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1. Introduction

Reactome is a curated database of pathways and reactions in human biology. Reactions can be con-
sidered as pathway 'steps'. Reactome defines a 'reaction' as any event in biology that changes the 
state of a biological molecule. Binding, activation, translocation, degradation and classical bio-
chemical events involving a catalyst are all reactions. Information in the database is authored by 
expert biologists, entered and maintained by Reactome’s team of curators and editorial staff. Re-
actome content frequently cross-references other resources e.g. NCBI, Ensembl, UniProt, KEGG 
(Gene and Compound), ChEBI, PubMed and GO. Orthologous reactions inferred from annotation 
for Homo sapiens are available for 14 non-human species including mouse, rat, chicken, puffer 
fish, worm, fly and yeast. Pathways are represented by simple diagrams following an SBGN-like 
format.

Reactome's annotated data describe reactions possible if all annotated proteins and small mo-
lecules were present and active simultaneously in a cell. By overlaying an experimental dataset on 
these annotations, a user can perform a pathway over-representation analysis. By overlaying 
quantitative expression data or time series, a user can visualize the extent of change in affected 
pathways and its progression. A binomial test is used to calculate the probability shown for each 
result, and the p-values are corrected for the multiple testing (Benjamini–Hochberg procedure) 
that arises from evaluating the submitted list of identifiers against every pathway.

To learn more about our Pathway Analysis, please have a look at our relevant publications:

Fabregat A, Sidiropoulos K, Garapati P, Gillespie M, Hausmann K, Haw R, … D’Eustachio P (2016). 
The reactome pathway knowledgebase. Nucleic Acids Research, 44(D1), D481–D487. 

https://doi.org/10.1093/nar/gkv1351. 

Fabregat A, Sidiropoulos K, Viteri G, Forner O, Marin-Garcia P, Arnau V, … Hermjakob H (2017). 
Reactome pathway analysis: a high-performance in-memory approach. BMC Bioinformatics, 18. 

https://reactome.org Page 3

https://academic.oup.com/nar/article/44/D1/D481/2503122
https://bmcbioinformatics.biomedcentral.com/articles/10.1186/s12859-017-1559-2
https://reactome.org


2. Properties

This is an overrepresentation analysis: A statistical (hypergeometric distribution) test that de-
termines whether certain Reactome pathways are over-represented (enriched) in the submit-
ted data. It answers the question ‘Does my list contain more proteins for pathway X than 
would be expected by chance?’ This test produces a probability score, which is corrected for 

false discovery rate using the Benjamani-Hochberg method. 

•

11 out of 17 identifiers in the sample were found in Reactome, where 149 pathways were hit by 
at least one of them.

•

All non-human identifiers have been converted to their human equivalent. •

This report is filtered to show only results for species 'Homo sapiens' and resource 'all re-
sources'.

•

The unique ID for this analysis (token) is MjAyMzA4MTExMjU1NTZfNzU3NA%3D%3D. This 
ID is valid for at least 7 days in Reactome's server. Use it to access Reactome services with 
your data.

•
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3. Genome-wide overview
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This figure shows a genome-wide overview of the results of your pathway analysis. Reactome path-
ways are arranged in a hierarchy. The center of each of the circular "bursts" is the root of one top-

level pathway, for example "DNA Repair". Each step away from the center represents the next level 
lower in the pathway hierarchy. The color code denotes over-representation of that pathway in 
your input dataset. Light grey signifies pathways which are not significantly over-represented.
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4. Most significant pathways

The following table shows the 25 most relevant pathways sorted by p-value.

Entities Reactions
Pathway name

found ratio p-value FDR* found ratio

Interleukin-4 and Interleukin-13 
signaling

4 / 211 0.014 1.82e-04 0.028 2 / 47 0.003

Interferon Signaling 4 / 322 0.021 8.96e-04 0.067 4 / 79 0.006

Aggrephagy 2 / 47 0.003 0.002 0.083 4 / 15 0.001

Cytokine Signaling in Immune 
system

6 / 1,039 0.068 0.002 0.083 7 / 745 0.052

COPI-independent Golgi-to-ER 
retrograde traffic

2 / 63 0.004 0.003 0.099 3 / 7 4.89e-04

RAB geranylgeranylation 2 / 68 0.004 0.004 0.099 2 / 5 3.49e-04

Interleukin-10 signaling 2 / 86 0.006 0.006 0.12 1 / 15 0.001

Selective autophagy 2 / 89 0.006 0.007 0.12 4 / 48 0.003

Formation of the Editosome 1 / 8 5.25e-04 0.011 0.124 1 / 2 1.40e-04

Signaling by Interleukins 4 / 658 0.043 0.012 0.124 3 / 505 0.035

phospho-PLA2 pathway 1 / 9 5.91e-04 0.012 0.124 3 / 3 2.10e-04

Interferon alpha/beta signaling 2 / 129 0.008 0.014 0.124 2 / 25 0.002

mRNA Editing: C to U Conversion 1 / 10 6.57e-04 0.014 0.124 2 / 3 2.10e-04

Caspase-mediated cleavage of 
cytoskeletal proteins

1 / 12 7.88e-04 0.016 0.124 3 / 10 6.99e-04

mRNA Editing 1 / 12 7.88e-04 0.016 0.124 2 / 9 6.29e-04

Golgi-to-ER retrograde transport 2 / 148 0.01 0.018 0.124 5 / 18 0.001

Macroautophagy 2 / 150 0.01 0.018 0.124 4 / 87 0.006

Autophagy 2 / 166 0.011 0.022 0.124 15 / 108 0.008

Arachidonic acid metabolism 2 / 168 0.011 0.022 0.124 2 / 79 0.006

Interferon gamma signaling 2 / 177 0.012 0.024 0.124 2 / 23 0.002

Hydrolysis of LPC 1 / 18 0.001 0.025 0.124 2 / 6 4.19e-04

Acyl chain remodeling of CL 1 / 18 0.001 0.025 0.124 1 / 12 8.39e-04

Cell-extracellular matrix 
interactions

1 / 19 0.001 0.026 0.124 1 / 10 6.99e-04

Microtubule-dependent trafficking 
of connexons from Golgi to the 
plasma membrane

1 / 22 0.001 0.03 0.124 1 / 2 1.40e-04

Chaperone Mediated Autophagy 1 / 23 0.002 0.031 0.124 9 / 19 0.001

* False Discovery Rate
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5. Pathways details

For every pathway of the most significant pathways, we present its diagram, as well as a short sum-
mary, its bibliography and the list of inputs found in it.

Interleukin-4 and Interleukin-13 signaling (R-HSA-6785807)1. 

