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Differentially expressed microRNAs in experimental cerebral malaria and their
involvement in endocytosis, adherens junctions, FoxO and TGF-β signalling pathways



Figure S1-4. DIANA mirPath analysis of five upregulated miRNA in CM mice. Genes targeted by 

more than one miRNA are shown in orange boxes whereas genes targeted by one miRNA are 

highlighted in yellow boxes. Numbers in italics represent that several genes whose protein products 

play a similar role are targeted by these upregulated miRNA, detailed below. 

 

 

Figure S1: DIANA mirPath analysis predicted that 16 genes involved in TGF-β signalling pathway 

are targeted by two miRNA from this group. 1: Ppp2ca and Ppp2r1b. 



 

Figure S2: DIANA mirPath analysis predicted that 50 genes involved in the endocytosis pathway are 

targeted by 3 miRNA from this group. 1: Ap2b1 and Ap2a2; 2: Wwp1, Nedd4l, Traf6, Mdm2 and 

Nedd4; 3: Asap2, Arfgap3, Agap1, Asap1 and Arap2; 4: Arfgef1, Arfgef2 and Psd3; 5: Arf3, Arf6; 

6: F2r and Adrb1; 7: Grk5, Grk4 and Adrbk1; 8: Stam and Stam2; 9: Vps37b and Vps37a. 

 



 

Figure S3: DIANA mirPath analysis predicted that 28 genes involved in the FoxO signalling pathway 

are targeted by two miRNA from this group. 



 

Figure S4: DIANA mirPath analysis predicted that 20 genes involved in the adherens junctions’ 

pathway are targeted by two miRNA from this group. 1: Pvrl1, Pvrl3. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S1. Description of those genes targeted by miRNA upregulated that showed a higher 

abundance in PbA infected mice in comparison with Py-infected mice 

Pathway Protein 
miRNA targeting the 

protein 
Protein function 

TGF-β 

signalling 

pathway 

Tgfb3 miR-19a-3p, miR-19b-3p Binds to the type II TGF-β receptor, which then 

binds to the type I TGF-β receptor1 

Inhbb miR-19b-3p Encodes the activin/inhibin βB subunit of activins 

and inhibins, belonging to the TGF-β super-family2 

 Tnf miR-19a-3p, miR-19b-3p Encodes TNF, which can induce the transcription 

of I-Smads (Smad6/Smad 7)3 

 Tgfbr2 miR-19a-3p, miR-19b-3p Encodes the TGFβRII receptor, which 

phosphorylates and activates TGFβRI4 

 Acvr1b miR-19a-3p, miR-19b-3p Encodes the Activin A receptor type 1b protein, 

which is a transmembrane serine/ threonine kinase 

receptor and is essential for signalling5 

 Acvr2a miR-19b-3p Codes for an Activin receptor type II that is able to 

bind Activin ligands6 

 Bmpr2 miR-19a-3p, miR-19b-3p Encodes the BMP type-II receptor, which appears 

to bind exclusively to BMP ligands7 

 Bmpr1a miR-19a-3p, miR-19b-3p Encodes the BMP type IA receptor for bone 

morphogenetic proteins (BMPs)8 

 Smad2 miR-19a-3p, miR-19b-3p  The intracellular signals for the activins and TGF-

βs are mediated through the phosphorylation of 

Smad27 

 Smad4 miR-19a-3p, miR-19b-3p Forms heterotrimeric complexes with two R-

Smads, which are translocated to the nucleus9 

 Ppp2ca miR-19a-3p, miR-19b-3p Encodes the catalytic subunit of a serine 

phosphatase PP2A, which binds to type I 

receptors9 

 Ppp2r1b miR-19a-3p, miR-19b-3p Encodes the β isoform of the A subunit of the 

serine/threonine protein phosphatase 2A (PP2A), 

which binds to type I receptors10 

 Zfyve9 miR-19a-3p, miR-19b-3p Encodes SARA, which functions as a linker 

protein between type I activin/TGF-β receptors and 

SMAD2/3 to stimulate SMAD phosphorylation11 

 Sp1 miR-19a-3p, miR-19b-3p Cooperates with Smad2, Smad3 and Smad4 to 

induce p15Ink4B transcription in response to TGF-

β12 

 Id3 miR-19a-3p, miR-19b-3p Id proteins are important parts of signalling 

pathways involved in development, cell cycle and 

tumorigenesis13 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Endocytosis Tgfb3 miR-19a-3p, miR-19b-3p Encodes a member of the TGF-β family of 

