






Ulcerated Melanoma: Systems Biology Evidence of Inflammatory Imbalance Toward Pro-tumorigenicity 

Supplementary Methods
Supplementary Human Data and Samples
The Leeds Melanoma Cohort Research Ethics Committee (REC) reference number 01/3/057. NIHR/CPMS ID – 15064 (Central Portfolio Management System). Recruitment was on average 5 months after diagnosis (Hardie et al., 2019).  Informed consent was obtained from all subjects and the experiments conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human Services Belmont Report. The histological data reported for the whole LMC data set were extracted from clinically generated pathology reports. 676 of the primary melanoma histology slides from the 703 tumors sampled for genomic tests were additionally reviewed according to protocol by a single observer (O'Shea, Sally
Jane (2016)  Histopathological correlates of the biological variation in primary melanomas. PhD thesis, University of Leeds). In 596 of these, the tumor area which was sampled by tissue micro array (TMA) needle for genomic studies, was clearly marked on the tissue slide and a measure of immune cell infiltration was recorded at that site, based upon morphological examination. 

Statistical Methodology
Logistic regression models were fitted to assess the association of variables with ulceration in both the LMC and VDI datasets.  Associations of age, sex, tumor infiltrating lymphocytes (TILs) (Absent, Non-brisk, Brisk) as described by Clark (20), tumor thickness (categorical 0-0.99mm,1-1.99mm,2-3.99mm,>4mm), tumor site: trunk, limbs, head/neck, or other (essentially arising in sun protected sites such as acral and genital tumors)) and mitotic rate (<5mm-2, ≥5 mm-2) were tested individually, adjusting for age and sex.  The log(mutation count) was additionally tested in the LMC data only, as the VDI tumors have not been sequenced. Multivariable models were subsequently fitted including all variables to test for independence of effects.  To assess previously seen associations with ulceration in the LMC (of diabetes, obesity, vitamin D deficiency and smoking) in the VDI data set, we fitted logistic regression models to VDI data as above. Obesity was defined using BMI using commonly used categories for underweight (<18.5), normal (18.5-24.9), overweight (25-29.9 and obese (30+).  Serum vitamin D measures were grouped as deficient (<20 nmol/L) or not deficient (> 20nmol/L).  This measure was chosen as previous work by the group identified deficiency rather than absolute levels as associated with both tumor thickness at diagnosis and melanoma specific survival (MSS) (21, 22). Smoking behaviour was classified as: never; smoker prior to diagnosis; or current smoker at time of diagnosis. We report associations with TILs in ulcerated and non-ulcerated cases adjusted for age, sex, site, thickness and smoking.  Significant differences in age and tumor thickness were tested using Mann-Whitney U tests; differences in the other variables were tested using Chi-squared or Fishers exact test where appropriate. 

To determine the association of the same variables with MSS, logistic regression, Mann-Whitney and Fisher exact tests were used. Cox proportional hazard models were fitted with MSS as the outcome variable using the same approach as above.  Data were adjusted for sex, age at diagnosis and tumor thickness. All analyses were conducted in Stata 14 (Stata Corps). The association of ulceration with death from causes other than melanoma was investigated using Cox proportional hazards models with non-melanoma specific survival as the endpoint (defined as the causes of death being known, with no mention of secondary melanoma in clinical notes or death certification). 
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Supplementary Figure 1: This diagram illustrates the overlap in genomic data generation where DASL refers to transcriptomic data generated using the Illumina WG DASL array, CNV refers to copy number variation data generated using NGS at the University of Leeds, and Targeted Sequencing refers to sequencing carried out at the Wellcome Sanger Institute. The number in each part of the circles indicates the number of tumors processed with the different technologies