Interleukin-4 (IL4) is a principal regulatory cytokine during the immune response, crucially im-
portant in allergy and asthma (Nelms et al. 1999). When resting T cells are antigen-activated and ex-
pand in response to Interleukin-2 (IL2), they can differentiate as Type 1 (Th1) or Type 2 (Th2) T 
helper cells. The outcome is influenced by IL4. Th2 cells secrete IL4, which both stimulates Th2 in 
an autocrine fashion and acts as a potent B cell growth factor to promote humoral immunity 
(Nelms et al. 1999).
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Interleukin-13 (IL13) is an immunoregulatory cytokine secreted predominantly by activated Th2 
cells. It is a key mediator in the pathogenesis of allergic inflammation. IL13 shares many functional 
properties with IL4, stemming from the fact that they share a common receptor subunit. IL13 re-
ceptors are expressed on human B cells, basophils, eosinophils, mast cells, endothelial cells, fibro-
blasts, monocytes, macrophages, respiratory epithelial cells, and smooth muscle cells, but unlike 
IL4, not T cells. Thus IL13 does not appear to be important in the initial differentiation of CD4 T 
cells into Th2 cells, rather it is important in the effector phase of allergic inflammation (Hershey et 
al. 2003). 
 
IL4 and IL13 induce “alternative activation” of macrophages, inducing an anti-inflammatory phen-
otype by signaling through IL4R alpha in a STAT6 dependent manner. This signaling plays an im-
portant role in the Th2 response, mediating anti-parasitic effects and aiding wound healing (Gor-
don & Martinez 2010, Loke et al. 2002) 
 
There are two types of IL4 receptor complex (Andrews et al. 2006). Type I IL4R (IL4R1) is predomin-
antly expressed on the surface of hematopoietic cells and consists of IL4R and IL2RG, the common 
gamma chain. Type II IL4R (IL4R2) is predominantly expressed on the surface of nonhematopoietic 
cells, it consists of IL4R and IL13RA1 and is also the type II receptor for IL13. (Obiri et al. 1995, 
Aman et al. 1996, Hilton et al. 1996, Miloux et al. 1997, Zhang et al. 1997). The second receptor for 
IL13 consists of IL4R and Interleukin-13 receptor alpha 2 (IL13RA2), sometimes called Interleukin-
13 binding protein (IL13BP). It has a high affinity receptor for IL13 (Kd = 250 pmol/L) but is not suf-
ficient to render cells responsive to IL13, even in the presence of IL4R (Donaldson et al. 1998). It is 
reported to exist in soluble form (Zhang et al. 1997) and when overexpressed reduces JAK-STAT sig-
naling (Kawakami et al. 2001). It's function may be to prevent IL13 signalling via the functional 
IL4R:IL13RA1 receptor. IL13RA2 is overexpressed and enhances cell invasion in some human can-
cers (Joshi & Puri 2012).

The first step in the formation of IL4R1 (IL4:IL4R:IL2RB) is the binding of IL4 with IL4R (Hoffman 
et al. 1995, Shen et al. 1996, Hage et al. 1999). This is also the first step in formation of IL4R2 
(IL4:IL4R:IL13RA1). After the initial binding of IL4 and IL4R, IL2RB binds (LaPorte et al. 2008), to 
form IL4R1. Alternatively, IL13RA1 binds, forming IL4R2. In contrast, the type II IL13 complex 
(IL13R2) forms with IL13 first binding to IL13RA1 followed by recruitment of  IL4R (Wang et al. 
2009).

Crystal structures of the IL4:IL4R:IL2RG, IL4:IL4R:IL13RA1 and IL13:IL4R:IL13RA1 complexes have 
been determined (LaPorte et al. 2008). Consistent with these structures, in monocytes IL4R is tyr-
osine phosphorylated in response to both IL4 and IL13 (Roy et al. 2002, Gordon & Martinez 2010) 
while IL13RA1 phosphorylation is induced only by IL13 (Roy et al. 2002, LaPorte et al. 2008) and 
IL2RG phosphorylation is induced only by IL4 (Roy et al. 2002).

Both IL4 receptor complexes signal through Jak/STAT cascades. IL4R is constitutively-associated 
with JAK2 (Roy et al. 2002) and associates with JAK1 following binding of IL4 (Yin et al. 1994) or IL13 
(Roy et al. 2002). IL2RG constitutively associates with JAK3 (Boussiotis et al. 1994, Russell  et al. 
1994). IL13RA1 constitutively associates with TYK2 (Umeshita-Suyama et al. 2000, Roy et al. 2002, 
LaPorte et al. 2008, Bhattacharjee et al. 2013).

IL4 binding to IL4R1 leads to phosphorylation of JAK1 (but not JAK2) and STAT6 activation (Takeda 
et al. 1994, Ratthe et al. 2007, Bhattacharjee et al. 2013).

https://reactome.org Page 8

https://reactome.org


IL13 binding increases activating tyrosine-99 phosphorylation of IL13RA1 but not that of IL2RG. IL4 
binding to IL2RG leads to its tyrosine phosphorylation (Roy et al. 2002). IL13 binding to IL4R2 leads 
to TYK2 and JAK2 (but not JAK1) phosphorylation (Roy & Cathcart 1998, Roy et al. 2002).

Phosphorylated TYK2 binds and phosphorylates STAT6 and possibly STAT1 (Bhattacharjee et al. 
2013).

A second mechanism of signal transduction activated by IL4 and IL13 leads to the insulin receptor 
substrate (IRS) family (Kelly-Welch et al. 2003). IL4R1 associates with insulin receptor substrate 2 
and activates the PI3K/Akt and Ras/MEK/Erk pathways involved in cell proliferation, survival and 
translational control. IL4R2 does not associate with insulin receptor substrate 2 and consequently 
the PI3K/Akt and Ras/MEK/Erk pathways are not activated (Busch-Dienstfertig & González-
Rodríguez 2013).

References

Ryan JJ, Nelms K, Paul WE, Zamorano J & Keegan AD (1999). The IL-4 receptor: signaling mechan-

isms and biologic functions. Annu. Rev. Immunol., 17, 701-38. 

Hershey GK (2003). IL-13 receptors and signaling pathways: an evolving web. J. Allergy Clin. Im-

munol., 111, 677-90; quiz 691. 