proteins14 

 Tgfbr2 miR-19a-3p, miR-19b-3p Encodes a cell-surface receptor for TGF-β15 

 Tfrc miR-19a-3p, miR-19b-3p Encodes a membrane receptor for transferrin16 

 Kit miR-19b-3p Encodes receptor tyrosine kinases, such as the 

EGFRs17 

 Smad2 miR-19a-3p, miR-19b-3p SARA/Smad2 complex allows signalling and 

recycling18 

 Zfyve9 miR-19a-3p, miR-19b-3p Encodes SARA protein, which facilitates signal 

transduction by promoting the association of 

SMAD2 and SMAD3 with receptor complexes19 

 Cblb miR-19a-3p, miR-19b-3p Encodes Cbl, which mediates the internalisation of 

many receptors17 

 Sh3glb1 miR-19b-3p Encodes endophilins, which induce membrane 

curvature and help in the fission of clathrin-coated 

buds from the membrane17 

 Eps15 miR-19b-3p EPS15 and epsin might bind to monoubiquitylated 

EGFRs to move EGFRs out of lipid rafts17 

 Cltc miR-19a-3p, miR-19b-3p 

 

Encodes a major subunit of clathrin, which serves 

as the vesicle coat protein involved in intracellular 

trafficking and endocytosis20 

 Ap2a2 miR-19b-3p Encodes the adaptor protein-2 (AP2), mediates the 

endocytosis of cargo proteins17 

 Ap2b1 miR-19a-3p, miR-19b-3p Encodes one of the two large chain components of 

the clathrin assembly protein complex 2, which is 

important for protein transport21 

 Wwp1 miR-19a-3p, miR-19b-3p Encodes a ubiquitin ligase that targets proteins for 

degradation or other cellular fates22 

 Traf6 miR-19a-3p, miR-19b-3p Encodes a ubiquitin ligase that participates in 

signal transduction of both the TNF receptor 

superfamily and the interleukin-1 receptor/Toll-

like receptor superfamily23 

 Nedd4 miR-19a-3p, miR-19b-3p Plays a crucial role in ubiquitination of many 

plasma membrane proteins24 

 Nedd4l miR-19a-3p, miR-19b-3p Encodes Nedd4-2, which binds and regulates a 

number of membrane proteins to aid in their 

internalisation and turnover25 

 Mdm2 miR-19a-3p, miR-19b-3p Encodes an E3-ubiquitin ligase that promotes the 

proteasomal degradation of the cell-cycle regulator 

p5326 

 Arf6 miR-19a-3p, miR-19b-3p Controls the redelivery to the plasma membrane27 

 Ldlr miR-19b-3p Encodes a membrane receptor for low-density 

lipoprotein (LDL) particles, which constitutes a 

clathrin-dependent endocytosis cargo protein28 

 F2r miR-19a-3p, miR-19b-3p Encodes G-protein coupled receptors (GPCR) 

