key pathways and modulators, such as mineral metabolism, IL-17 87 

signaling pathway, sugar metabolisms, OCSTAMP, IL-5, IL-13 and IL-17A 88 

[22,24,26-31]. Post transcriptional modifications, assumed by miRNAs, also 89 

play important roles in mRNAs and proteins biosynthesis. Recently, several 90 

studies have demonstrated key functions of non-coding RNAs during C. 91 

neoformans infections in vitro, However, little was known in vivo[32-35].  92 

In this study, to mimic human responses, macaques were employed, and 93 

in vivo miRNA-mRNA network was constructed. We found that cytoskeleton 94 

pathway is the core pathway regulated by C. neoformans in both macaque and 95 

mice. Moreover, assays of clinical immune cells confirmed an enhanced “Trojan 96 

Horse” in HIV/AIDS patients, and intervention of cytoskeleton pathway was able 97 

to disturb “Trojan Horse”. Furthermore, cytoskeleton associated gene, MYOC, 98 

were identified as important factors for “Trojan Horse” by THP-1 cells and 99 

transgenic mice. Collectively, these findings demonstrate global responses at 100 

miRNA-mRNA regulatory level, reveal novel modulators for fungal invasion and 101 

benefit novel therapies for fungal infectious diseases.  102 
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Materials and Methods 103 

Ethics statement 104 

All work with human cells was reviewed and approved by the Medical 105 

Research Ethics Committee of the First Affiliated Hospital of China Medical 106 

University (2021-63-2). Animal infection experiments in macaques and mice 107 

were reviewed and ethically approved by the Research Ethics Committees of 108 

the College of Life and Health Sciences of Northeastern University (16099M) 109 

and Wincon TheraCells Biotechnologies Co., Ltd. (WD-20150701-a). All animal 110 

experiments were carried out according to the Guide for the Care and Use of 111 

Laboratory Animals issued by the Ministry of Science and Technology of the 112 

People's Republic of China. 113 

Animal Infection 114 

Macaques and mice were purchased from Grandforest Co., Guangxi, 115 

China and Changsheng Biotech, China, respectively, and infections were 116 

performed same to the previous article[22]. Briefly, six female macaques were 117 

divided into two groups. Monkeys were anesthetized by ketamine (10 mg/kg) 118 

intraperitoneally injection (IP), and then infected via intratracheal injection with 119 

108 cells/kg C. neoformans H99 cells. Controls were infected using the same 120 

volume of PBS. Mice were anesthetized and infected intranasally with 105 121 

fungal cells. Macaque and mice were monitored for signs of infection and 122 

humanely killed at day 7 or 14 post infections, or used for survival rates 123 

detections. 124 

miRNA sequencing and analysis 125 

Total RNA was isolated using TRIzol. Assessments of RNA were done 126 

using a NanoDrop 8000 spectrophotometer. Small RNA-seq libraries were 127 

prepared by using TruSeq® Small RNA Library Prep Kit according to the 128 

manufacturer’s protocol. miRNA libraries construction and sequencing were 129 

entrusted to Shanghai Personal Biotechnology Co., Ltd. (China), and then 130 

single-end sequencing was conducted by Illumina NextSeq 500 platform. Raw 131 

data were obtained, clean and unique reads were mapped to corresponding 132 
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genomes by bowtie. Expression of miRNAs were identified by using 133 

quantifier.pl in Mirdeep2 based on miRBase21. Differentially expressed 134 

miRNAs were calculated by DESeq.  135 

Quantitative PCR of miRNAs 136 

Total miRNAs were isolated by miRNeasy Mini Kit (QIAGEN) according to 137 

the manufacturer‘s manual. First strand cDNA was synthesized using random 138 

oligonucleotides and miRcuRY LNA Univerersal RT microRNA PCR Universal 139 

cDNA Synthesis Kit Ⅱ  (EXIQON, USA), U6 was employed as an internal 140 

reference. Primers (Table S4) were designed by using miRprimer and the best 141 

primer pairs were selected[36]. RT-qPCR was performed by miRcuRY LNA 142 

Univerersal RT microRNA PCR Exilent SYBR master mix (EXIQON, USA)) and 143 

StepOne Plus. 144 

Histopathology, colony forming units (CFU) and survival rates 145 

assessments 146 

Lung tissues were collected from macaque and mice, as described 147 

previously [22]. For histopathology analyses, tissue samples were fixed with 148 

paraformaldehyde, frozen, and processed using a cryostat microtome (CM1850; 149 

Leica). Tissue sections of 10 μm in thickness were stained with mucicarmine or 150 

hematoxylin/eosin. For CFUs determination, homogenized lung and brain 151 

tissues were diluted and plated onto YPD plates and then incubated at 30°C for 152 

two days. Colonies were counted and calculated. For survival rates detection, 153 

C57BL/6 mice were divided randomly. Body weight was examined. Fifteen 154 

percentage decrease of initial body weight was identified physiological endpoint.  155 

Construction of MYOC overexpressed THP-1 cell line and THP-1 derived 156 

macrophages (TDMs) differentiation 157 

MYOC gene was cloned into pCDH-EF1𝛼-MCS-T2A-Puro plasmid. 158 

Lentivirus was packaged by using jetPRIME® DNA & siRNA Transfection 159 

Reagent (polyplus) according to instructions. Infections of THP-1 were 160 

performed by centrifugation at 1200 × g at 37 oC in 24-well plates for 2h. 161 
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Screening of puromycin resistance was conducted 72h post transduction for 2 162 

weeks at 5 µg∙mL-1. TDMs were differentiated for 48h in RPMI-1640 medium 163 

(10% FBS) containing 1% penicillin/streptomycin and 250 ng/mL PMA (Sangon 164 

Biotech, China). 165 

Human monocytes isolation and monocyte derived macrophages (MDMs) 166 

induction 167 

PBMC were isolated by Ficoll-Paque PLUS density gradient media (Cytiva). 168 

Blood samples were centrifuged in a swing bucket rotor at 400 × g for 30 169 

minutes at 25 oC with acceleration set at 5 and break at zero, and followed by 170 

purification in cold PBS for 2 times and centrifuged at 300 × g for 10 minutes at 171 

4 oC with acceleration and break set at 5. 1×106 PBMC were seeded onto 48-172 

well plates in RPMI-1640 media without FBS for 1h to stick monocytes, and 173 

fresh RPMI-1640 medium (10% FBS) containing 1% penicillin/streptomycin and 174 

50 ng/mL M-CSF was exchanged, and fresh medium was renewed at days 3 175 

and 6 during monocytes differentiation. MDMs were ready to use on day 7. 176 

Phagocytosis effectivity, killing and transmigration assessments 177 

MDMs or TDMs were seeded on 48-well plates at 100,000 cells per well 178 

24h before fungi interaction. GFP-expressed strains (H99) were incubated 179 

overnight at 30 oC, washed, opsonized by 18B7(1mg∙L-1) at room temperature 180 

for 30 min. Incubate fungal cells with macrophages in CO2 incubator overnight 181 

at MOI 1:10. Macrophages and fungal cells were washed 5 times with PBS 182 

buffer thoroughly and then digested by trypsin. Phagocytosis effectivity was 183 

detected by flow cytometry. For killing tests, after fungi and macrophage 184 

incubation (24h), supernatant was collected and cells were washed and 185 

collected. Total lysates and supernatant were diluted and plated on YPD agar 186 

plates and colonies were counted and calculated 48h post incubation at 30°C. 187 

Migration of THP-1 and MDMs were performed by trans-well. 188 

Construction of MYOC transgenic mice 189 

MYOC transgenic mice were produced by Beijing View Solid 190 

Biotechnology, China. The linear plasmid pCAG-MYOC cut by the BstEII 191 
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restriction enzyme (NEB) was purified, which were injected into zygotes of 192 

C57BL/6 mice in M2 media (Millipore) using a FemtoJet micromanipulator 193 

(Eppendorf, Germany). Microinjected zygotes were transferred into pseudo 194 

pregnant female mice. All mice were maintained in a specific pathogen-free 195 

facility. Genotype identification was performed by PCR and sequencing from 2-196 

week-old newborn mice with primers (Table S4). Transgenic mice were mated 197 

with wild-type C57BL/6 mice to obtain heterozygous mice and colony 198 

expansion.  199 

Bioinformatics Analysis 200 

Targeted genes of miRNAs were predicted using miRWalk 3.0 [37]. 201 

Regulatory network miRNA-mRNA was constructed by Cytoscape. Gene 202 

ontology and KEGG analyses were performed using R version 4.1.2, 203 

clusterProfiler v4.2.0, org.Hs.eg.db version 3.14.0, org.Mm.eg.db version 204 

3.14.0 packages, and plotted by ggplot2 version 3.3.5. KEGG of miRNAs was 205 

performed by using a web-based application named miEAA [38] and plotted by 206 

ggplot2. Heatmap of expression was generated by Pheatmap version 1.0.12. 207 

Homology analysis was performed based on miRbase search engine database 208 

(https://www.mirbase.org/search.shtml). 209 

Statistics and reproducibility 210 

All experiments were performed at least biologically triplicated to ensure 211 

reproducibility. Statistics of phagocytosis effectivity, RT-qPCR, CFU were 212 

calculated using GraphPad Prism 9.0. An unpaired or paired student t test was 213 

performed. When the p-value was less than 0.05, statistical significance was 214 

recognized. 215 

Data and Software Availability 216 

The RNA-seq raw data files have been deposited in NCBI’s Gene 217 

Expression Omnibus (GEO) with GEO Series accession ID GSE122785 218 

previously[22]. Raw data of microRNA-seq was ready and open to researchers 219 

and can be provided upon request. 220 

Author Contributions 221 

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 17, 2022. ; https://doi.org/10.1101/2022.02.14.480319doi: bioRxiv preprint 

https://doi.org/10.1101/2022.02.14.480319
http://creativecommons.org/licenses/by/4.0/