Supplementary Materials and Methods
Histopathology review
Data in the single observer review were generated from the whole slides eg Breslow thickness and tumor infiltrating lymphocytes (TILs) as described originally by Clark’s group (Clark et al, 1989). Ulceration was defined as “full thickness epidermal defect, accompanied by reactive changes (including neutrophils and fibrin) and surrounding epidermal thinning or hyperplasia, in the absence of trauma or surgery”.
Generation of Copy Number Data
Whole-genome CNVseq was applied having generated libraries successfully from 93% of blocks sampled, with input DNA quantity being the only predictor of success (success rate dropped to 65% if <20 ng available); 3% of libraries were dropped because of low sequence alignment rates. All next generation sequencing libraries were sequenced on an Illumina GAII (initial 75 samples) or HiSeq sequencer (all subsequent samples) to produce >100bp paired-end reads (either 5 or 1 per sequencing lane) as described previously(Filia et al., 2019).  
Neural Network ANNi methodology
Here, we implemented a machine learning approach based on an artificial neural network combined with a concordance analysis conducted across multiple Monte Carlo data splits (where 4 levels of cross validation are conducted), previously shown to be highly effective at eliminating false discovery and overfitting while maximising generalisation of the biomarkers identified (Abdel-Fatah et al., 2016). Specifically, we used a sparse multilayer perceptron (MLP) architecture comprising a single input connecting to a single hidden layer with two hidden nodes and initial weights, and biases constrained to a standard deviation of 0.1.  In the experience of the Ball lab, more complicated deep architectures result in a much more complicated solution to the classification question comprising hundreds, if not thousands of functions.  This results in increased false discovery because poorly correlated, noisy or even random features can be combined to achieve a good classification performance, especially on smaller data sets of less than 1000 cases.  Furthermore, the increased complexity of the deep architecture results in a excessively long increase in the analysis time.  The utilisation of a sparse network was our first strategy used to prevent overfitting and reduce the risk of false discovery.  The hidden nodes and the output node used a sigmoid activation function.  The output classes (ulceration on non-ulceration) used binary annotation: one hot encoding the positive class (here ulceration) was coded as a one and all other classes were encoded as a zero.  This approach means the analysis can be extended to multiple classes where needed.  The weights of the network were updated with a feed-forward – back propagation algorithm.  We implemented early stopping based on a test data set utilising Monte Carlo cross-validation (60% train: 20% test and 20% validation) as a second strategy to prevent overfitting and reduce false discovery. Using this strategy, each transcript was considered singly in the above process, and a model developed for each one in the data set.  The rank order of these inputs was then determined based on the Root Mean Squared (RMS) error of the predictions for the unseen validation set. The top 500 features were selected to produce an enriched marker list for each data set.  The process was then repeated across 20 Monte Carlo cross-validations. 20 Monte Carlo cross validations were used as it ensures that all the cases are considered as a part of one of three data set splits (Training, Test or Validation). The enriched sets were compared for each data set and concordance set of markers determined.  
The enriched marker list was used in an artificial neural network inference algorithm (ANNi) (Tong et al, 2014). [Dong Ling Tong, David J Boocock, Gopal Krishna R Dhondalay, Christophe Lemetre, Graham R Ball: Artificial Neural Network Inference (ANNI): A Study on Gene-Gene Interaction for Biomarkers in Childhood Sarcomas. PLoS ONE 07/2014; 9(7). DOI:10.1371/journal.pone.0102483].  This algorithm modelled the interactions between these concordant features, producing a matrix of interactions based on the weights of the ANN model.  The top 500 interactions for ulcerated and non-ulcerated tumours are presented in Supplementary Figures 2A and 2B which were derived using Cytoscape [Institute for Systems Biology, 2019. Cytoscape, Available at: https://www.cytoscape.org] to map the  interactions, keeping the same layout between the two states. A custom layout was used to clearly show hubs and dense regions of interaction in the network.
The 



Supplementary Table 1


	LMC study
	Not ulcerated
	Ulcerated

	Vascular invasion
	
	

	No
	1641 
	368 

	Yes
	71 (4%)
	65 (15%)


Chi2 test p < 0.001

	VDI study
	Not ulcerated
	Ulcerated

	Vascular invasion
	 
	 

	No
	214
	134

	Yes
	17 (7%)
	16 (11%)


Chi2 test p =0.3

Supplementary Table 1: the histopathological observation of vascular invasion in ulcerated versus non-ulcerated tumors is illustrated (analysis adjusted for tumor thickness). 