Edit history

Date Action Author

2015-07-01 Authored Jupe S

2015-07-01 Created Jupe S

2016-09-02 Edited Jupe S

2016-09-02 Reviewed Leibovich SJ

2023-05-30 Modified Wright A

2 submitted entities found in this pathway, mapping to 4 Reactome entities

Input UniProt Id Input UniProt Id

Icam1 P05362 Vim P08670

Input Ensembl Id Input Ensembl Id

Icam1 ENSG00000090339 Vim ENSG00000026025

https://reactome.org Page 9

http://www.ncbi.nlm.nih.gov/pubmed/10358772
http://www.ncbi.nlm.nih.gov/pubmed/12704343
https://reactome.org


Interferon Signaling (R-HSA-913531)2. 
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Interferons (IFNs) are cytokines that play a central role in initiating immune responses, especially 
antiviral and antitumor effects. There are three types of IFNs:Type I (IFN-alpha, -beta and others, 
such as omega, epsilon, and kappa), Type II (IFN-gamma) and Type III (IFN-lamda). In this module 
we are mainly focusing on type I IFNs alpha and beta and type II IFN-gamma. Both type I and type 
II IFNs exert their actions through cognate receptor complexes, IFNAR and IFNGR respectively, 
present on cell surface membranes. Type I IFNs are broadly expressed heterodimeric receptors 
composed of the IFNAR1 and IFNAR2 subunits, while the type II IFN receptor consists of IFNGR1 
and IFNGR2. Type III interferon lambda has three members: lamda1 (IL-29), lambda2 (IL-28A), and 
lambda3 (IL-28B) respectively. IFN-lambda signaling is initiated through unique heterodimeric re-
ceptor composed of IFN-LR1/IF-28Ralpha and IL10R2 chains.

Type I IFNs typically recruit JAK1 and TYK2 proteins to transduce their signals to STAT1 and 2; in 
combination with IRF9 (IFN-regulatory factor 9), these proteins form the heterotrimeric complex 
ISGF3. In nucleus ISGF3 binds to IFN-stimulated response elements (ISRE) to promote gene induc-
tion.

Type II IFNs in turn rely upon the activation of JAKs 1 and 2 and STAT1. Once activated, STAT1 di-
merizes to form the transcriptional regulator GAF (IFNG activated factor) and this binds to the 
IFNG activated sequence (GAS) elements and initiate the transcription of IFNG-responsive genes.

Like type I IFNs, IFN-lambda recruits TYK2 and JAK1 kinases and then promote the phosphoryla-
tion of STAT1/2, and induce the ISRE3 complex formation.

References

Schroder K, Ravasi T, Hume DA & Hertzog PJ (2004). Interferon-gamma: an overview of signals, 

mechanisms and functions. J Leukoc Biol, 75, 163-89. 

Platanias LC (2005). Mechanisms of type-I- and type-II-interferon-mediated signalling. Nat Rev Im-

munol, 5, 375-86. 

Gough DJ, Levy DE, Clarke CJ & Johnstone RW (2008). IFNgamma signaling-does it mean JAK-

STAT?. Cytokine Growth Factor Rev, 19, 383-94. 
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Ferreira PC, Bonjardim CA & Kroon EG (2009). Interferons: signaling, antiviral and viral evasion. 

Immunol Lett, 122, 1-11. 

Platanias LC & Uddin S (2004). Mechanisms of type-I interferon signal transduction. J Biochem Mol 

Biol, 37, 635-41. 
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Aggrephagy (R-HSA-9646399)3. 

Cellular compartments: cytosol.

When the capacity of the proteosome to degrade misfolded proteins is limited, the alternate route 
to eliminate denatured proteins is via forming aggresomes - a process known as aggrephagy. Aggre-
some formation starts with ubiquitination of misfolded proteins following transport to the microtu-
bule-organizing center (MTOC) with the help of dynein motor proteins. At the MTOC the cargo is 
encapsulated with intermediate filament proteins to result in the aggresome. Subsequently, this ag-
gresome recruits chaperones that result in its autophagic elimination (Garcia Mata R et al. 2002).

References

Gao YS, Sztul E & Garcia-Mata R (2002). Hassles with taking out the garbage: aggravating aggre-

somes. Traffic, 3, 388-96. 
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Cytokine Signaling in Immune system (R-HSA-1280215)4. 
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Cytokines are small proteins that regulate and mediate immunity, inflammation, and hematopoies-
is. They are secreted in response to immune stimuli, and usually act briefly, locally, at very low 
concentrations. Cytokines bind to specific membrane receptors, which then signal the cell via 
second messengers, to regulate cellular activity.

References

Feldmann M & Oppenheim J (2002). Cytokines and the immune system, Cytokine Reference .
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Santamaria P (2003). Cytokines and chemokines in autoimmune disease: an overview. Adv Exp Med 

Biol, 520, 1-7. 
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COPI-independent Golgi-to-ER retrograde traffic (R-HSA-6811436)5. 

In addition to the better characterized COPI-dependent retrograde Golgi-to-ER pathway, a second 
COPI-independent pathway has also been identified.  This pathway is RAB6 dependent and trans-
ports cargo such as glycosylation enzymes and Shiga and Shiga-like toxin through tubular carriers 
rather than vesicles (White et al, 1999; Girod et al, 1999; reviewed in Heffernan and Simpson, 2014). 
In the absence of a COPI coat, the membrane curvature necessary to initiate tubulation may be 
provided through the action of phospholipase A, which hydrolyzes phospholipids at the sn2 posi-
tion to yield lysophospholipids. This activity is countered by lysophospholipid acyltransferases, and 
the balance of these may influence whether transport tubules or transport vesicles form (de 
Figuiredo et al, 1998; reviewed in Bechler et al, 2012). RAB6-dependent tubules also depend on the 
dynein-dynactin motor complex and the hoomodimeric Bicaudal proteins (Matanis et al, 2002; Ya-
mada et al, 2013; reviewed in Heffernan and Simpson, 2014).

References
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RAB geranylgeranylation (R-HSA-8873719)6. 

Human cells have more than 60 RAB proteins that are involved in trafficking of proteins in the en-
dolysosomal system. These small GTPases contribute to trafficking specificity by localizing to the 
membranes of different endocytic compartments and interacting with effectors such as sorting ad-
aptors, tethering factors, kinases, phosphatases and tubular-vesicular cargo (reviewed in Stenmark 
et al, 2009; Wandinger-Ness and Zerial, 2014). RAB localization depends on a number of factors in-
cluding C-terminal prenylation, the sequence of an upstream hypervariable regions and what nuc-
leotide is bound (Chavrier et al, 1991; Ullrich et al, 1993; Soldati et al, 1994; Farnsworth et al, 1994; 
Seabra, 1996; Wu et al, 2010; reviewed in Stenmark, 2009; Wandinger-Ness and Zerial, 2014). In the 
active, GTP-bound form, prenylated RAB proteins are membrane associated, while in the inactive 
GDP-bound form, RABs are extracted from the target membrane and exist in a soluble form in com-
plex with GDP dissociation inhibitors (GDIs) (Ullrich et al, 1993; Soldati et al, 1994; Gavriljuk et al, 
2103). Conversion between the inactive and active form relies on the activities of RAB guanine nuc-
leotide exchange factors (GEFs) and GTPase activating proteins (GAPs) (Yoshimura et al, 2010; Wu 
et al, 2011; Pan et al, 2006; Frasa et al, 2012; reviewed in Stenmark, 2009; Wandinger-Ness and Zeri-
al, 2014).