 

 

9 

H.S. and C.D. conceived the project. H-L.L., X-X.H., W-Q.G. and C.D. 222 

designed the study. T.L., S.Y., and C.D. performed the monkey infection 223 

experiments. H-L.L., W.D., Y.M. Q-J.L. Y-J.L. and T-S.S. performed mouse 224 

infection experiments. H-L.L., X-L.L., M-H.A., Y.Q., H.Z., X-D.G. and Z-N.Z. 225 
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Results  230 

MicroRNA transcriptomics in macaque and mouse during cryptococcal 231 

pneumonia. 232 

We have previously unveiled responses in macaque and mouse at 233 

transcriptional level and identified several regulators and pathways during C. 234 

neoformans infections[22]. To investigate global responses at post 235 

transcriptional level, microRNA transcriptomes were performed using lung 236 

tissues isolated from macaque and mouse infection models (Figure 1), and 237 

miRNA-mRNA network was constructed, which gave a comprehensive 238 

response in cryptococcosis clinically relevant. 239 

Pathologies of macaque and mouse lung tissues were confirmed by 240 

histopathology observations using mucicarmine and hematoxylin/eosin staining, 241 

showing the capsular structure of C. neoformans (Figure2 A, B). Total RNAs 242 

were extracted and miRNA transcriptomes were performed. Total and unique 243 

reads from omics were calculated, with a number of more than 107 of total read 244 

and 106 of unique read (Figure S1A). Read number around 22 nucleotides were 245 

the most abundant (Figure S1 B, C). The clean read files were used to map the 246 

corresponding genome based on species specificity in miRBase21. However, 247 

macaque has few miRNA annotations, as which miRNA annotations of humans 248 

were employed for macaque. As a result, there are 1038 and 1166 expressed 249 

miRNAs in lung tissues from macaques and mice (Table S1). Principal 250 

component analyses (PCA) were analyzed by using read number of each 251 

detected miRNA, as shown in Figure 2 C, D, both infected and uninfected 252 

samples were reproducible. Differentially expressed miRNAs were performed 253 

by DESeq. Heatmaps of differentially expressed items were generated, with 32 254 

miRNAs (4 down regulation and 28 up regulation) in macaque and 29 (5 down 255 

regulation and 24 up regulation) in mouse, shown as two clusters by column 256 

(Figure 2 E, F).  257 

Core responses of host derived from miRNA-mRNA Integrative analyses. 258 

To mine and mimic responses in human cryptococcosis extremely, 259 

homology analyses were performed (Figure 3A). Eight miRNAs were co-260 
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regulated in macaque and mouse during C. neoformans infections. Information 261 

about the 8 miRNAs were displayed, including IDs, foldchanges and 262 

homologous e-values, and RT-qPCRs were performed in mouse for the 8 263 

miRNAs, which were consistent with the miRNA-Seq data (Figure 3 B, C, D).  264 

Targets of the 8 co-regulated miRNAs were predicted, then mapped to 265 

RNA-Seq, and omics of miRNA and mRNA were integrated (Figure S2). The 266 

core regulatory target mRNAs, co-regulated by the 8 co-regulated miRNAs, 267 

were selected for a mini miRNA-mRNA network, with 233 target mRNAs 268 

identified, including OCSTAMP, DC-STAMP, IL17A TNF and LIF, which 269 

demonstrated anti-microbial activities (Figure 3E). KEGG and GO analyses 270 

were performed of the 8 co-regulated and 223 co-regulated targets (Figure 4, 271 

Figure S3, Table S2 and Table S3). KEGG pathways associated immune 272 

system, lung diseases, and infectious diseases were significantly enriched in 273 

both miRNA and mRNA level, such as TNF signaling pathway, Cytokine-274 

cytokine receptor interaction, Osteoclast differentiation, small cell lung cancer, 275 

non-small cell lung cancer and Influenza A (Figure S3). GO analyses identified 276 

terms involved cytokine activity, histone, immune cells, monocyte, myeloid 277 

leukocyte and cell cycle were significantly varied by C. neoformans (Figure 4). 278 

Interestingly, actin binding, microtubule and their associated complex, which 279 

constitute cytoskeleton system, were highly enriched in GO analyses, including 280 

cellular component, molecular function and biological process. These results 281 

indicated a potent function of cytoskeleton in cryptococcosis.  282 

“Trojan Horse” was enhanced in HIV/AIDS patients and can be dampened 283 

by cytoskeleton pathway inhibitor. 284 

Dysfunctional cytoskeleton of immune cell was one of pathological features 285 

in HIV/AIDS patients, who are the predominately population for cryptococcal 286 

meningoencephalitis. Based on PSM (Propensity Score Matching, PSM), 100 287 

HIV patients and 200 healthy individuals were compared, number and 288 

percentage of monocytes were significantly enlarged in HIV patients (Figure 289 

5B). To reveal the functions of host cytoskeleton during the battle between host 290 

and C. neoformans, phagocytosis and transmigration of MDMs from 9 291 

HIV/AIDS patients and 8 healthy volunteers were compared (Figure 5A). As 292 
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shown in Figure 5C, effectivities of phagocytosis were enhanced in HIV/AIDS 293 

patients, and more interestingly, the lifted MFI indicated more fungal cells were 294 

phagocyted or more intracellular proliferation in HIV/AIDS. Transmigration of 295 

MDMs has no change between HIV and healthy volunteers (data not shown), 296 

but positively correlated to capacities of phagocytosis (Figure 5D). 297 

In order to confirm the association of phenomenon from HIV/AIDS patients 298 

with cytoskeleton, R10015, a cytoskeleton pathway inhibitor, was employed, 299 

which targets LIM Kinase (LIMK) powerfully in cytoskeleton pathway[39]. Based 300 

on the growth curve, 14.815 µM was selected (Figure S4A). THP-1 derived 301 

macrophages and human monocyte derived macrophages were employed and 302 

pre-treated by R10015 for 2h, washed and then incubated with opsonized C. 303 

neoformans overnight. As shown in figures, R10015 inhibited capacities of 304 

phagocytosis and migration of macrophages derived from both THP-1 cell lines 305 

and primary monocytes from human (Figure 5 E, F and G, H), however, R10015 306 

did not affect the killing in TDMs in and MDMs (Figure 5 I, J). These results 307 

confirmed the vital roles of cytoskeleton in macrophage “Trojan Horse”. 308 

MYOC is an inhibitor for cryptococci brain dissemination by modulating 309 

macrophage “Trojan Horse” 310 

To identify functions of cytoskeleton during C. neoformans infections, 311 

genes associated with cytoskeleton were screened, and myocilin was selected, 312 

a tubulin binding protein, encoded by MYOC gene, which was one of the centric 313 

modulators in miRNA-mRNA regulatory network and down regulated 314 

significantly during C. neoformans infections in both macaque and mouse 315 

(Figure 6 A, B). Meanwhile, MYOC was elevated in HIV/AIDS patients (Figure 316 

6C). Previous studies revealed the protein was involved with cell migration and 317 

adhesion[40].  318 

To explore functions of MYOC, MYOC overexpressed THP-1 cell lines 319 

were constructed and mRNA levels of MYOC were quantified by RT-qPCR, 320 

which showed a 10-fold induction compared to mock cells (Figure 6D). 321 

Phagocytosis, migration and killing of macrophage cells in MYOC gene-edited 322 

cell lines were examined (Figure 6 C, E, F, G). Phagocytosis effectivity was 323 

increased significantly in TDMs when MYOC was overexpressed (Figure 6E). 324 
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Killing capacity was also enhanced by MYOC overexpression, as shown in 325 

Figure 6G, less lived C. neoformans were detected by CFU assays. However, 326 

no changes were observed in migration assays (Figure 6F).  327 

To evaluate functions of MYOC in vivo, MYOC- transgenic mouse was 328 

generated and employed (Figure 6H), which was confirmed by PCR (Figure 6I). 329 

Six-eight weeks old mice were used for CFU assessments and survival rates. 330 

To our surprise, CFU of brains was enhanced in MYOC transgenic mice, either 331 

in male or female groups (Figure 6J), however, lung CFU was decreased in 332 

females, while no changes in the male group (Figure 6K). Consistent with CFU 333 

assays, MYOC transgenic mice showed reduced survival times compared to 334 

wild type mice observed in survival rate tests (Figure 6L, S4B). 335 

  336 
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Discussion  337 

Cryptococcal meningoencephalitis is an emerging disease with high 338 

mortality, even under the ART conditions currently, and deserved more 339 

attention in post-COVID-19 era [1-3,9-12]. Brain dissemination is the lethal 340 

procedure. However clinically relevant mechanisms were limited[13-17]. In this 341 

study, we demonstrated the landscape at transcriptional and post 342 

transcriptional levels in mouse and macaque infection models, which were 343 

employed for mimicking and unveiling responses at miRNA-mRNA regulatory 344 

levels in humans. Previously studies indicated mouse was the most used 345 

animal model, however, varied from humans a lot, such as the process of 346 

immune cells maturation. Our data from M. fascicularis, 92.83% sequence 347 

identity to human, a little more clinically relevant, may serve as a database for 348 

cryptococcosis or mycosis. To investigate core responses during C. 349 

neoformans infections, miRNA-mRNA combined, GO and KEGG analyses 350 

were performed. Eight key miRNAs were identified in our omics, such as 351 

miR-146a, miR-223 and miR-155, which were induced in monocytes by co-352 

culture with C. neoformans in vitro[32]. We did not focus on the functions of 353 

unique miRNAs, and we characterized cytoskeleton pathway as a core 354 

regulatory modulator based on enrichment analyses of miRNAs and their 355 

targets. Previous studies identified C. neoformans disturbed cytoskeleton when 356 

interacted with brain endothelial cells[23].  357 

Our data identified the fundamental roles of cytoskeleton during “Trojan 358 

Horse” formation, and provided potential targets for novel “orphan drug” 359 

development. Studies have indicated the relationship between cytoskeleton 360 

and fungal infections[23,41-44]. However, no mechanisms and in vivo studies 361 

to conform. Previous studies highlighted important roles of “Trojan horse” by 362 

macrophages during fungal CNS invasion, and the processes are cytoskeleton 363 

dependent. Studies have demonstrated migration, adhesion and phagocytosis 364 

are key features for phagocytes[45]. Our studies illustrated the basic functions 365 

of cytoskeleton dynamics on capacities of phagocytosis and migration of 366 

macrophages, which can be shut down by cytoskeleton inhibitors, However, 367 

small molecule drugs, such as vanadate, cytochalasin D, Y27632 and R10015 368 
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are mainly toxic to human [23,39,46]. The toxicity involves fundamental roles of 369 

innate immunity and acquired immunity of macrophages, NK cell and T cells, 370 

who also play important roles during fungal, bacterial and virus infections. 371 

Overcoming toxicity of cytoskeletal inhibitors is the main barrier to clinical 372 

application. 373 

Further analyses revealed that dysfunctional cytoskeleton may account for 374 

the high prevalence of cryptococcal meningitis in HIV/AIDS patients. Studies 375 

indicated a similar variation of cytoskeleton pathway during HIV infection and 376 