Supplementary Table 2: Association of clinicopathological factors with melanoma specific survival in the Leeds Melanoma Cohort. 
	
	Leeds Melanoma Cohort (LMC)

	
	Adjusted for age, sex
	Multivariable analysis (n=953)

	
	N
	HR (95%CI)
	p
	OR (95%CI)
	P

	Age (pa)
	2043
	1.04(1.03,1.04)
	<0.001
	1.02(1.01,1.04)
	<0.001*

	Sex
	2043
	
	
	
	

	   Female 
	1172
	1
	-
	1
	-

	   Male
	871
	1.48 (1.21, 1.82)
	<0.001
	1.07 (0.79, 1.44)
	0.7

	TILs
	983
	
	
	
	

	   Absent 
	233
	1
	-
	1
	-

	   Non-brisk
	576
	0.69 (0.51, 0.93)
	0.02
	0.68 (0.50, 0.92)
	0.01

	   Brisk
	174
	0.44 (0.28, 0.70)
	<0.001
	0.52 (0.33, 0.84)
	0.007

	Thickness
	2026
	
	
	
	

	   0-1mm
	584
	0.34 (0.23, 0.51)
	<0.001
	0.47 (0.26, 0.87)
	0.02

	   1-2mm 
	774
	1
	-
	1
	-

	   2-4mm
	447
	2.10 (1.62, 2.73)
	<0.001
	1.54 (1.09, 2.19)
	0.02

	   4+mm
	221
	4.24 (3.24, 5.56)
	<0.001
	1.87 (1.23, 2.84)
	0.003

	Site
	2043
	
	
	
	

	   Trunk 
	727
	1
	-
	1
	-

	   Limbs
	917
	0.54 (0.42, 0.71)
	<0.001
	0.53 (0.37, 0.76)
	0.001

	   Head/Neck
	205
	0.81 (0.58, 1.13)
	0.2
	0.61 (0.38, 0.97)
	0.04

	   Other
	194
	1.94 (1.46, 2.58)
	<0.001
	1.28 (0.86, 1.90)
	0.2

	Mitoses
	1753
	
	
	
	

	   < 5mm-2 
	1269
	1
	-
	1
	-

	   >= 5mm
	484
	3.43 (1.06, 1.63)
	0.01
	1.98 (1.45, 2.69)
	<0.001*

	Ulceration
	2041
	3.14 (2.55, 3.86)
	<0.001
	1.31 (0.94, 1.83)
	0.1*

	
	
	
	
	
	

	Log mut count
	473
	0.78 (0.68, 0.90)
	0.001
	-
	-**


*Significant at p<0.05 after adjustment for log(total mutation count), n=265 in a univariable analysis.
**HR 0.74 (0.59,0.93), p=0.01 in multivariable model

Supplementary Table 2: predictors of melanoma specific survival for the LMC (univariable and multivariable). A lower mutation rate in the tumors predicted poorer outcome in the subset for which these data were available. A univariable analysis was carried out for this variable and age, brisk TILs and mitotic rate remained independently associated with outcome when adjusted for tumor mutation count.

Supplementary Table 3 Non melanoma deaths in LMC

	Cause of death
	Frequency

	Cardiovascular disease
	56

	Chronic lung disease
	10

	Cystic fibrosis
	1

	Neurological diseases including Alzhemiers
	12

	Other
	2

	Other cancer
	56

	Pulmonary embolism
	3

	Trauma
	2

	Unknown
	5

	Autoimmune disease
	2

	Epilepsy
	1

	Sub arachnoid hemorrhage
	1



	Non-melanoma death analysis
	Overall 
	Male 
	Female 

	
	HR
	p
	HR
	p
	HR
	p

	Univariable
	
	
	
	
	
	

	Ulceration 
	
	
	
	
	
	

	Not Ulcerated(baseline)
	1
	-
	1
	-
	1
	-

	Ulcerated 
	1.47 
(0.98, 2.21)
	0.06
	2.03 
(1.25, 3.31)
	0.004
	0.68 
(0.29, 1.58)
	0.4

	Adjusted for age
	
	
	
	
	
	