phosphorylated by GPCR kinases (GRKs), 

allowing β-arrestins to bind to the GPCR27 



 Adrb1 miR-19b-3p Encodes the β1-adrenergic receptor, a G-protein 

coupled receptor (GPCR)29 

 Dab2 miR-19a-3p, miR-19b-3p Encodes the protein Disabled-2 (Dab2), which is 

capable of direct interaction with LDL receptors30 

 Grk4 miR-19b-3p Encodes a GPCR kinase (GRK) that 

phosphorylates GPCR, allowing β-arrestins to bind 

to the GPCR27 

 Grk5 miR-19a-3p, miR-19b-3p As above27 

 Adrbk1 miR-19a-3p, miR-19b-3p As above31 

 Arrb1 miR-19b-3p Encodes β-arrestin that binds to the GPCR, 

preventing G-protein recruitment and thereby 

terminating signalling27 

 Rab11b miR-19b-3p Signalling molecule required for fusion back to the 

plasmatic membrane32 

 Eea1 miR-19a-3p, miR-19b-3p Encodes the early endosomal antigen 1 (EEA1), 

recruited to membranes by phosphatidylinositol 3-

phosphate and Rab5-GTP, together facilitating 

early endosome fusion32 

 Usp8 miR-19a-3p, miR-19b-3p Encodes the UBPY protein, which can 

deubiquitinate cargos and direct them to different 

fates18 

 Stam miR-19a-3p, miR-19b-3p In early endosomes, STAM forms a ternary 

complex with HRS and EPS15 that interacts with 

EGFRs17 

 Stam2 miR-19a-3p, miR-19b-3p A regulator of receptor signalling and trafficking 

that interacts directly with Hrs33 

 Eea1 miR-19a-3p, miR-19b-3p Encodes an effector of the small GTPase Rab5 that 

controls early-endosome fusion dynamics17 

 Chmp4b miR-19a-3p, miR-19b-3p Encodes a member of the family of small coiled-

coil proteins named CHMP implicated in playing 

roles in multivesicular body sorting34 

 Chmp1a miR-19b-3p As above34 

 Chmp2a miR-19a-3p, miR-19b-3p As above34 

 Vps4b miR-19a-3p, miR-19b-3p Encodes a protein responsible for the disassembly 

of ESCRT-III35  

 Rab31 miR-19a-3p, miR-19b-3p Encodes Rab22, required for recycling back out of 

the plasmatic membrane32 

 Arf3 miR-19a-3p, miR-19b-3p Small GTPase required for the integrity of 

recycling endosomes and the recycling pathway36 

 Vps37a miR-19b-3p Encodes the protein Vps37, which together with 

Tsg101, Vps28 and Mvb12, forms the ESCRT-I 

complex37 

 Vps37b miR-19b-3p As above18 

 Cav1 miR-19b-3p Encodes caveolin-1, shown to be important for the 

formation of caveolae17 

 



 Src miR-19a-3p, miR-19b-3p Its activation leads to plasmatic membrane ruffling 

and corresponding macropinocytosis32 

 Agap1 miR-19b-3p Encodes an endosome-associated ARF-GAP 

protein that affects the actin cytoskeleton38 

 Asap1 miR-19a-3p, miR-19b-3p Belongs to a family of multifunctional scaffold 

proteins that regulate membrane trafficking and 

actin remodelling39 

 Asap2 miR-19a-3p, miR-19b-3p Encodes an Arf-GAP that has been reported to 

bind proteins that function as part of the endocytic 

machinery40 

 Arfgap3 miR-19a-3p, miR-19b-3p A GTPase-activating protein that associates with 

the Golgi apparatus and regulates the vesicular 

trafficking pathway41 

 Arap2 miR-19b-3p Encodes an ArfGAP implicated in the regulation of 

actin and cell motility42 

 Arfgef1 miR-19a-3p, miR-19b-3p Encodes a protein responsible for the activation of 

Arf GTPases43 

 Arfgef2 miR-19a-3p, miR-19b-3p Encodes the brefeldin A-inhibited GEF2 protein 

(BIG2), required for vesicle and membrane 

trafficking from the trans-Golgi network44 

 Psd3 miR-19a-3p, miR-19b-3p Encodes a guanine nucleotide exchange factor for 

the small GTPase ARF6, which regulates 

membrane trafficking and the actin cytoskeleton45 
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