C. neoformans or A. fumigates infections [23,42,43,47,48]. Indeed, C. 377 

neoformans is an environmental yeast globally ubiquitous, and easily 378 

accessible for all individuals[49]. However, why do these happen much more in 379 

HIV/AIDS? Previous studies suggested the decreased number of CD4 T cell 380 

was a high risk, however contradictory to the high prevalence of high level CD4 381 

T cells who are ART experienced[50-52]. Another hypothesis is the high 382 

exposure to C. neoformans environment, but, inconsistent with the low 383 

prevalence of other people in the same environment[53]. Our data suggest the 384 

dampened cytoskeleton structure maybe the reason. In HIV/AIDS patients, 385 

numerous studies have proved cytoskeleton was dampened in immune cells of 386 

PBMC[39,48,54], which contributes to fungal cells CNS invasion by “Trojan 387 

Horse”. Furthermore, a recent study proved vomocytosis was enhanced by HIV 388 

infection in macrophage[55], which process was also regulated by the 389 

cytoskeleton.  390 

We identified MYOC as a novel modulator for fungal invasion by regulation 391 

on macrophages. Our data showed a repression of MYOC in C. neoformans 392 

infections and a reduction in HIV infections. Myocilin was proved co-localized 393 

with microtubules, endoplasmic reticulum (ER), and Golgi apparatus[56,57] and 394 

overexpression of MYOC induces a loss of actin stress fibers[58]. Studies 395 

showed myocilin promotes cell migration and phagocytic activities of human 396 

trabecular meshwork cells[40,59,60]. In our work, overexpressed MYOC in 397 

TDMs elevated phagocytic activities and migration, which induced more 398 

intracellular cryptococci and enhanced effects of “Trojan Horse”. These 399 

indicated MYOC may the effector for cryptococcoses secondary to HIV/AIDS. 400 
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In conclusion, our findings therefore described global miRNA-mRNA 401 

regulatory responses during C. neoformans in primate and rodent animal 402 

models, which serves as a clinically relevant database for fundamental and 403 

clinical research. We highlight the importance of MYOC and cytoskeleton 404 

pathways during Cryptococcus meningoencephalitis and underscores their 405 

critical functions in the formation of “Trojan Horse” (Figure 7). This study 406 

provides critical roles of cytoskeleton on fungal CNS invasion, reveals the 407 

directly reasons for the high prevalence of cryptococcal meningitis in HIV/AIDS, 408 

and facilitates possibilities for novel anti-fungal drugs development. 409 

  410 
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Figure legends 614 

Figure 1. Flow chart for animal infections and RNA sequencing 615 

Six macaques and mice were divided into two groups randomly and infected by 616 

H99 intranasally. Lung tissues were isolated 7 days post infections. Total RNAs 617 

were isolated for mRNA-seq and miRNA-seq followed by confirmation of 618 

histopathology. Differentially expressed miRNA-mRNA regulatory network was 619 

constructed. Figure 1 was created with BioRender.com 620 

Figure 2. miRNA-Seq of mice and macaques in response to C. neoformans 621 

A B. Histopathology observation of infected macaque and mouse lung 622 

tissues. Lung tissues from macaque and mouse were fixed and sectioned at 623 

10 µm thickness and stained by using mucicarmine. Red arrows indicate C. 624 

neoformans cells, scale bar = 10 µm. 625 

C D. PCAs of miRNA-Seq data.  626 

E F. Heatmaps of differentially expressed miRNAs. miRNAs with p-value ≤ 627 

0.05, fold change≥ 2 were considered as differentially expressed. 628 

Figure 3. Core regulatory machinery of miRNA-mRNA network during C. 629 

neoformans infections. 630 

A. Schedule of identification of homologous miRNA. miRNAs of macaque 631 

were used for searching homologous miRNAs in miRbase. 632 

B. Venn diagram of differentially expressed miRNAs. 633 

C. Information of 8 co-regulated miRNAs.  634 

D. RT-qPCR of the 8 co-regulated miRNAs in mouse. Three biological 635 

replicates were performed. Mean and SEM were shown. Unpaired student t test 636 

was performed. *p < 0.05, ** p < 0.01, or ***p < 0.005. 637 
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E. miRNA-mRNA core regulatory network. Differentially expressed target 638 

genes of 8 co-regulated miRNAs were shown. The whole network is shown in 639 

Figure S3. 640 

Figure 4. GO analyses of co-regulated miRNAs and mRNAs in macaque 641 

and mouse during C. neoformans infections.  642 

A. GOs of miRNAs calculated by miEAA. B. GOs of target mRNAs 643 

enriched by Clusterprofiler. Eight co-regulated miRNAs and co-regulated 644 

mRNAs from Figure 4E were employed for GO analyses, respectively. Top 10 645 

or all significantly enriched GO terms were plotted. Green, blue and red 646 

columns represent cellular component, molecular function and biological 647 

process, respectively. 648 

Figure 5. “Trojan Horse” was enhanced in HIV/AIDS patients 649 

A. Strategies for phagocytosis assessment by flow cytometry. 650 

Cryptococcal internalization was determined by flow cytometry using GFP-651 

expressed H99. During flow cytometry, single cells were selected, cells with 652 

negative Uvitex 2B were considered as phagocytes, and in which FITC positive 653 

cells were fungi internalized (Uvitex 2B -/ FITC +). 654 

B. Number and percentage of monocytes between HIV patients and healthy 655 

individuals from clinical data 656 

C. Phagocytosis effectivity of MDMs from HIV patients and healthy individuals 657 

D. Correlation of phagocytosis and migration in MDMs from HIV patients. 658 

E, F. Phagocytosis effectivity was inhibited by R10015 in TDMs(E) and MDMs(F) 659 

G, H. cells migration was dampened by R10015 in THP-1(G) and MDMs(H).  660 

I, J. R10015 does not affect killing C. neoformans in THP-1(I) and MDMs(J).  661 

Figure 6. MYOC enhanced C. neoformans brain invasion by modulating 662 

macrophage “Trojan Horse” 663 

A. miRNAs-mRNA network during C. neoformans infections. 664 
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B. Normalized MYOC reads in mouse and macaque in response to C. 665 

neoformans.  666 

C. Intensity of MYOC protein from comparative proteomes between HIV and 667 

AIDS patients. 668 

D. Relative expression level of MYOC in MYOC gene edited THP-1 cell lines. 669 

E. Effectivity of phagocytosis in MYOC overexpressed THP-1 derived 670 

macrophages by flowcytometry. Four biological replicates were performed. 671 

Unpaired Student t test was performed. * p < 0.05. 672 

F. Capacity of migration in MYOC overexpressed THP-1 cell lines. 673 

G. Killing tests of MYOC overexpressed THP-1 derived macrophages.  674 

H. Photo of MYOC transgenic mice. The cute picture is one of our MYOC 675 

transgenic mice,5-week-old, which showed healthy and eye-functioned. 676 

I. MYOC gene fragment was checked by agarose electrophoresis in MYOC 677 

transgenic mice. Genome DNA was isolated and PCR and electrophoresis 678 

were performed. Target PCR products was 498 bp. 679 

J, K. CFU assessments of MYOC transgenic mice, brain(J) and lung(K) 680 

tissues. Seven MYOC transgenic mice (3 male and 4 female) and 8 wild type 681 

mice (4 male and 4 female) from the same cages were used for CFU assays. 682 

Unpaired Student t test was performed. * p < 0.05. 683 

L. Survival tests of MYOC transgenic mice. Eleven MYOC transgenic mice 684 

(5 male and 6 female) and 9 wild type mice (3 male and 6 female) from the 685 

same cages were used for survival assays. Log-rank (Mantel-Cox) test was 686 

employed for statistical analysis. * p < 0.05. 687 

Figure 7. Conceptual graph of HIV triggered cryptococcal 688 

meningoencephalitis 689 

HIV-1 infections trigger cytoskeleton dynamics by induction of MYOC protein, 690 

enhance macrophage “Trojan Horse” and induce cryptococcus 691 
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meningoencephalitis (shown in blue lines). Inhibitions of cytoskeleton pathways 692 

or MYOC dampen “Trojan Horse” and decrease the number of cryptococci in 693 

the brain (shown in red lines). Figure 7 was created with BioRender.com 694 

Supporting information  695 

Figure S1. Read number of miRNA-Seq.  696 

A. Total and unique read number of miRNA-Seq. 697 

B. Distribution of different lengths of nucleotides from macaques.  698 

C. Distribution of different lengths of nucleotides from mice.  699 

Figure S2. Network of miRNA-mRNA during cryptococcal pneumonia. 700 

Figure S3. KEGG analysis of co-regulated miRNAs and targeted mRNAs.  701 

Figure S4. Growth curve of C. neoformans and body weight loss of mice 702 

in survival rates.  703 

A. Growth curve of H99 in different concentrations of R10015.  704 

B. Body weight of mice. Blue line indicated wild type control group and red 705 

line MYOC transgenic mice. Dash dot lines represent 85% of the initial average 706 

body weight.  707 

Table S1. Differentially expressed miRNAs in macaque and mouse lung tissues 708 

during C. neoformans infections. 709 

Table S2. GO and KEGG analyses of 8 co-regulated miRNAs in response to 710 

C. neoformans infections. 711 

Table S3. GO and KEGG analyses of target genes for co-regulated 8 miRNAs 712 

in mouse and macaque. 713 

Table S4. Primers used in the study. 714 

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 17, 2022. ; https://doi.org/10.1101/2022.02.14.480319doi: bioRxiv preprint 

https://doi.org/10.1101/2022.02.14.480319
http://creativecommons.org/licenses/by/4.0/