	Not Ulcerated(baseline)
	1
	-
	1
	-
	1
	-

	Ulcerated 
	1.18 
(0.78, 1.77)
	0.4
	1.57 (0.96, 2.57)
	0.07
	0.56 
(0.24, 1.31)
	0.2

	Adjusted age and sex
	
	
	
	
	
	

	Not Ulcerated(baseline)
	1
	-
	-
	-
	-
	-

	Ulcerated 
	1.14 
(0.76, 1.72)
	0.5
	-
	-
	-
	-



Supplementary Table 3 : the cause of deaths other than from melanoma in the LMC was  analysed to test the hypothesis that microscopic ulceration of primary melanoma might predict deaths from causes known to be associated with systemic inflammation eg cardiovascular disease. The causes of death as reported by the Office of National Statistics in the UK is tabulated and the associations tested with ulceration. There was evidence for a borderline significant association for males.

Supplementary Table 4: Top 100 genes identified with copy number changes which are associated with ulceration in 10k windows. 
	
	Gene
	OR
	p-value
	
	Gene
	OR
	p-value
	
	Gene
	OR
	p-value

	
	SCYL2
	0.08
	6.03E-06
	
	NFRKB
	0.17
	0.0003
	
	SYCP1
	5.32
	0.0005

	
	CCDC7
	0.17
	2.18E-05
	
	KDM4C
	0.24
	0.0003
	
	PLPP6
	0.28
	0.0005

	
	CYCSP30
	0.07
	2.34E-05
	
	NEBL
	0.19
	0.0003
	
	SAXO1
	0.25
	0.0005

	
	TMTC2
	0.09
	4.29E-05
	
	PUM3
	0.27
	0.0003
	
	FAM238B
	0.23
	0.0005

	
	MPP7
	0.18
	4.37E-05
	
	NTN4
	0.10
	0.0003
	
	RNU6-1327P
	0.27
	0.0005

	
	SLC22A15
	9.91
	5.25E-05
	
	PGAM1P5
	0.10
	0.0003
	
	RFX3
	0.28
	0.0005

	
	ADAMTSL1
	0.21
	7.90E-05
	
	CARM1P1
	0.28
	0.0003
	
	ADGRB3
	0.30
	0.0005

	
	PPFIA2
	0.07
	8.26E-05
	
	ST8SIA6
	0.21
	0.0003
	
	MIPOL1
	7.14
	0.0005

	
	LINC01235
	0.21
	8.41E-05
	
	HAL
	0.10
	0.0004
	
	VLDLR-AS1
	0.29
	0.0006

	
	ATP6V1G1P4
	0.20
	9.17E-05
	
	SVIL-AS1
	0.20
	0.0004
	
	PLIN2
	0.25
	0.0006

	
	CREM
	0.20
	9.17E-05
	
	VEZT
	0.13
	0.0004
	
	AK3
	0.23
	0.0006

	
	NFIB
	0.19
	9.87E-05
	
	RUNX2
	5.97
	0.0004
	
	ERMP1
	0.24
	0.0006

	
	LINC00709
	0.19
	0.0001
	
	MPDZ
	0.28
	0.0004
	
	RIC1
	0.24
	0.0006

	
	ANKS1B
	0.12
	0.0001
	
	CLCN3P1
	0.25
	0.0004
	
	MKRN9P
	0.15
	0.0006

	
	PCED1B
	0.07
	0.0001
	
	KIAA1217
	0.22
	0.0004
	
	AFDN
	0.28
	0.0006

	
	PARD3
	0.19
	0.0001
	
	PDCD1LG2
	0.25
	0.0004
	
	ITPR3
	5.67
	0.0006

	
	DOCK8
	0.24