Newly synthesized RABs are bound by a RAB escort protein, CHM (also known as REP1) or CHML 
(REP2) (Alexandrov et al, 1994; Shen and Seabra, 1996). CHM/REP proteins are the substrate-bind-
ing component of the trimeric RAB geranylgeranyltransferase enzyme (GGTaseII) along with the 
two catalytic subunits RABGGTA and RABGGTB (reviewed in  Gutkowska and Swiezewska, 2012; 
Palsuledesai and Distefano, 2015). REP proteins recruit the unmodified RAB in its GDP-bound state 
to the GGTase for sequential geranylgeranylation at one or two C-terminal cysteine residues (Alex-
androv et al, 1994; Seabra et al 1996; Shen and Seabra, 1996; Baron and Seabra, 2008). After geranyl-
geranylation, CHM/REP proteins remain in complex with the geranylgeranylated RAB and escort it 
to its target membrane, where its activity is regulated by GAPs, GEFs, GDIs and membrane-bound 
GDI displacement factors (GDFs) (Sivars et al, 2003; reviewed in Stenmark, 2009; Wandinger-Ness 
and Zerial, 2014).
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Interleukin-10 signaling (R-HSA-6783783)7. 

Interleukin-10 (IL10) was originally described as a factor named cytokine synthesis inhibitory 
factor that  inhibited T-helper (Th) 1 activation and Th1 cytokine production (Fiorentino et al. 1989). 
It was found to be expressed by a variety of cell types including macrophages, dendritic cell sub-
sets, B cells, several T-cell subpopulations including Th2 and T-regulatory cells (Tregs) and Natural 
Killer (NK) cells (Moore et al. 2001). It is now recognized that the biological effects of IL10 are direc-
ted at antigen-presenting cells (APCs) such as macrophages and dendritic cells (DCs), its effects on 
T-cell development and differentiation are largely indirect via inhibition of macrophage/dendritic 
cell activation and maturation (Pestka et al. 2004, Mocellin et al. 2004). T cells are thought to be the 
main source of IL10 (Hedrich & Bream 2010). IL10 inhibits a broad spectrum of activated macro-
phage/monocyte functions including monokine synthesis, NO production, and expression of class 
II MHC and costimulatory molecules such as IL12 and CD80/CD86 (de Waal Malefyt et al. 1991, 
Gazzinelli et al. 1992). Studies with recombinant cytokine and neutralizing antibodies revealed 
pleiotropic activities of IL10 on B, T, and mast cells (de Waal Malefyt et al. 1993, Rousset et al. 1992, 
Thompson-Snipes et al. 1991) and provided evidence for the in vivo significance of IL10 activities 
(Ishida et al. 1992, 1993). IL10 antagonizes the expression of MHC class II and the co-stimulatory 
molecules CD80/CD86 as well as the pro-inflammatory cytokines IL1Beta, IL6, IL8, TNFalpha and 
especially IL12 (Fiorentino et al. 1991, D'Andrea et al. 1993). The biological role of IL10 is not lim-
ited to inactivation of APCs, it also enhances B cell, granulocyte, mast cell, and keratinocyte 
growth/differentiation, as well as NK-cell and CD8+ cytotoxic T-cell activation (Moore et al. 2001, 
Hedrich & Bream 2010). IL10 also enhances NK-cell proliferation and/or production of IFN-gamma 
(Cai et al. 1999).

IL10-deficient mice exhibited inflammatory bowel disease (IBD) and other exaggerated inflammat-
ory responses (Kuhn et al. 1993, Berg et al. 1995) indicating a critical role for IL10 in limiting in-
flammatory responses. Dysregulation of IL10 is linked with susceptibility to numerous infectious 
and autoimmune diseases in humans and mouse models (Hedrich & Bream 2010).

IL10 signaling is initiated by binding of homodimeric IL10 to the extracellular domains of two ad-
joining IL10RA molecules. This tetramer then binds two IL10RB chains. IL10RB cannot bind to IL10 
unless bound to IL10RA (Ding et al. 2001, Yoon et al. 2006); binding of IL10 to IL10RA without the 
co-presence of IL10RB fails to initiate signal transduction (Kotenko et al. 1997).
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IL10 binding activates the receptor-associated Janus tyrosine kinases, JAK1 and TYK2, which are 
constitutively bound to IL10R1 and IL10R2 respectively. In the classic model of receptor activation 
assembly of the receptor complex is believed to enable JAK1/TYK2 to phosphorylate and activate 
each other. Alternatively the binding of IL10 may cause conformational changes that allow the 
pseudokinase inhibitory domain of one JAK kinase to move away from the kinase domain of the 
other JAK within the receptor dimer-JAK complex, allowing the two kinase domains to interact and 
trans-activate (Waters & Brooks 2015).

The activated JAK kinases phosphorylate the intracellular domains of the IL10R1 chains on specific 
tyrosine residues. These phosphorylated tyrosine residues and their flanking peptide sequences 
serve as temporary docking sites for the latent, cytosolic, transcription factor, STAT3. STAT3 transi-
ently docks on the IL10R1 chain via its SH2 domain, and is in turn tyrosine phosphorylated by the 
receptor-associated JAKs. Once activated, it dissociates from the receptor, dimerizes with other 
STAT3 molecules, and translocates to the nucleus where it binds with high affinity to STAT-binding 
elements (SBEs) in the promoters of IL-10-inducible genes (Donnelly et al. 1999).
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Selective autophagy (R-HSA-9663891)8. 
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Cellular compartments: phagophore assembly site membrane, phagocytic vesicle, lysosomal lu-
men, autophagosome membrane, phagocytic vesicle membrane, cytosol, lysosomal membrane, 
autophagosome.

Autophagy can be a selective process where specific cargo (organelles/proteins) are targetted to de-
gradation in the lysosome. In general, selective autophagy is initiated when a cellular signal tags 
the cargo organelle for degradation. Subsequently, cargo recognition proteins detect and recruit 
the organelle to interact directly or indirectly with Atg proteins forming the phagophore. The next 
steps involve formation of the autophagosome and fusion with the lysosome for degradation. De-
pending upon the organelle, different molecules are used to for the autophagy mechanism 
(Andling AL et al. 2017). Consequently, the different mechanisms are known by the organelle de-
graded such as mitophagy for mitochondia, lipophagy for lipid droplets, pexophagy for peroxi-
somes and aggrephagy for aggregated proteins.

References

Anding AL & Baehrecke EH (2017). Cleaning House: Selective Autophagy of Organelles. Dev. Cell, 

41, 10-22. 