.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 17, 2022. ; https://doi.org/10.1101/2022.02.14.480319doi: bioRxiv preprint 

https://doi.org/10.1101/2022.02.14.480319
http://creativecommons.org/licenses/by/4.0/


Rep_3

Rep_1

Rep_2

Rep_3

Rep_1

Rep_2

Macaque lung tissues Mouse lung tissues

E F
mmuímiRí205í5p
mmuímiRí204í5p
mmuímiRí124í3p
mmuímiRí9í3p
mmuímiRí9í5p
mmuímiRí1247í3p
mmuímiRí147í3p
mmuímiRí21aí5p
mmuímiRí135bí5p
mmuímiRí147í5p
mmuímiRí155í3p
mmuímiRí146bí3p
mmuímiRí299bí5p
mmuímiRí134í5p
mmuímiRí299aí5p
mmuímiRí511í5p
mmuímiRí155í5p
mmuímiRí223í5p
mmuímiRí146bí5p
mmuímiRí511í3p
mmuímiRí449aí3p
mmuímiRí154í3p
mmuímiRí184í3p
mmuímiRí409í3p
mmuímiRí135bí3p
mmuímiRí21aí3p
mmuímiRí665í3p
mmuímiRí449aí5p
mmuímiRí449cí5p

hsaímiRí154í5p
hsaímiRí3934í5p
hsaímiRí376aí5p
hsaímiRí136í5p
hsaímiRí222í5p
hsaímiRí21í3p
hsaímiRí155í5p
hsaímiRí132í3p
hsaímiRí516aí5p
hsaímiRí378h
hsaímiRí675í5p
hsaímiRí146bí5p
hsaímiRí5690
hsaímiRí212í5p
hsaímiRí223í5p
hsaímiRí501í5p
hsaímiRí942í5p
hsaímiRí7í5p
hsaímiRí33bí3p
hsaímiRí378i
hsaímiRí132í5p
hsaímiRí3155a
hsaímiRí146aí3p
hsaímiRí147bí3p
hsaímiRí548hí5p
hsaímiRí148aí5p
hsaímiRí212í3p
hsaímiRí155í3p
hsaímiRí146bí3p
hsaímiRí1290
hsaímiRí372í3p
hsaímiRí21í5p

-1.5-1-0.500.511.5

Normalized read number

Uninfected Infected Uninfected Infected

Rep_1

Rep_2

Rep_3

Rep_1

Rep_2

Rep_3

20

0

-20

-40
-20 -10 0 10 20 30

D
im

2(
21

.2
%

)

Dim1(31.3%)Dim1(32.5%)

D
im

2(
20

.3
%

)

-20 -200

20

10

0

-10

-20

-30

Uninfected_1

Infected_3

MouseMacaque

Uninfected_2

Uninfected_3
Uninfected_1

Uninfected_2

Uninfected_3Infected_2 Infected_1

Infected_2

Infected_3

Infected_1

Mouse lung TissueMacaque lung Tissue

A B

C D

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 17, 2022. ; https://doi.org/10.1101/2022.02.14.480319doi: bioRxiv preprint 

https://doi.org/10.1101/2022.02.14.480319
http://creativecommons.org/licenses/by/4.0/


FOXP3

PLA1A

CDC45CCNF

HMOX1

DCSTAMP OCSTAMP
IL17A

CCL8

CCL7

SYNM

SPP1

C3

EFCC1

RTN4RL2

SPDEF

IL2RA

LGALS3

HASPIN

TPX2

MAFB

ADRB3

CPA3

PLAU

EGR2

CDCA8

CSF2RB

SLC2A1

TRIM29

FOXA3
EGLN3

MSR1

TREML1

APLNR

NDC80

MS4A4A

SPC24

CD84

PTGS1

GSDME

GSG1

UPK2

TIMP1

CDCA2

SPAG5

LAT2

BIRC5 PIMREG

FGL1

KCNN4

PTAFR

PIM1

TGFBI

CPM

CKAP2

CCL1

VSIG1

TPBGL

TIGIT

CCR4

BHLHE40

MATK

COTL1

LAP3

ACKR1

GDF15

FGGY

LIF

SOCS3

ZC3H12A

PIGR

CTSH

STIL

SNX20

SLC1A2
ITGB2

PROCR

TTC39C

TFEC

SOCS1

CORIN

SCIMP

CCR1

GPNMB

TOP2A

DLGAP5

CXCL3

LRP8

NUSAP1

CTSD

CEP55

CD80

MREG

YBX2
ITGAX

TSPO2

MMP14

LPXNBCL3

GLRX

TNFRSF4

STEAP1

KYNU

RNF19B

BASP1

NUF2

COL2A1

SLAMF8

CCNB2

PRC1

ADM2

TNIP3

LCN2

SGO1
TNF

MELTF
SH3PXD2B

KIFC1

IQGAP3

SLC7A5 MYC

CDKN1A

AZGP1

PCDH12

TNFSF15

INHBA

ADCY1
SAPCD2

CCR5

METTL7B

KIF26B

IFI30

AURKA

TNFSF11

SLC39A14CDCA5

RGS16

PLK1

TRIP13

CTSZ

CLEC4D

CDCA3

IL4I1

PDE7B

TMPRSS4

SLCO4A1

SLC37A2
KIF20A

PPP1R14D

LRG1

MCM10

CASQ2 P2RY6

ERICH5

MUC5B

CTSB

KIF18B

GALNT6CDKN3

PCOLCE2

TREM2

CLDN2

CDC25C

HDAC11

mmu-miR -147-3p

GTSE1

MMP12

CCL22

DBP

mmu-miR -155-5p

hsa-miR -146b-5p

C1QB

KIF2C

LHFPL2

IGF1

ACOD1

LGMN

RHOU

CLCA1

SLPI

SPATC1

mmu-miR -155-3p

PLA2G5
CD68

PLA2G2D

CYP1A1

CPXM1

SLC26A4

hsa-miR -147b-3p

SAA2

OSM

mmu-miR -223-5p

TUBB3

CTSK

CDC20

BATF

MYOC

GNA15

GPR84

hsa-miR -21-5p

hsa-miR -21-3p

PIF1

CH25H

BDKRB1

KCNK13

hsa-miR -146b-3p

MYBPHL

GAL

PTX3

CENPW

PDCD1LG2

CXCL17
mmu-miR -21a-5p

CCNB1

GINS2

UBE2C

FCRLB

SMPX

mmu-miR -146b-5p

CCL2

CXCL1

LITAFSERPINB2

hsa-miR -155-3p

ST6GALNAC3PTGES

ADAMTS4

PDCD1

TRIM63

mmu-miR -21a-3p

AGR2

CCL17

mmu-miR -146b-3p

hsa-miR -223-5p

TREML2

SAA1

SLC7A11

SFN

TROAP

UBD

TM4SF19

MTHFD2

CCL3

IL1R2

hsa-miR -155-5p

NEK6

Up regulated mouse miRNAs

Co-up regulated targets in transcriptome analyses

Co-down regulated targets in transcriptome analyses

Macaque up while mouse down regulated targets

Mouse up while monkey down regulated targets
Log2Foldchange

1 9

Up regulated macaque miRNAs

2124 8

MouseMacaque

Differentially expressed

macaque miRNAs

Differentially expressed
mouse miRNAs

Homologous 
mouse miRNAs

Co-regulatedmiRNAs 
in mouse and macaque
during C. neoformans

infections

Sequence search
www.mirbase.org

Mapping

A B

C

u6
14

7-3
14

6-3
14

6-5
15

5-3
21

a-3
21

a-5
22

3-5
15

5-5
0

5

10

15 Uninfected
Infected**

***
**

***
***

* ** *

R
el

at
iv

e 
ex

pr
es

si
on

 le
ve

l
miRNAs

D

E

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 17, 2022. ; https://doi.org/10.1101/2022.02.14.480319doi: bioRxiv preprint 

https://doi.org/10.1101/2022.02.14.480319
http://creativecommons.org/licenses/by/4.0/