	0.0002
	
	SLC1A1
	0.26
	0.0004
	
	DMAC1
	0.28
	0.0006

	
	NRP1
	0.18
	0.0002
	
	SPATA6L
	0.26
	0.0004
	
	SH3GL2
	0.26
	0.0006

	
	GLIS3
	0.26
	0.0002
	
	KANK1
	0.27
	0.0004
	
	SPAG17
	5.67
	0.0006

	
	LINC02258
	0.12
	0.0002
	
	CD58
	6.71
	0.0004
	
	SOAT2
	0.13
	0.0006

	
	TRIAP1P1
	0.18
	0.0002
	
	NAP1L4P1
	6.71
	0.0004
	
	CARMIL1
	5.85
	0.0006

	
	OR8T1P
	0.12
	0.0002
	
	SMARCA2
	0.26
	0.0004
	
	LINC00838
	0.25
	0.0006

	
	ROBO2
	11.97
	0.0002
	
	PDE4B
	7.24
	0.0004
	
	ITGB1-DT
	0.25
	0.0006

	
	CD2
	6.39
	0.0002
	
	NDUFA5P11
	0.14
	0.0004
	
	LINC00710
	0.24
	0.0006

	
	C12orf29
	0.16
	0.0002
	
	PHKB
	0.14
	0.0004
	
	VLDLR
	0.27
	0.0006

	
	C12orf50
	0.16
	0.0002
	
	CELF2
	0.24
	0.0004
	
	FASLG
	5.20
	0.0006

	
	ZBTB16
	0.19
	0.0002
	
	SVIL
	0.24
	0.0005
	
	TMCC3
	0.12
	0.0006

	
	SOCS2-AS1
	0.11
	0.0002
	
	POC1B
	0.11
	0.0005
	
	RGS21
	5.58
	0.0006

	
	MIR8086
	0.21
	0.0003
	
	LINC00583
	0.25
	0.0005
	
	TAF3
	0.22
	0.0006

	
	PRDM10
	0.19
	0.0003
	
	DDX10
	0.19
	0.0005
	
	MSH5
	5.81
	0.0006

	
	TRAV23DV6
	5.86
	0.0003
	
	MIR548A1HG
	4.34
	0.0005
	
	MSH5-SAPCD1
	5.81
	0.0006

	
	CCNY
	0.21
	0.0003
	
	CCDC171
	0.27
	0.0005
	
	RNU6-850P
	5.81
	0.0006

	
	TTC39B
	0.23
	0.0003
	
	CRADD
	0.15
	0.0005
	
	ELK3
	0.11
	0.0006

	
	PTPRD
	0.24
	0.0003
	
	
	
	
	
	
	
	



Supplementary Table 4: The genes at loci most significantly associated with ulceration are shown, (the p-value given for logistic regression) although none survived correction for multiple testing. A continuous measure of copy number (log2 of copy number in ulcerated divided by copy number in non-ulcerated) as analysed. The odds ratio is the exponential of log2 copy number variation. An OR less than 1 implies reduced odds of ulceration per unit of copy number difference. The OR does not indicate whether amplification or deletion has been detected in ulcerated tumors. 



Supplementary Table 5: in silico analysis of the expression of genes coding for cytokines/chemokines and ulceration status 
	Cytokine/Chemokine 
	Direction of association of genes up or down regulated in ulcerated tumors
	Significance of the association (p-value)

	
	
	