Edit history

Date Action Author

2019-10-17 Created Varusai TM

2019-11-08 Edited Varusai TM

2019-11-08 Authored Varusai TM

2023-05-21 Modified Wright A

2 submitted entities found in this pathway, mapping to 2 Reactome entities

Input UniProt Id Input UniProt Id

Tubb6 Q9BUF5 Vim P08670

https://reactome.org Page 22

https://reactome.org/content/detail/R-HSA-9663891
http://www.ncbi.nlm.nih.gov/pubmed/28399394
https://reactome.org


Input UniProt Id Input UniProt Id

https://reactome.org Page 23

https://reactome.org


Formation of the Editosome (R-HSA-75094)9. 

Cellular compartments: nucleoplasm.

The editosome for C to U editing in mammals consist of a member of cytidine deaminase family of 
enzymes, apoB mRNA editig catalytic polypeptide 1 (APOBEC-1) and a complementing specificity 
factor (ACF) in addition to the target mRNA.
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Signaling by Interleukins (R-HSA-449147)10. 
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Cellular compartments: plasma membrane.

Interleukins are low molecular weight proteins that bind to cell surface receptors and act in an 
autocrine and/or paracrine fashion. They were first identified as factors produced by leukocytes 
but are now known to be produced by many other cells throughout the body. They have pleiotropic 
effects on cells which bind them, impacting processes such as tissue growth and repair, hematopoi-
etic homeostasis, and multiple levels of the host defense against pathogens where they are an es-
sential part of the immune system.
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phospho-PLA2 pathway (R-HSA-111995)11. 

Cellular compartments: endoplasmic reticulum membrane, endoplasmic reticulum lumen, 
cytosol.

Phospholipase A2 (PLA2) enzymes hydrolyze arachidonic acid (AA) from the sn-2 position of phos-
pholipids. AA is a precursor of eicosanoids, lipid mediators involved in inflammtory responses. 
PLA2 enzymes function as regulators of phospholipid acyl turnover, either as housekeepers for 
membrane repair or for the production of imflammatory lipid mediators. There are diverse forms 
of PLA2 enyzmes including secretory (sPLA2), calcium-independent and cytosolic (cPLA2). The 
cPLA2 form which mediates arachidonic acid release is annotated here.
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Interferon alpha/beta signaling (R-HSA-909733)12. 

Type I interferons (IFNs) are composed of various genes including IFN alpha (IFNA), beta (IFNB), 
omega, epsilon, and kappa. In humans the IFNA genes are composed of more than 13 subfamily 
genes, whereas there is only one IFNB gene. The large family of IFNA/B proteins all bind to a single 
receptor which is composed of two distinct chains: IFNAR1 and IFNAR2. The IFNA/B stimulation of 
the IFNA receptor complex leads to the formation of two transcriptional activator complexes: 
IFNA-activated-factor (AAF), which is a homodimer of STAT1 and IFN-stimulated gene factor 3 
(ISGF3), which comprises STAT1, STAT2 and a member of the IRF family, IRF9/P48. AAF mediates 
activation of the IRF-1 gene by binding to GAS (IFNG-activated site), whereas ISGF3 activates sever-
al IFN-inducible genes including IRF3 and IRF7.
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mRNA Editing: C to U Conversion (R-HSA-72200)13. 

Cellular compartments: nucleoplasm.

The best characterized case of C to U editing is in the intestinal apolipoprotein B transcript, where 
the editing event creates a premature translation stop codon and consequently leads to a shorter 
form of the protein. In the liver, C to U editing is important in the expression of specific isoforms of 
the apolipoprotein B enzyme. ApoB mRNA  editing  is a posttranscriptional, nuclear process that 
can be initiated after splicing, at the time of polyadenylation and is completed by the time pre-
mRNA matures fully (reviewed by Blanc and Davidson, 2003).

This editing event is a simple hydrolytic cytidine deamination to uridine, and is carried out by the 
Apobec-1 enzyme, along with the Apobec-1 complementing factor, ACF. The editing of apo-B 
mRNA involves the site-specific deamination of (C6666 to U), which converts codon 2153 from a 
glutamine codon, CAA, to a premature stop codon, UAA.  As ACF is distributed in a variety of tis-
sues, and these genes contain multiple family members, it is possible that editing events in addi-
tional targets will be found.

The cis-acting regulatory elements for C to U editing include: 22 nt editing site within ApoB mRNA, 
5' tripartite motif with an enhancer element adjacent to the target cytidine, a spacer element and 
mooring sequence both 3' to the cytidine (reviewed by Smith et al., 1997).
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Caspase-mediated cleavage of cytoskeletal proteins (R-HSA-264870)14. 

Caspase-mediated  cleavage of a number of proteins in the cortical actin network (  ) microfilament 
system and others involved  in maintenance of the cytoskeletal architecture (vimentin, or Gas2 and 
plectin) may directly contribute to apoptotic changes in cell shape.
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mRNA Editing (R-HSA-75072)15. 

Cellular compartments: nucleoplasm.

After transcription, some RNA molecules are altered to contain bases not encoded in the genome. 
Most often this involves the editing or modification of one base to another, but in some organisms 
can involve the insertion or deletion of a base. Such editing events alter the coding properties of 
mRNA.

RNA editing can be generally defined as the co- or post transcriptional modification of  the primary 
sequence of RNA from that encoded in the genome through nucleotide deletion, insertion, or base 
modification mechanisms.

There are two pathways of RNA editing:  the substitution/conversion pathway and the insertion/de-
letion pathway. The  insertion/deletion editing occurs in protozoans like Trypanosoma, Leish-
mania; in slime molds like Physarum spp., and in some viral categories like paramyxoviruses, 
Ebola virus etc. To date, the substitution/conversion pathway has been observed in human along 
with other mammals, Drosophila, and some plants. The  RNA editing processes are known to create 
diversity in proteins involved in various pathways like lipid transport, metabolism etc. and may act 
as potential targets for therapeutic intervention (Smith et al., 1997).

The reaction mechanisms of cytidine and adenosine deaminases is represented below.  In both 
these reactions, NH3 is presumed to be released:
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Golgi-to-ER retrograde transport (R-HSA-8856688)16. 

Retrograde traffic from the cis-Golgi to the ERGIC or the ER occurs through either COPI-coated ves-
icles or through a less well characterized RAB6-dependent route that makes use of tubular carriers 
(reviewed in Lord et al, 2013; Spang et al, 2013; Heffernan and Simpson, 2014). The balance 
between these two pathways may be influenced  cargo type and concentration and membrane com-
position, though the details remain to be worked out (reviewed in Heffernan and Simpson, 2014).
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Macroautophagy (R-HSA-1632852)17. 