Targets gene ontologymiRNAs Gene ontology

Molecular FunctionCellular Component Biological Process

-Log10p-value
3210 0 5 10 15 20

-Log10p-value

spindle
microtubule

microtubule associated complex
condensed chromosome, centromeric region

condensed chromosome kinetochore
chromosome, centromeric region

membrane raft
membrane microdomain

membrane region
spindle pole

cytokine activity
cytokine receptor binding

chemokine activity
tumor necrosis factor receptor binding

tumor necrosis factor receptor superfamily binding
chemokine receptor binding

microtubule binding
G protein-coupled receptor binding

tubulin binding
protease binding

mononuclear cell migration
myeloid leukocyte differentiation

response to tumor necrosis factor
positive regulation of osteoclast differentiation

mitotic nuclear division
response to lipopolysaccharide

mitotic sister chromatid segregation
regulation of myeloid leukocyte differentiation

positive regulation of neuroinflammatory response
positive regulation of leukocyte migration

chromosome centromeric region
cytoskeleton

cell leading edge
transcription factor complex

transferase complex
nuclear body

cellular component
catalytic complex

cytoplasm
actin binding

histone acetyltransferase binding
histone binding

GTPase binding

ubiquitin-like protein ligase binding
protein tyrosine kinase binding

lipid kinase activity
protein dimerization activity
cytoskeletal protein binding

actin filament-based process
cellular response to interleukin-1

regulation of myofibroblast differentiation

response to ethanol
regulation of DNA-binding TF activity

fibroblast proliferation
regulation of fibroblast proliferation

response to interleukin-1
salivary gland morphogenesis

BA

transmembrane receptor protein tyrosine kinase activity

positive regulation of proteasomal
protein catabolic process

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 17, 2022. ; https://doi.org/10.1101/2022.02.14.480319doi: bioRxiv preprint 

https://doi.org/10.1101/2022.02.14.480319
http://creativecommons.org/licenses/by/4.0/


F H

J

Control R10015

0

10

30

20

Ph
ag

oc
yt

os
is

 (%
)

Control R10015

*

0

100

200

300

400

N
um

be
r o

f m
ac

ro
ph

ag
e

DMSO R10015
0

2

4

6

M
ig

ra
tio

n 
(%

)

Control R10015

***

0

2

4

6

8

N
um

be
r o

f C
. n

eo
fo

rm
an

s 
(1

04 )

ns

R10015

Ph
ag

oc
yt

os
is

 (%
)

DMSO

0

2

4

6

N
um

be
r o

f C
. n

eo
fo

rm
an

s 
(1

04 )

ns

DMSO R10015

E G

I
5

6

7

8

9

10 *

-0.5

0.0

0.5

1.0

1.5

2.0

-10

0

10

20

30

N
o.

 o
f M

on
oc

yt
e 

(1
09 ∙L

-1
) M

onocyte percentage (%
)

0

2

4

6

8

Ph
ag

oc
yt

os
is

 (%
)

M
FI (10

3)

Healthy control HIV patient Healthy control HIV patient

****** * **

Phagocytosis MFIPercentageNumber

B C

10 20 30
-1

0

1

2

3

4

 

Phagocytosis (%)

M
ig

ra
tio

n 
(1

03 )

Y = 157.4X - 962.7
R=0.9721
p<0.0001

0

10

20

30

0

D
FSC-A (K)

0 50 100 150 200 250

Single Cells
98.3

0

50

100

150

200

250
FS

C
-H

 (K
)

BV421-A

SS
C

-A
 (K

)

BV421-A, SSC-A subset
9.19

10-3 0 103 104 105

0

50

100

150

200

250

FITC-A

SS
C

-A
 (K

)

FITC-A, SSC-A subset
14.7

10-3 0 103 104 105

0

50

100

150

200

250
Single cells Uvitex 2B negtive FITC positiveA

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 17, 2022. ; https://doi.org/10.1101/2022.02.14.480319doi: bioRxiv preprint 

https://doi.org/10.1101/2022.02.14.480319
http://creativecommons.org/licenses/by/4.0/


500 bp

DL2,000
W

T
MYOCH I

L

E F

mock Myoc
0

2

4

6

8

M
ig

ra
tio

n 
(%

)

WT mock Myoc
N

um
be

r o
f C

. n
eo

fo
rm

an
s 

(1
06 )

Ph
ag

oc
yt

os
is

 (%
)

*

ns

WT mock Myoc

G

mock myoc
0

5

10

15

R
el

at
iv

e 
ex

pr
es

si
on

 le
ve

l ****

A B

PCDH12

ERICH5

HDAC11
SYNM

EFCC1
hsa-miR-155-3p

CPA3

TRIM63

mmu-miR-223-5p

DBP

CYP1A1

hsa-miR-155-5p

hsa-miR-146b-5p

APLNR

hsa-miR-147b-3p

hsa-miR-21-5p

hsa-miR-21-3p

COL2A1

mmu-miR-21a-5p

MELTF

hsa-miR-146b-3p

SMPX

mmu-miR-146b-5p

ST6GALNAC3

MYOC

mmu-miR-21a-3p

mmu-miR-146b-3p

AZGP1
CASQ2

PDE7B

MYBPHL
mmu-miR-155-3p

mmu-miR-147-3p

hsa-miR-223-5p

mmu-miR-155-5p

5

10

15

0 2.0

2.5

3.0

3.5

4.0

4.5
ns **

Mouse Macaque
0.0

0.5

1.0

1.5

2.0

N
or

m
al

iz
ed

 re
ad

 n
um

be
r

Uninfected Infected

*

***

D

0 2 4 6 8 10 12 14 16 18 20
0

50

100

Pr
ob

ab
ilit

y 
of

 S
ur

vi
va

l

MYOC

Wild type

Days post infections

*

male female
7

8

9

10

male female
2

3

4

5

6

Wild type MYOC

Lo
g 10

C
FU

 p
er

 g
ra

m
 b

ra
in

Lo
g 10

C
FU

 p
er

 g
ra

m
 lu

ng

J K
* * ns *

In
te

ns
ity

 o
f M

Y
O

C
 (1

06 )

0

2

4

6

8

HIV AIDS

*

C

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 17, 2022. ; https://doi.org/10.1101/2022.02.14.480319doi: bioRxiv preprint 

https://doi.org/10.1101/2022.02.14.480319
http://creativecommons.org/licenses/by/4.0/


.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 17, 2022. ; https://doi.org/10.1101/2022.02.14.480319doi: bioRxiv preprint 

https://doi.org/10.1101/2022.02.14.480319
http://creativecommons.org/licenses/by/4.0/


Uninfected Infected

All reads in the host

total reads
unique reads

mou
se

 un
inf

ec
ted

mou
se

 in
fec

ted

mon
ke

y u
nin

fec
ted

mon
ke

y i
nfe

cte
d

mou
se

 un
inf

ec
ted

mou
se

 in
fec

ted

mon
ke

y u
nin

fec
ted

mon
ke

y i
nfe

cte
d

2.0×107

1.5×107

1.0×107

5.0×106

1.5×106

1.0×106

5.0×105

0

2.0×107

1.5×107

1.0×107

5.0×106

1.5×106

1.0×106

5.0×105

0

monkey total reads

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

5×106

4×106

3×106

2×106

1×106

0

mouse total reads

18 19 20 21 22 23 24 25 26 27 28 29 30

8×106

6×106

4×106

2×106

0

Length of reads

Length of reads

mouse unique reads

18 19 20 21 22 23 24 25 26 27 28 29 30

2.0×105

1.5×105

1.0×105

5.0×104

0

monkey unique reads

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

9×104

6×104

3×104

0

Length of reads

Length of reads

R
ea

d 
nu

m
be

r(
>1

8 
nt

)

R
ea

d 
nu

m
be

r(
>1

8 
nt

)
R

ea
d 

nu
m

be
r(

>1
8 

nt
)

R
ea

d 
nu

m
be

r(
>1

8 
nt

)

R
ea

d 
nu

m
be

r(
>1

8 
nt

)

****

*

**

NS

A

B

C

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 17, 2022. ; https://doi.org/10.1101/2022.02.14.480319doi: bioRxiv preprint 

https://doi.org/10.1101/2022.02.14.480319
http://creativecommons.org/licenses/by/4.0/