	CXCL6
	upregulated
	8.63x10-10

	CXCL1
	upregulated
	2.29x10-8

	IL6
	upregulated
	0.0000133

	IL24
	upregulated
	0.0000379

	CXCL5
	upregulated
	0.0000567

	IL13RA2
	upregulated
	0.000211

	IL17F
	upregulated
	0.00132

	CCL11
	upregulated
	0.00138

	IL1B
	upregulated
	0.00194

	IL10RB
	upregulated
	0.00229

	IL11
	upregulated
	0.0146

	IL17B
	upregulated
	0.0162

	IL1RAP
	upregulated
	0.0175

	CXCL14
	downregulated
	5.71x10-15

	CCL27
	downregulated
	1.86x10-11

	IL20RA
	downregulated
	4.50x10-11

	IL1F10
	downregulated
	5.04x10-11

	IL18
	downregulated
	9.09x10-10

	CCL19
	downregulated
	8.89x10-9

	IL20RB
	downregulated
	3.08x10-8

	IL34
	downregulated
	4.24x10-6

	CXCL16
	downregulated
	0.0000171

	IL27RA
	downregulated
	0.00002

	CCL21
	downregulated
	0.0000295

	IL15
	downregulated
	0.00007

	CXCL9
	downregulated
	0.000178

	IL1RN
	downregulated
	0.000258

	CXCR1
	downregulated
	0.000395

	CX3CR1
	downregulated
	0.000520

	CX3CL1
	downregulated
	0.000716

	CCL13
	downregulated
	0.000803

	CCR7
	downregulated
	0.00112

	IL10RA
	downregulated
	0.00119

	IL1RL2
	downregulated
	0.00144

	CXCL10
	downregulated
	0.00260

	IL2RG
	downregulated
	0.00263

	IL18R1
	downregulated
	0.00315

	IL18RAP
	downregulated
	0.00362

	IL22RA1
	downregulated
	0.00402

	CCL5
	downregulated
	0.00448

	IL17RE
	downregulated
	0.00523

	IL33
	downregulated
	0.00539

	CXCR3
	downregulated
	0.00716

	CXCR1
	downregulated
	0.00768

	IL15RA
	downregulated
	0.00895

	CXCL11
	downregulated
	0.0105

	IL1R2
	downregulated
	0.0126

	CCL22
	downregulated
	0.0141

	CXCL17
	downregulated
	0.0145

	PITPNM3
	downregulated
	0.0202

	CCL23
	downregulated
	0.0210

	CCL14
	downregulated
	0.0376

	CCL17
	downregulated
	0.0437

	IL32
	downregulated
	0.0492

	IL2
	downregulated
	0.0495



Supplementary Table 5: 133 genes coding for cytokines and chemokines were tested as associated with ulceration status. Here the ones significant at p<0.05 are shown.
 



Supplementary Figure 2A:: Derived using Cytoscape from network inference results of the enriched gene and copy number list associated with ulcerated versus non ulcerated tumors.  The same layout is used in both tumor states.  Thickness of lines represent the strength of interaction.  Blue lines represent negative interactions red lines represent positive interactions.  Arrows represent the directionality of influence. Nodes represent the transcript oe copy number variation of the transcript in the enriched list.

Network A Top 500 interactions in ulcerated tumors.   Derived from network inference of the enriched gene and copy number list associated with ulcerated versus non ulcerated
A. 
[image: ]
Supplementary Figure 2 B  Network B Top 500 interactions in non-ulcerated tumors
[image: ]




Supplementary Figure 2A: Derived using Cytoscape from network inference results of the enriched gene and copy number list associated with ulcerated versus non ulcerated tumors.  The same layout is used in both tumor states.  Thickness of lines represent the strength of interaction.  Blue lines represent negative interactions red lines represent positive interactions.  Arrows represent the directionality of influence. Nodes represent the transcript oe copy number variation of the transcript in the enriched list.

[image: /Users/csjmh/Downloads/Slide of the figure_mh_inc_rares.pdf]

Supplementary Figure 2: Copy number changes in the LMC tumors arising in sun exposed skin and ulceration status. A: Copy number a berration (CNA) load was estimated by taking the average of absolute copy number changes (deletions and amplifications) in the 10K windows data. B: The top 5 enrichment pathways for 1787 genes identified by MetaCore™ version 20.1 (Clarivate Analytics, Clarivate™) pathway analysis as having copy number variation associated with risk of ulceration. C: The most significantly enriched pathway map ‘Cytoskeleton remodelling: Keratin filaments’. Genes in which CNV is associated with an increased risk of ulceration are indicated by red thermometers, and those with decreased risk by blue thermometers.




















Supplementary Figure 3
[image: /Users/csjmh/Downloads/TUBB2.pdf]
Supplementary Figure 3: Examples of copy number changes at the TUBB2B gene in ulcerated tumours. Blue shaded area denotes limits of TUBB2B gene. A: Tumor with large region of copy number gain across TUBB2B. B: Tumor is copy number neutral at the TUBB2B locus. C: Tumor with large region of copy number loss across TUBB2B. 