Macroautophagy (hereafter referred to as autophagy) acts as a buffer against starvation by liberat-
ing building materials and energy sources from cellular components. It has additional roles in em-
bryonic development, removal of apoptotic cells or organelles, antigen presentation, protection 
against toxins and as a degradation route for aggregate-prone proteins and infectious agents. The 
dysregulation of autophagy is involved in several human diseases, for example, Crohn's disease, 
cancer and neurodegeneration (Ravikumar et al. 2010).

Autophagy is highly conserved from yeast to humans; much of the machinery was first identified in 
yeast (see Klionsky et al. 2011). Initially, double-membraned cup-shaped structures called the isola-
tion membrane or phagophore engulf portions of cytoplasm. The membranes fuse to form the 
autophagosome. In yeast cells, autophagosomes are formed at the phagophore assembly site (PAS) 
next to the vacuole. In mammals, autophagosomes appear throughout the cytoplasm then move 
along microtubules towards the microtubule-organising centre. This transport requires microtu-
bules and the function of dynein motor proteins; depolymerization of microtubules or inhibition of 
dynein-dependent transport results in inhibition of autophagy (Kochl et al. 2006, Kimura et al. 
2008). Autophagosomes fuse with lysosomes forming autolysosomes whose contents are degraded 
by lysosomal hydrolases (Mizushima et al. 2011).
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The origins of the autophagosomal membrane and the  incorporation of existing membrane mater-
ial have been extensively debated. The endoplasmic reticulum (ER), mitochondria, mitochondria-
associated ER membranes (MAMs), the Golgi, the plasma membrane and recycling endosomes 
have all been implicated in the nucleation of the isolation membrane and subsequent growth of the 
membrane (Lamb et al. 2013). Recently 3D tomographic imaging of isolation membranes has 
shown the cup-shaped isolation membrane tightly sandwiched between two sheets of ER and phys-
ically connected to the ER through a narrow membrane tube (Hayashi-Nishino et al. 2009, Yla-Ant-
tila et al. 2009). This suggests that isolation membrane formation and elongation are guided by ad-
jacent ER sheets, supporting the now prevalent 'ER cradle' model, which suggests that the isolation 
membrane arises from the ER (Hayashi-Nishino et al. 2009, Shibutani & Yoshimori 2014).

Autophagy is tightly regulated. The induction of autophagy in response to starvation is partly medi-
ated by inactivation of the mammalian target of rapamycin (mTOR) (Noda & Ohsumi 1998) and ac-
tivation of Jun N-terminal kinase (JNK), while energy loss induces autophagy by activation of AMP 
kinase (AMPK). Other pathways regulating autophagy are regulated by calcium, cyclic AMP, 
calpains and the inositol trisphosphate (IP3) receptor (Rubinsztein et al. 2012).

In mammals, two complexes cooperatively produce the isolation membrane. The ULK complex 
consists of ULK1/2, ATG13, (FIP200) and ATG101 (Alers et al. 2012). The PIK3C3-containing Beclin-1 
complex consists of PIK3C3 (Vps34), BECN1 (Beclin-1, Atg6), PIK3R4 (p150, Vps15) and ATG14 
(Barkor) (Matsunaga et al. 2009, Zhong et al. 2009). A similar complex where ATG14 is replaced by 
UVRAG functions later in autophagosome maturation and endocytic traffic (Itakura et al. 2008, Li-
ang et al. 2008). Binding of KIAA0226 to this complex negatively regulates the maturation process 
(Matsunaga et al. 2009). The ULK and Beclin-1 complexes are recruited to specific autophagosome 
nucleation regions where they stimulate phosphatidylinositol-3-phosphate (PI3P) production and 
facilitate the elongation and initial membrane curvature of the phagophore membrane (Carlsson & 
Simonsen 2015).

The ULK complex is considered the most upstream component of the mammalian autophagy path-
way (Itakura & Mizushima 2010), acting as an integrator of the autophagy signals downstream of 
mTORC1. It is not fully understood how ULK1 is modulated in response to environmental cues. 
Phosphorylation plays an essential role (Dunlop & Tee 2013) but it is not clear how phosphorylation 
regulates ULK1 activities (Ravikumar et al. 2010). ULK1 kinase activity is required for autophagy, 
but the substrate(s) of ULK1 that mediate its autophagic function are not certain. ULK1 may also 
have kinase-independent functions in autophagy (Wong et al. 2013).

PIK3C3 (Vps34) is a class III phosphatidylinositol 3-kinase that produces PI3P. It is essential for the 
early stages of autophagy and colocalizes strongly with early autophagosome markers (Axe et al. 
2008). BECN1 binds several further proteins that affect autophagosome formation. Partners that in-
duce autophagy include AMBRA1 (Fimia et al. 2007), UVRAG (Liang et al. 2006) and SH3GLB1 (Taka-
hashi et al. 2007). Binding of BCL2 or BCL2L1 (Bcl-xL) inhibit autophagy (Pattingre et al. 2005, 
Ciechomska et al. 2009). The inositol 1,4,5-trisphosphate receptor complex that binds BCL2 also in-
teracts with BECN1, inhibiting autophagy (Vincencio et al. 2009). CISD2 (Nutrient-deprivation auto-
phagy factor-1, NAF1), a component in the IP3R complex, interacts with BCL2 at the ER and stabil-
izes the BCL2-BECN1 interaction (Chang et al. 2010). Starvation leads to activation of c-Jun NH2-ter-
minal kinase-1 (JNK1), which results in the phosphorylation of BCL2 and BCL2L1, which release 
their binding to BECN1 and thus induces autophagosome formation (Wei et al. 2008).
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AMBRA1 can simultaneously bind dynein and the Beclin-1 complex.  During nutrient starvation, 
AMBRA1 is phosphorylated in a ULK1-dependent manner (Di Bartolomeo et al. 2010). This phos-
phorylation releases AMBRA1-associated Beclin-1 complexes from dynein and the microtubule net-
work, freeing the complex to translocate to autophagy initiation sites (Di Bartolomeo et al. 2010).

A characteristic of this early phase of autophagosome formation is the formation of PI3P-enriched 
ER-associated structures called omegasomes (Axe et al. 2008) or cradles (Hayashi-Nishino et al. 
2009). Omegasomes appear to concentrate at or near the connected mitochondria-associated ER 
membrane (Hamasaki et al. 2013). However, the phagophore also can incorporate existing material 
from other membrane sources such as ER exit sites (ERES), the ER-Golgi intermediate compart-
ment (ERGIC), the Golgi, the plasma membrane and recycling endosomes (Carlsson & Simonsen 
2015). Omegasomes lead to the formation of the isolation membrane or phagophore, which is 
thought to form de novo by an unknown mechanism (Simonsen & Stenmark 2008, Roberts & Ktista-
kis 2013). Phagophore expansion is probably mediated by membrane uptake from endomembranes 
and semi-autonomous organelles (Lamb et al. 2013, Shibutani & Yoshimori 2014).