Mouse mRNA or miRNAs

Co-up regulated targets in transcriptome analyses

Co-down regulated targets in transcriptome analyses

Macaque up while mouse down regulated targets

Mouse up while monkey down regulated targets
Log2Foldchange

1 9

Macaque mRNAs or miRNAs

SH2D5GSG1

S100A8

E2F2

RAB3IL1

CDX1

PON1

AMIGO1

PDYN

ZWINT

NXPE5

TSPAN10

NAGS

TLR2

MLIP

SPSB1 LRRN3

SLC25A25

KCNN2

RYR1

IL20RB

PSMB10

HIF3A

PDCD1LG2

GM525

NEK6

FUT2

MKI67

FAT3

LIMS2

EME1

JUNB

DHRS9

IDO2

CSF2RA

GPAT3

CLDN4

ETV6

CENPP

DAPP1
CCL9

COQ7

BTBD17

CDC25A

ASGR1

C1R

AKAP6

APOBEC3A

9330159F19RIK

hsa-miR -146b-3p

RELB

FAM110B

XPNPEP1

WDHD1

TREML4

SLCO2B1

THBS4

PTK2B

SRPK3

OLFM2
SLC5A8

LIF

SH2B2

GSDMC

S100A4

DYRK4

RAB30

CDT1 PNPLA5

ALDH1L1

PDE5A

ZNF853

NTS

TSC22D3

NAALAD2

TLR1

MILL2

SPRR1B

LRRIQ1

SLC1A4

KCNJ5

RUNX1

IL1RN

PRRT2

HES2

PCOLCE

GM5150

NEK3

FST

MGLL

FANCB

LILRA4

ELN

JAK3

DHRS7C

IDO1
CRISPLD1

GNAZ

CLDN22

ERO1A

CENPM

CYP4B1

CCL7

COL9A1

BST1

CD86

ASF1B

C1QB

AK9

APLNR

4933430I17RIK

PVALB

FABP4

XLR3B

VSIG1

TPCN2
SLC7A11

TGM3

PSMD14

SRGN

ODF4
SLC5A12

LCP1

SGO2A

GPR65

S100A14

DUSP2

RAB20

CDKN3

PMVK

ALAS1

PDE3A

ZNF541

NTRK1

TRPM6

MYRIP

TK1

MID2

SPRED3

LRRC4C

SLC1A2

KCNIP4

RTN4RL1

IL1RL1

PRRG3

HEBP1

PCLAF

GM4724

NEIL1

FRZB

MELTF

FAM83D

LHFPL2

EFCAB5

ITPRIPL1

DGKB

HYOU1

CREB3L3

GNAO1

CLDN13

ERICH5

CENPH

CYP1A1

CCL6

COL2A1

BPIFA1

CD84

ASB4

BUB1B

AK2

APBB1

mmu-miR -21a-5p

PTGES

EXTL1

XLR3A

VDR

TNR

SLC49A3

TGM1

PRSS2

SPTA1

OASL

SLC5A1

LCN2

SFTPD

GPR35

RYR3
DUSP1

QSOX1

CDKN1C

PM20D1

AGR2

PCX

ZNF488
NSG2

TRPM5

MYO5A

TIMP3

MGL2

SPP1

LRRC3B

SLC16A3

KCNH1

RRAGD

IL13RA2

PROCR HCAR2
PCDH12

GM281

NDRG2

FRMPD1

MELK

FAM3B

LGMN

EDN3

ITGB6

DDX4

HYAL2

CRB1

GLRX

CLCA3A1

ERCC6L

CELSR3

CXCR6

CCL4

CNTN6

BPGM

CD83

ASB11

BUB1

AHSG

ANLN

mmu-miR -146b-5p

PLA2G2D

EVPL

XIRP2

UIMC1

TNNI3K

SLC43A2

TFF2

PRDX4

SPSB4

NUSAP1

SLC4A1

LAMA5

SFMBT2

GNPDA1

RYR2

DNMT3L

PYGO1

CDCA8

PLP1

ADRB3

PCLO

ZNF267

NREP

TRPM2

MYO1A

TIMP1

MFSD2A

SPOCK2

LRRC25

SLC16A11

KCNG1

RNF19B

IL13

PRDX1
HCAR1

PARVG

GM14548

NDC80

FREM2

MEGF6

FAM20C

LCP2

EDIL3

ITGB4

DDC

HVCN1

CR2

GLP1R

CKS1B
EPS8L3

CELA1

CXCR5

CCL24

CLSPN

BEX2

CD68

ART1

BTBD11

AHRR

ALOX15B

4932438A13RIK

PI3

ELANE

WNT10B

UHRF1

TNFSF9

SLC38A8

TEX15

PPP1R14D

SPRR2A3

NPR2

SLC47A1

LACTB

SESN3

GNA15

RXRG

DNASE2

PYCARD

CDCA2

PLN

ADORA2B

PCDHGB1

ZNF185

NR4A3

TRIP13

MYMK

TIGIT

METRNL

SPHK2

LRRC17

SLC16A1

KCNF1
RND1

IL12A

PRC1

HBQ1B

PARM1

GM13889

NCAPH

FRAS1

MCTS1

FAM178B

LAT2

ECM2

ITGB2

DCST1

HSPB3

CPNE7

GLDN

CITED4

EPOR

CEBPE

CXCL9

CCL12

CLIP3

BEST3

CD53

ARSI

BRI3BP

ADRA2A

AKR1C1

2610318N02RIK

PHLDA2

ECE2

WIF1

UCP2

TNFSF14

SLC31A2

TET1

PPIL1

SPRR2A1

NPL

SLC39A2

KLHDC9

SERPIND1

GMPPB

RP1

DLL4

PWWP3B
CDC45

PLK3

ADIRF

PCDHGA9

ZBTB4

NR4A1

TRIM63

MYL1

TIGAR

MEFV

SPCS3

LRP12

SLAMF8 KCND3

RMI2

IGSF10

PPP1R1B

HBB-BT

PAMR1

GM13305

NCAPG
FPR1

MCM6
FAM171B

LARP6

EAR2

ITGAX

DCDC2C

HSPA5 CPED1

GK

CITED1

EPOP

CEACAM19

CXCL8

CCL11

CLIC3

BDH1

CD38 ARRDC3

BRCA2

ADORA3

AKR1A1 mmu-miR -21a-3p

PGAM1

DBP

WFDC3

UBE2T

TNFSF10

SLC30A3

TENM4

PPA1

SPRR1A

NLRP3 SLC35F3

KLC3

SERPINA3N

GJC2

ROS1

CYS1

PTPRD

CDC20

PLIN2

ADAMDEC1

PCDHGA8

ZBTB32

NR3C2

TREML2

MYH13

TIFAB

MEF2C

SPC25

LRCOL1

SLAMF7

KCNB1

RIOX2
IGFBP3

PPM1H

HBB-BS

P2RY6

GM12695

NCALD

FOXS1

MCM10

FAM167A

LAP3
E230025N22RIK

ITGA3

DAW1

HSPA4

COLQ

GFRA1

CISH

EPHX1

CEACAM10

CXCL3

CCDC171

CLEC4D

BCO2

CD300LG

ARL11

BMX

ADIPOQ

AK4
mmu-miR -146b-3p

PDIA2

CXCL11

WFDC21

UBE2C

TNFRSF9

SLC22A15

TEDC1

POLE

SPNS3

MYOZ1

SLC35D3

KIF4B
SERPINA3M

GJB2

ROBO2

CYP2S1

PTPN5

CD80

PLIN1

ADAM33

PCDHGA11

WNT7A

NR1D2

TREM2

MYBPC3

TICRR

MDGA1

SPC24

LOX

SLAMF1

KCNA1

RGS6

IFIT1

PPIF

HBA-A2

P2RY13

GLT8D2

NBL1

FOXN4

MCF2L2

FAM107A

LAMB2

E030018B13RIK

IRF8

D6ERTD527E

HSPA12B

COLGALT2

GCK

CIP2A

EGR2

CDKL5

CXCL17

CASS4

CLEC4A

BCL2L15

CD300LD

ARHGEF39

BLNK

ADGRE4

AIPL1

1700066B19RIK

PALM3

CX3CL1

WDR95

TYMP

TNFRSF8

SLC1A5
TDO2

PLLP

SPHKAPMYOM1

SLC28A2B
KIF2C

SERPINA3I

GJA5 RNH1
CYP27B1

PTPN4

CD3E

PLEKHF1

ADAD2

PCDHB19

WNT3

NR1D1

TRAF3

MXD3

THSD1

MCOLN2

SPATC1

LMNTD1

SKA1

KBTBD8

RGS16

IFI44

POU6F1

HBA-A1

OVOL1

GLIPR2

MZF1

FN1

MAPT

FAIM2

LAMB1

DUSP13

IRF7

D430041D05RIK

HSD11B1

COLEC11

GCH1

CILP2

EGLN3

CDK1

CXCL13

CAR6

CLDN2

BCL2L1

CD274

ARHGEF38

BIRC5

ADAMTS17

AGRN

mmu-miR -147-3p

OSM

CTSH
WDR91

TUB

TNFRSF26

SLC17A9

TCF23

PLGRKT

SPEER4C

MYL3

SLC27A3

KCTD19

SERPINA3G

GDPD5

RNF128

CYP1B1

PTGIR

CCR5

PLD3
ACVRL1

PCDHB18

WDR76

NPY

TPX2

MVD

THBS1

MCIDAS

SPAG5

LIPN

SIGLEC15

JCHAIN

RFLNA

IFI30

POLQ

H60C

OSTC

GLDC

MZB1

FMO6

MAPK11

FABP5

LAMA1

DUOXA1

IQGAP3

D3ERTD751E

HP

COL9A2

GABRE

CHST13

EDA

CDHR1

CXCL10

CAR3

CLDN18

BCL2A1D

CD200R1L

ARHGAP20

BIRC3

ADAMTS15
AGO2

mmu-miR -155-5p

MSC

CD40

VSTM4

TTR

TNFRSF23

SLC16A10

TCEAL3

PLEKHD1

SPDL1

MYC

SLC27A2

KCNK3

SERPINA3F

GBP2

RNASE2B

CYP17A1

PTGFR

CCL3

PLCB1

ACKR1

PCDHB15

WDR12

NPTX1

TPRG1

MUC5AC

TFRC

MBLAC2SP6

LILRA6

SIGLEC1

ITPRID1

RFK

IFI214

PNP

H2-OB

ORC6

GLB1L3

MYZAP

FMO3

MAP4K2

FABP1

KYNU

DUOX1

INHBA

CYTH4

HMOX1

COL6A6

GABBR1

CHRNA7
EBF4

CDH6

CXCL1

CAR13

CLDN10

BCL2A1B

CCR4

ARG2

BHLHE40

ADAM8

AGER

1700003F12RIK

MRPS22

CD3D

VSTM2A

TRAF1

TNFRSF12A

SH3PXD2B

TBXAS1

PLCG2

SPAG17

MYBPH

SLC23A3

ITIH1

SERPINA3C
GALNT6

RNASE2A

CXCL6

PTGDR

CCL26

PLAUR