Supplementary Figure 4: MetaCore analysis of neural network analysis of genes differentially expressed or with copy number changes in ulcerated compared with non-ulcerated tumors
[image: Graphical user interface, application, map

Description automatically generated]
Supplementary Figure 4: MetaCore™ version 20.1 (Clarivate Analytics, Clarivate™) pathway analysis of the 1000 genes identified using a neural network analysis of differentially expressed genes and copy number changes in tumor samples, as influencers or as influenced in ulcerated tumors compared with non-ulcerated tumors.  A, The top 5 significantly associated pathways identified by enrichment analysis as associated with ulceration. B, The top identified pathway ‘Cytoskeleton remodelling: Keratin filaments’ visualised using MetaCore. Positive differences between ulcerated and non-ulcerated are shown as red thermometers, negative differences as blue. Influenced genes are shown in the “thermometer” labelled (1) and influencer genes in that labelled (2) indicating that the majority of identified genes were “influenced” rather than “influencers”.
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Maps Total p-value FDR In	Data Network	Objects	from
Active	Data



1 Cytoskeleton remodelling: Keratin filaments 36 2.208E-05 1.466E-02 9 Keratin 1, JNK(MAPK8-10), Tubulin alpha, Tubulin (in microtubules), Desmoplakin, Trichoplein, Tubulin 
beta, Plakophilin 1, Keratin 4



2 Neurophysiological process: Regulation of intrinsic membrane 
properties and excitability of cortical pyramidal neurons 74 2.210E-05 1.466E-02 13 Alpha-2A adrenergic receptor, cPKC (conventional), PKC, Calcineurin A (catalytic), MaxiK alpha subunit, 



TrkB, Kv1.2, Adenylate cyclase, Nav1.6, Adenosine A1 receptor, mGluR1, IP3 receptor, PLC-beta1



3 Cell adhesion: Tight junctions 44 1.207E-04 5.337E-02 9 PDZ-RhoGEF, PARD3, Tubulin alpha, Tubulin (in microtubules), INADL, AF-6, MUPP1, DNMBP(TUBA), 
JAM3



4 Neurophysiological process: Receptor-mediated axon growth 
repulsion 46 1.731E-04 5.344E-02 9 PDZ-RhoGEF, Neuropilin-1, Tubulin (in microtubules), Ephrin-A receptors, Semaphorin 4D, LARG, RHO6, 



Fyn, RAP-1A



5 Inhibition of remyelination in multiple sclerosis: role of cell-cell 
and ECM-cell interactions 47 2.057E-04 5.344E-02 9 Neurofascin, ITGB1, PKC, TrkA, NGF, NCAM1, Tenascin-R, Fyn, Tetraspanin-2
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Maps Total p-value FDR In	Data

Network	Objects	from

Active	Data

1

Cytoskeleton remodelling: Keratin filaments 36 2.208E-051.466E-02 9

Keratin 1, JNK(MAPK8-10), Tubulin alpha, Tubulin (in microtubules), Desmoplakin, Trichoplein, Tubulin 

beta, Plakophilin 1, Keratin 4

2

Neurophysiological process: Regulation of intrinsic membrane 

properties and excitability of cortical pyramidal neurons

74 2.210E-051.466E-02 13

Alpha-2A adrenergic receptor, cPKC (conventional), PKC, Calcineurin A (catalytic), MaxiK alpha subunit, 

TrkB, Kv1.2, Adenylate cyclase, Nav1.6, Adenosine A1 receptor, mGluR1, IP3 receptor, PLC-beta1

3

Cell adhesion: Tight junctions 44 1.207E-045.337E-02 9

PDZ-RhoGEF, PARD3, Tubulin alpha, Tubulin (in microtubules), INADL, AF-6, MUPP1, DNMBP(TUBA), 

JAM3

4

Neurophysiological process: Receptor-mediated axon growth 

repulsion

46 1.731E-045.344E-02 9

PDZ-RhoGEF, Neuropilin-1, Tubulin (in microtubules), Ephrin-A receptors, Semaphorin 4D, LARG, RHO6, 

Fyn, RAP-1A

5

Inhibition of remyelination in multiple sclerosis: role of cell-cell 

and ECM-cell interactions

47 2.057E-045.344E-02 9 Neurofascin, ITGB1, PKC, TrkA, NGF, NCAM1, Tenascin-R, Fyn, Tetraspanin-2
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