ATG9 is a direct target of ULK1. In nutrient-rich conditions mammalian ATG9 is localized to the 
trans-Golgi network and endosomes (including early, late and recycling endosomes), whereas un-
der starvation conditions it is localized to autophagosomes, in a process that is dependent on ULK1 
(Young et al. 2006). ATG9 is believed to play a role in the delivery of vesicles derived from existing 
membranes to the expanding phagophore (Lamb et al. 2013). Yeast Atg9 forms a complex with Atg2 
and Atg18 (Reggiori et al. 2004).

PI3P produced at the initiation site is sensed by WIPI2b, the mammalian homologue of Atg18 
(Polson et al. 2010). WIPI2b then recruits Atg16L1 (Dooley et al. 2014). There are four WIPI proteins 
in mammalian cells (Proikas-Cezanne et al. 2015). They are all likely bind PI3P and be recruited to 
membranes but the function of WIPI1, 3 and 4 in autophagy is not yet clear. WIPI4 (WDR45) has 
been shown to bind Atg2 and to be involved in lipid droplet formation (Velikkakath et al. 2012); 
mutations in WIPI4 have been shown to cause a neurodegenerative disease (Saitsu et al. 2013).

The elongation of the membrane that will become the autophagosome is regulated by two ubiquit-
ination-like reactions. First, the ubiquitin-like molecule ATG12 is conjugated to ATG5 by ATG7, 
which acts as an E1-like activating enzyme, and ATG10, which has a role similar to an E2 ubiquitin-
conjugating enzyme. The ATG5:ATG12 complex then interacts non-covalently with ATG16L1. This 
complex associates with the forming autophagosome but dissociates from completed autophago-
somes (Geng & Klionski 2008). The second ubiquitin-like reaction involves the conjugation of ubi-
quitin-like molecules of the LC3 family (Weidberg et al. 2010). LC3 proteins are conjugated through 
their C-terminal glycine residues with PE by the E1-like ATG7 and E2-like ATG3. This allows LC3 
proteins to associate with the autophagosome membrane.
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The ATG12:ATG5:ATG16L1 complex (Mizushima et al., 2011) acts as an E3 like enzyme for the con-
jugation of LC3 family proteins (mammalian homologues of yeast Atg8) to phosphatidylethanolam-
ine (PE) (Hanada et al. 2007, Fujita et al. 2008). LC3 PE can be deconjugated by the protease ATG4 
(Li et al. 2011, 2012). ATG4 is also responsible for priming LC3 proteins by cleaving the C terminus 
to expose a glycine residue (Kirisako et al, 2000, Scherz Shouval et al. 2007). LC3 proteins remain as-
sociated with autophagosomes until they fuse with lysosomes. The LC3-like proteins inside the res-
ulting autolysosomes are degraded, while those on the cytoplasmic surface are delipidated and re-
cycled. ATG5:ATG12:ATG16L1-positive LC3-negative vesicles represent pre-autophagosomal struc-
tures (pre-phagophores and possibly early phagophores), ATG5:ATG12:ATG16L1-positive LC3-posit-
ive structures can be considered to be phagophores, and ATG5:ATG12:ATG16L1-negative LC3-posit-
ive vesicles can be regarded as mature autophagosomes (Tandia et al. 2011).

Phagophore expansion is probably mediated by membrane uptake from endomembranes as well as 
from semiautonomous organelles (Lamb et al. 2013, Shibutani & Yoshimori 2014).

The mechanisms involved in the closure of the phagophore membrane are poorly understood. As 
the phagophore is a double-membraned structure, its closure involves the fusion of a narrow open-
ing, a process that is distinct from other membrane fusion events (Carlsson & Simonsen 2015). The 
topology of the phagophore is similar to that of cytokinesis, viral budding or multivesicular body 
(MVB) formation. These processes rely on the Endosomal Sorting Complex Required for Transport 
(ESCRT) (Rusten et al. 2012). ESCRT and associated proteins facilitate membrane budding away 
from the cytosol and subsequent cleavage of the bud neck (Hurley & Hanson 2010). Several studies 
have shown that depletion of ESCRT subunits or the regulatory ATPase Vps4 causes an accumula-
tion of autophagosomes (Filimonenko et al. 2007, Rusten et al. 2007) but it is not clear whether ES-
CRTs are required for autophagosome closure or for autophagosome to endosome fusion. UVRAG 
is also involved in the maturation step, recruiting proteins that bring about membrane fusion such 
as the class C Vps proteins, which activate Rab7 thereby promoting fusion with late endosomes and 
lysosomes (Liang et al. 2008).
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Autophagy (R-HSA-9612973)18. 
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Autophagy is an intracellular degradation process that is triggered by cellular stresses. There are 
three primary types of autophagy - macroautophagy, chaperone-mediated autophagy (CMA) and 
late endosomal microautophagy. Despite being morphologically distinct, all three processes cul-
minate in the delivery of cargo to the lysosome for degradation and recycling (Parzych KR et al, 
2014). In macroautophagy a double membrane compartment sequesters the cargo and delivers it to 
the lysosome. Chaperones are used to deliver specific cargo proteins to the lysosome in CMA. In 
microautophagy invaginations of the endosomal membrane are used to capture cargo from the 
cytosol. Autophagy can target a wide range of entities ranging from bulk proteins and lipids to cell 
organelles and pathogens giving rise to several subclasses such as mitophagy, lipophagy, xeno-
phagy, etc. (Shibutani ST 2014 et al).

References

Shibutani ST & Yoshimori T (2014). A current perspective of autophagosome biogenesis. Cell Res., 

24, 58-68. 

Parzych KR & Klionsky DJ (2014). An overview of autophagy: morphology, mechanism, and regula-

tion. Antioxid. Redox Signal., 20, 460-73. 

Edit history

Date Action Author

2015-02-02 Authored Jupe S

2015-05-13 Edited Jupe S

2018-07-05 Created Varusai TM

2019-02-21 Authored Varusai TM

2023-05-21 Modified Wright A

2 submitted entities found in this pathway, mapping to 2 Reactome entities

https://reactome.org Page 43

https://reactome.org/content/detail/R-HSA-9612973
http://www.ncbi.nlm.nih.gov/pubmed/24296784
http://www.ncbi.nlm.nih.gov/pubmed/23725295
https://reactome.org


Input UniProt Id Input UniProt Id

Tubb6 Q9BUF5 Vim P08670

https://reactome.org Page 44

https://reactome.org


Arachidonic acid metabolism (R-HSA-2142753)19. 