ZNF219 PCDHAC2
WDFY4

NPPA

TPPP3
MTFR2

TFEC

MB

SOX13

LGALS1

SGO1

ITLN1

RDM1

IFI213

PLXNB3

H2-M2

ORC1

GLA
MYRF

FLRT2MAFB

F7

KPNA2

DSPP

IL6

CYP4F18

HMGB3

COL6A5
FYB1

CHRM3

EARS2

CDC20B

CTSZ

CAR1

CLDN1

BCL2A1A

CCR2

ARG1

BHLHE23

ACSBG3

ADTRP

mmu-miR -155-3p

MRPL15

CCL8

VNN1

TNNT1

TNC

SH2D3C

TAT

PLAAT4

SPAG11B

MPZL1

SLC22A12

ITGAM

SERPINA10

FTH1

RNASE1

CTSL

PTCH2

CCL22

PLAT

PTX3

PCDH17

WARS1

NPC2

TPBGL

MT2

TEF

MAPK13

SORD

LEP

SGK3

ITIH5
RBP5

IFI209

PLPPR1

H2AC24

OCSTAMP

GKN3

MYOM3

FKBP5

LYZ

F10

KNTC1

DPYD

IL4R

CYP4A12B

HK2

COL6A2

FXYD6

CHRDL1

EAF1

CD63

CTSV

CAPN9

CKMT1A

BCHE

CCR1

AR

BHLHA15

ACSBG1

ADM2

ZC3H12A

MREG

CCL20

VASH2

TNFRSF4

TMPRSS13

SFRP5

TARM1

PLA2G6

SOX9

MOB1A

SLC19A3

ISLR2

SEMA7A

FPR3

RIMS1

CTSK

PSRC1

CCDC190

PLAGL1

PSTPIP2

PAX5

VTN
NMB

TOP2A

MT1

TCTN2

MAPK10

SOD2

LEMD1

SGK1

ITGB3BP

RBM28

IFI208

PLEKHB2

H2AC10

OBSCN GJB5

MYOC

FGG

LYPD3

EXPH5

KMO

DPP6

IL4I1

CYP3A13

HILPDA

COL3A1

FOXO4

CHM

E2F8

CD59B

CTSF

CAPG

CKAP2

BCAT1

CCNF

AQP9

BEX1

ACP5
ADHFE1

YBX2METTL7B

CAMK2N1

UTRN

TNFAIP3

TMEM45B

SFRP2

TAL2

PLA2G5

SOX5

MMP9

SLC17A7

ISLR

SEMA6B

FOXP3

RIMKLA

CTSG

PSME2B

CAV1

PLAC9A

FCAR

PARD3B

VIPR1

NIPAL4

TNXB

MSX3
TCEA2

MAP3K7CL

SOCS3

LDHC

SERPINE1

ITGB1BP2

RASSF4

IFI203

PLEK

GYPA

OAS1

GJB4

MYL7

FGF23

LYN

EXOC3L2

KLK8

DPEP3

IL36RN

CYP2J9

HID1

COL24A1

FOXA3

CHL1

E2F1

CD52

CTSC

CAND2

CIITA

BC147527

CCNE1

AQP11

BEND7

ACNAT1

ADGRG5

UPK3A

MCM4

ARNT2

UNC80

TNF

TMEM40

SFN

TACR1

PLA2G2A

SOAT2

MMP7

SLC16A5

IL7

SELP

FOXM1

RILPL2

CTSD

PSAPL1

CAPN8

PLA2R1

TMEM100

PAK6

VCAN

NINJ1

TNS4

MS4A8A

SYT7

MAP3K6

SNX20

LDHA

SERPINB2

ITGAD
RASGRF1

HYKK

PLAU

GVIN2NYNRIN

GJB3

MYH7B

FGA

LTF

ETV4

KLHL6

DOK2

IL2RG

CYP2F2

HELLS

COL11A1

FMOD

CHIL4

DYRK3

CD48

CTSB

CAMP

CHIT1

BBOX1

CCNB2

APOL11B

BDKRB1

ACKR4

ADGRF3

TYMS

MAST1

ADAMTS14

UNC79

TMPRSS3

TMEM37

SERPINF2

TACC3

PKDCC

SNX31

MMP12

SLC15A3

IL2RA

SECTM1B

FOXF1

RHD

CTLA4

PSAP

CAPN3

PLA2G4C

SRPRB

PABPC1L

VAX1

NGP

TNNC1

MS4A7

SYNPO2L

MAP3K13

SNX10

LCTL

SERPINB1

ITGA8RAI2

HYDIN

PLAC8

GVIN1

NXPH3

GJA6

MYBPHL

FFAR2

LTA

ESRRG

KLF15

DOC2B

IL26

CYP2A5

HDAC11

COL10A1

FGL1

CHIL3

DUSP9

CD33
CTSA

CAMK2A

CHI3L2

BATF3

CCNB1

ANO7

BCL3 ACAT2

ADCY1

TROAP

MAB21L4

ZMAT1

ABLIM3

UNC5C

TMEM178A

TMEM35A

SEC14L3

SYT9

PIGR

SNCA

MMP1

SLC13A2

IL22RA1

SECTM1A

FNDC5

RGS7

CMA1

PRSS46

CALHM6

PKIB

BHMT2

P4HA3

UPK3B

NGB

TNIP3

MS4A6D

SYNM

MAP2K6

SNCB

LAMA3

SERPINA3

ITGA7

RAD54L

HTR7

PLA1A

GUCA1A

NXF3

GINS1

MYBPC2

FETUB

LRRC59

ESR1

KIFC1

DNASE2A

IL22

CYP26A1

HAVCR2

CNTN4

FGGY

CHIL1

DUOX2

CD300LF

CTDSPL

CALCA

CH25H

B430306N03RIK

CCL2

ANKRD55

BASP1

ABI3BP

ADAP2

TRIM29

LRRN4

ZFP882

ICAM1

UGT1A6B

TMEM139
TMEM268

SCIMP

SYT8

PIF1

SMYD1

MISP

SLC12A8

IL1A

SDF2L1

FGF9

RGS1

CLN8

PRSS22

CA6

PKIA

ADAM12

P2RY2

UPK2

NFIL3

TNFSF15

MS4A1

SYNGR1

MAL2

SNAI1

L1TD1

SERPINA1

ITGA4

RAD51

HSPA1B

PKMYT1

GSTO1

NUF2

GFI1B

MYBL2

FER1L6
LRRC55

ESPL1

KIF4A

DNAH7C

IL21R

CYBA

HASPIN
CNTN2

FGFR4

CHIA1

DPP4

CD300LB

CSPG5

CADPS

CFB

B3GNT7

CCL19

ANKLE1

AZGP1

ABCC9
hsa-miR -155-3p

TREML1

LGALS3

ZFP871

SEC11C

UCP1

TMEM138

TMEM26

SCAMP5

SYT13
PGPEP1

SMPD3
MFSD9

SLC11A1
IL18

SCN7A

FGF18

RGCC

CLEC6A

PROZ

C1S

PKD1L2

ITLN2

P2RX2

UPK1B

NFE2

TNFSF11

MRGPRG

SYNDIG1

MAGI3

SMTNL1

KY

SEPTIN6

ITGA2B

RABL3

HSD11B2

PKM

GSTA2

NRIP3

GFI1

MXRA5

FCRL1

LRRC36

ESCO2

KIF26B

DNAH7B

IL1R2

CXCR2

HAS2

CNMD

FFAR3

CGREF1

DOK3

CD300E

CSF3

CACNG1

CFAP221

B3GALT2

CCL13

ANGPTL7

AURKA

ABCC6

ADAMTS4

TNFSF13B

KRT16

ZFP831

NTNG2

TXLNB

TMEM132D

TMEM232

SBSN

SYT12

PDLIM4

SLURP1

MFSD4A

SLC10A5

IL17A

SCN4B

FGD5

RETNLB

CLDN5

PROM2

BNIP5

PIWIL4

VMP1

P2RX1

UCHL3

NEGR1

TNFRSF18

MRC1

SV2A

MAGI2

SLIT1

KRT87
SEMA4A

ITGA2

RAB7B

HROB

PIMREG

GSG1L

NOVA2
GCNT3

MXI1

FCNA

LRRC15

ERN2

KIF23

DNAH7A

IL18RAP

CXCR1

HAPLN3

CMYA5

FCRLA

CFTR

DOCK10

CD209E

CSF2RB

CACNA1I

CENPF

AWAT1

CCDC71L

ANGPTL4

ATP6V1B2

ABCB4

ADAM28

TLE1

KLK4

ZFP81

MMP24

TUBB6

TM4SF19
TMEM215

RRM2

SYN3

PDIA4

SLPI

MCM5

SLA

IGLL5

SCN3A

FERMT3

RETNLA

CLCA1

PRKG1

BID

PIWIL2

UBD

OXTR

UBE2L6

NECTIN3

TNFAIP8L3

MPP6

SULF2

MAG

SLC9A7

KRT83

SEMA3B

IRS1

RAB42

HRCT1

PIM1

GRM6

NOTUM

GATM

MUC5B

FCMR

LRP8

ERFE

KIF20A

DNAH6

IL17RE

CXCL5

HAP1

CMTM5

FCN3

CFP

DMTN

CD209D

CSAD

CACNA1F

CENPA

AURKB

CBX7

ANGPT4

ARRDC4

ABCA8B

ACSL1

TEDC2

KLC4

ZFP780B

PLBD2

TTN

TGFBI

TMEM213

RHOH

SUSD5

PDE7B

SLCO5A1

MCM3

SKINT3

IFI27

SCIN

FEN1

RETN

CKS2

PRG3

BCL2A1

PIPOX

PDSS1

ORM2

TUBB3

NDNF

TMPRSS9

MPP4

SUCNR1

MAFF

SLC6A3 KRT78SELE

IRF4

PTPRN

HRC

PIK3IP1

GRIK2

NOTCH4

GATA1

MTHFD2

FCGR3LRP4

EPX

KIF18B DNAH5

IL15RA

CXCL2

HAMP

CLSTN3

FBLN5

CFI
DMKN CD200R1

CRY2
CACNA1E

CEACAM5

ATP6V1G3

CBX5

ALPL

hsa-miR -223-5p

AA467197

hsa-miR -155-5pSOX8

IFITM10

ZFP763

MPEG1

TTC22

TFR2

TMEM200A
RHEX

SULT4A1

PDCD1

SLC9A2

MATK

SKA3

IER3

SBSPON

FCRL6

RECQL4

CHST11

PRG2

BCAM

PIK3R5

ICOS

ORM1

TTYH2

NCF4

TMPRSS4

MPO

STXBP6

MAB21L3

SLC39A14

KRT5

SEL1L3

IQCA

PTPN7

HPX

PIK3CG

GPRASP2

NOL6

GAS2L3

MTCH2

FCGR2B

LPXN

EPM2A

KIF15

DNAH3
IL12RB2

CX3CR1

GSDME

CLIP4

FAXDC2

CFD

DLGAP5

CD180

CRELD2

C3AR1

CEACAM1

ATP6V0D2

CAV2

ALOX15

ARNTL2

A830018L16RIK

hsa-miR -146b-5p

SMPDL3A

HSPA9

ZFP365

MCM2

TSPAN11

TDRD10

TMEM132C

RHBDF2

STRA6L

PCP4

SLC7A8

M1AP

SIGLECH

HTR1E

SBK3

FCGR2A
RASL11A

CHST1

PREX2