Eicosanoids, oxygenated, 20-carbon fatty acids, are autocrine and paracrine signaling molecules 
that modulate physiological processes including pain, fever, inflammation, blood clot formation, 
smooth muscle contraction and relaxation, and the release of gastric acid. Eicosanoids are  synthes-
ized in humans primarily from arachidonic acid (all-cis 5,8,11,14-eicosatetraenoic acid) that is re-
leased from membrane phospholipids. Once released, arachidonic acid is acted on by prostagland-
in G/H synthases (PTGS, also known as cyclooxygenases (COX)) to form prostaglandins and throm-
boxanes, by arachidonate lipoxygenases (ALOX) to form leukotrienes, epoxygenases (cytochrome 
P450s and epoxide hydrolase) to form epoxides such as 15-eicosatetraenoic acids, and omega-hy-
drolases (cytochrome P450s) to form hydroxyeicosatetraenoic acids (Buczynski et al. 2009, Vance & 
Vance 2008).

Levels of free arachidonic acid in the cell are normally very low so the rate of synthesis of 
eicosanoids is determined primarily by the activity of phospholipase A2, which mediates phosphol-
ipid cleavage to generate free arachidonic acid. The enzymes involved in arachidonic acid metabol-
ism are typically constitutively expressed so the subset of these enzymes expressed by a cell de-
termines the range of eicosanoids it can synthesize.

Eicosanoids are unstable, undergoing conversion to inactive forms with half-times under physiolo-
gical conditions of seconds or minutes. Many of these reactions appear to be spontaneous.
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Interferon gamma signaling (R-HSA-877300)20. 

Interferon-gamma (IFN-gamma) belongs to the type II interferon family and is secreted by activ-
ated immune cells-primarily T and NK cells, but also B-cells and APC. INFG exerts its effect on cells 
by interacting with the specific IFN-gamma receptor (IFNGR). IFNGR consists of two chains, 
namely IFNGR1 (also known as the IFNGR alpha chain) and IFNGR2 (also known as the IFNGR beta 
chain). IFNGR1 is the ligand binding receptor and is required but not sufficient for signal transduc-
tion, whereas IFNGR2 do not bind IFNG independently but mainly plays a role in IFNG signaling 
and is generally the limiting factor in IFNG responsiveness. Both IFNGR chains lack intrinsic 
kinase/phosphatase activity and thus rely on other signaling proteins like Janus-activated kinase 1 
(JAK1), JAK2 and Signal transducer and activator of transcription 1 (STAT-1) for signal transduction. 
IFNGR complex in its resting state is a preformed tetramer and upon IFNG association undergoes a 
conformational change. This conformational change induces the phosphorylation and activation of 
JAK1, JAK2, and STAT1 which in turn induces genes containing the gamma-interferon activation se-
quence (GAS) in the promoter.
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Hydrolysis of LPC (R-HSA-1483115)21. 

Lysophosphatidylcholine (LPC) is hydrolyzed by phospholipases to produce glycerophos-
phocholine (GPCho) which is in turn hydrolyzed by glycerophosphocholine phosphodiesterase to 
produce choline (Cho) and glycerol-3-phosphate (G3P) (Yamashita et al. 2009, Yamashita et al. 2005, 
Ghomashchi et al. 2010).
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Acyl chain remodeling of CL (R-HSA-1482798)22. 

Acyl chain remodeling of cardiolipin (CL) occurs in the inner mitochondria membranes (IM) via 
hydrolysis by phopholipases and subsequent reacylation by acyltransferases.  At the endoplasmic 
reticulum (ER) membrane the situation is more complicated with monolysocardiolipin (MLCL) in-
volved in hydrolysis and subsequent reacylation back to CL (Zachman et al. 2010, Malhotra et al. 
2009, Xu et al. 2003, Taylor & Hatch 2009, Cao et al. 2004, Zhao et al. 2009, Buckland et al. 1998).
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Cell-extracellular matrix interactions (R-HSA-446353)23. 

Cell-extracellular matrix (ECM) interactions play a critical role in regulating a variety of cellular 
processes in multicellular organisms including motility, shape change, survival, proliferation and 
differentiation. Cell-ECM contact is mediated by transmembrane cell adhesion receptors, such as 
integrins, that interact with extracellular matrix proteins as well as a number of cytoplasmic ad-
aptor proteins. Many of  these adaptor proteins physically interact with the actin cytoskeleton or 
function in signal transduction.

Several protein complexes interact with the cytoplasmic tail of integrins and function in transdu-
cing  bi-directional signals between the ECM and intracellular signaling pathways (reviewed in 
Sepulveda et al., 2005).

Early events that are triggered by interactions with ECM, such as formation/turnover of Focal Ad-
hesions, regulation of actin dynamics and protrusion of lamellipodia to promote cellular spreading 
and motility are modulated by PINCH- ILK- parvin complexes (see Sepulveda et al., 2005).  A num-
ber of partners of the PINCH-ILK-parvin complex components have been identified that regulate 
and/or mediate the functions of these complexes (reviewed in Wu,  2004). Interactions with some of 
these partners modulate cytoskeletal remodeling and cell spreading.
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Microtubule-dependent trafficking of connexons from Golgi to the plasma 

membrane (R-HSA-190840)

24. 

Cellular compartments: cytosol.

Through videomicroscopy, a saltatory transport of connexon vesicles along curvilinear microtu-
bules from the Golgi to the plasma membrane has been observed (Lauf et al., 2002). Such a trans-
port system has been described for similar secretory vesicles (Toomre et al., 1999).
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Chaperone Mediated Autophagy (R-HSA-9613829)25. 

Cellular compartments: lysosomal lumen, cytosol, lysosomal membrane.

In contrary to the vesicle-mediated macroautophagy, the chaperone mediated mechanism of auto-
phagy selectively targets individual proteins to the lysosome for degradation. Chaperones bind in-
tracellular proteins based on recognition motifs and transports them from the cytosol to the lyso-
somal membrane. Subsequently, the protein is translocated into the lumen for digestion (Cuervo A 
M et al. 2014, Kaushik S et al. 2018).
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Input UniProt Id

Vim P08670
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6. Identifiers found

Below is a list of the input identifiers that have been found or mapped to an equivalent element in 
Reactome, classified by resource.

11 of the submitted entities were found, mapping to 15 Reactome entities

Input UniProt Id Input UniProt Id Input UniProt Id

Apobec1 P41238 Flnc Q14315 Icam1 P05362

Ifitm3 Q01628 Pla2g4a P47712 Prss23 O95084

Ptgr1 Q14914 Rab32 P57729, Q13637 Slc38a5 Q8WUX1

Tubb6 Q9BUF5 Vim P08670

Input Ensembl Id Input Ensembl Id Input Ensembl Id

Icam1 ENSG00000090339 Ifitm3 ENSG00000142089 Vim ENSG00000026025
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7. Identifiers not found

These 6 identifiers were not found neither mapped to any entity in Reactome.

5830408C22Rik Dclk1 Lsp1 Myo1g Rfx3 Slfn5