BAIAP3

PHOX2A
CPA3

OPTC

TTF2

NCF2

TMEM251

MOV10L1

STIL

LYZL4

SLC37A2

KNSTRN

SEC23B

INSYN2A

PTPN2

HPSE2

PI15

GPRASP1

NOCT

GAPT

MSR1

FCGBP

LPIN3

EPHX2

KIF12

DNAH11

IL12RB1

CTTNBP2GRK5

CLEC5A

FANCI

CES2G

DLEC1

CD177

CREB3L1

C1RB

CDRT1

ATP6V0C

CASQ2

ALOX12E

ARID3A

A530016L24RIK

ACP2

SLC7A5

HSD17B2

ZFP329

CCL1

TRPV6

STX1B

TMEM121B

RCN3

STING1PCOLCE2
SLC7A2

LYRM9

SHROOM4

HSPB2

SAPCD2

FBXO4

RASL10B

CHRNA2

PRDM8

BAIAP2L2

PHKG1

IL1B

OMP

TTC39C

NCF1

TMEM25

MNDALSTEAP3

LY6I

SLC31A1

KNG2

SEC14L2

INSL6

PTN

HPGDS

PGBD1

GPR55

NMNAT2

GALE

MS4A4A

FCAMR

LMNTD2

EPB42

KCP

DMRT3

IL10

CTSS

GRB7

CLEC4F

FAM131B

CES2E

DIPK1B

CD164L2

CPXM1

C1QTNF6

CDKN1A

ATP6V0A4

CASP1

ALKAL1
ARHGEF40

A4GALT

ACOD1

SH2D2A

GPR25

ZFP267

MSANTD3

TRPC3

STAT1

TMEFF2

RASL12

STEAP4

PBK

SLC7A10

LTBP4

SHISA2

HOOK3

SAMD12

EXO1

RASGRP3

CHI3L1

PRCD

AVPR2

PHACTR2

COL1A1

OLR1

TTC39B

NCCRP1

TMEM200B

MMP8

STEAP1

LY6G5BSLC2A5

KLF12

SDK2

INPP4B

PTGS1 HPCAL4

PFKP

GPR176

NLN

GAL3ST2

MS4A2

FBXL21

LMNB2

EPB41L3

KCNQ4

DMP1

IKBKE

CTPS

GRAMD1B

CLEC4E

FAHD1

CES2C

DHRS4L2

CD163

CPM

C1QTNF2

CDCA7

ATP13A4

CAPN13

ALDH1A3

ARHGEF28

A2M
ABHD16B

SERPINB10

GDF15

ZFHX4
KCNK13

TRIM9

SPDEF

TMC5

RAMP2

STEAP2

PANX1

SLC6A20A

LRG1

SH3RF2

HNF1B

SAA4
ETHE1

RASGRF2

CHAF1A

PPY

ARAP3

PGLYRP1SLC2A6

OLFR750

TTC36

NCAM1

TMEM191C

MMP25

STAR

LY6C2

SLC2A3

KIFC5B

SBNO2

IL7R

PTGFRN

HNF4A

PER1

GPR141

NLGN4X

GAL

MROH7

FBP1
LMCD1

ENTHD1

KCNN4

DMBT1

IHH

CSTB

GPR84

CLEC4A2

FAAH2

CES2B

DHFR

CD14

CPAMD8

C1QC

CDCA5

ATF3

CACNA1G

ALB

APOL6

9930111J21RIK2

hsa-miR -147b-3p

SCNN1D

FUCA2

ZC3H12B

GINS2

TRIM58

SOCS1

TLR5

RAC3 STAP1

PALMD

SLC6A13

LMOD1

SH3GL3

HJURP

SAA3

EGR3

RASD1

CES1

PPP2R2C

APOBEC3B PGF

SLC29A3

OLFR456

TSPO2

NAV3

TMED3

MMP19

ST8SIA5

LUM

SLC2A1

KIF22

SAMSN1

IL5

PTGER1

HMMR

PDXK

GP1BB

NIN

GADD45G

MPP1

FBN2

LITAF

ENO1

KCNMB1

DISP2

IGSF6

CST8

GPR137B

CLEC1B

F13A1

CES1G

DENND2D

CCR8

COTL1

C1QA

CDCA3

ASTN2

CAB39L

ALAS2

APOL2

9930111J21RIK1

hsa-miR -21-5p

RTN4RL2

FCRLB

ZBTB8B

PLK1

TRIM30D
SNX8

TLR3

RAB32

STAC2

PAICS

SLC6A12

LMO4

SH3GL2

HIVEP3

SAA1

EFCC1

RAMP3

CEP55

PPP2R2B

ANKRD22

PF4LMNB1

OLFM4

TSPAN9

NAT8L

TMED10

MMP16

ST6GALNAC3

LTB4R1

SLC26A9

KEL

SAA2

IL33

PTAFR

HMCN1

PDK2

GOT1

NIM1K

FXYD4

MMP28

FAXC

LIPM

EMILIN2

KCNC3

DIPK2B

IGFALS

CSPRS

GPR132

CLEC10A

EZH2

CES1F

DDX31

CCNA2

CORO2B

BTNL6

CDC6

ASPRV1

C3

AKR1B8

APOC2

mmu-miR -223-5p

hsa-miR -21-3p

RHOU

FAM189A1

ZBTB37

CCL17

TRIM10

SMPX

TINAG

RAB17

ST8SIA2

OLFML3 SLC6A1

LIPG

SH3D21GTSE1

S100A9

ECM1

RAB44

CENPW

PPFIA2
AMT

PDZRN4

BATF

OIT3

TSPAN7

NAP1L3

TLR4

MMP13

SRXN1

LSAMP

SLC26A4

KDR

S100P

IL31RA

PSME2

HK3

PDIA6

GOLM2

NEURL3

FXYD2

MMP14

FAT4

LIPA

EMILIN1

JUP

DIO2

IGF1

CSF2RB2

GPNMB

CLDN8
EZH1

CEP85

DCSTAMP

CCNA1

CORIN

BTC

CDC25C

ASGR2

C2CD4C

AKR1B7

APOBEC3G

9530077C05RIK

ABCG1

RGS10
FAM162B

ZBTB20

WDR62

TRIL

SLCO4A1

THRSP

PTTG1

ST3GAL4

OLFML2B

SLC5A9

LIMK1

SH3BGRL3

GSTA3

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 17, 2022. ; https://doi.org/10.1101/2022.02.14.480319doi: bioRxiv preprint 

https://doi.org/10.1101/2022.02.14.480319
http://creativecommons.org/licenses/by/4.0/


Amoebiasis
Antigen processing and presentation

Apoptosis
Arachidonic acid metabolism

B cell receptor signaling pathway
Bladder cancer

C−type lectin receptor signaling pathway
Cell adhesion molecules

Cell cycle
Chagas disease

Chagas disease American trypanosomiasis
Chemokine signaling pathway

Complement and coagulation cascades
Cytokine−cytokine receptor interaction

Endometrial cancer
Epstein−Barr virus infection

Ferroptosis
Hepatitis C

Herpes simplex infection
HIF−1 signaling pathway

Human cytomegalovirus infection
Human T−cell leukemia virus 1 infection

IL−17 signaling pathway
Influenza A

JAK−STAT signaling pathway
Kaposi sarcoma−associated herpesvirus infection

Legionellosis
Lysosome

Malaria
Melanoma

MicroRNAs in cancer
Neurotrophin signaling pathway
NF−kappa B signaling pathway

NOD−like receptor signaling pathway
Non−alcoholic fatty liver disease NAFLD

Non−small cell lung cancer
Oocyte meiosis

Osteoclast differentiation
p53 signaling pathway

Pancreatic secretion
Parathyroid hormone synthesis secretion and action

Pathways in cancer
Pertussis

PI3K−Akt signaling pathway
Progesterone−mediated oocyte maturation

Prostate cancer
Proteoglycans in cancer

Rheumatoid arthritis
Small cell lung cancer

T cell receptor signaling pathway
Tight junction

TNF signaling pathway
Toll−like receptor signaling pathway

Toxoplasmosis
Tryptophan metabolism

Type II diabetes mellitus
Viral protein interaction with cytokine and cytokine receptor

miRNA Target

2
5

10

15

20

25

0.01

0.02

0.03

0.04

0.05
p value

DEGs

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 17, 2022. ; https://doi.org/10.1101/2022.02.14.480319doi: bioRxiv preprint 

https://doi.org/10.1101/2022.02.14.480319
http://creativecommons.org/licenses/by/4.0/


R10015 (µM)

O
D

60
0

A

0.0

0.2

0.4

0.6

0.021

0.237

0.429

0h 24h 48h

20
0.0

00
 

13
3.3

33
 

44
.44

4 

14
.81

5 

4.9
38

 

1.6
46

 

0.5
49

 

0.1
83

 

0.0
61

 

0.0
20

 

0.0
00

 

0 2 4 6 8 10 12 14 16 18 20
10

11

12

13

14

15

16

17

18 MYOCWild type

Bo
dy

 w
ei

gh
t (

g)

Days post infections

B

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 17, 2022. ; https://doi.org/10.1101/2022.02.14.480319doi: bioRxiv preprint 

https://doi.org/10.1101/2022.02.14.480319
http://creativecommons.org/licenses/by/4.0/

