Identification of the transcriptional gene network in 2D and
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Introduction Results
Microarray based genome-wide gene expression technology has become standard practice in systems The gene sub-networks derived from the top scored edges are highly connected. The application of
biology to analyze transcriptomic changes at the cell, tissue, and organism level. Currently, the the clustering algorithm allowed identification of groups of highly connected genes (communities),
availability of a high number of condition-specific (e.g., disease state, tissue, perturbation) gene as shown in Figure 3.
expression profiles enable reverse-engineering of transcriptional gene networks associated with a single The community finding algorithm 5 grouped genes in communities based on the number of
specific condition such as a given cell type. neighbors they share. 2D and 3D-culture gene networks account 262 and 249 communities,
It is still not known how, and to what extent, transcriptional gene networks of cell types that are respectively.
biologically close differ, and how they react when exposed to the same stimulus. A s B
To investigate these aspects further, two cell-type-specific gene networks were reverse-engineered from 4 ) el J:‘f,f oS & KT ¥
2D and 3D human normal bronchial epithelial cell cultures. ‘5“’;/. :;\:;',. v " *"f:;; TN ks
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Figure 3. Overview of the communities and rich-clubs (cluster of communities) for 2D- (A) and 3D-culture (B). Intra-community and intra-ich-
club significant correlations were retained. Negative correlations are reported in green, positive correlations in red. Distances between genes
and between communities reflect the absolute values of the correlations ©.

Methods

In total 48% (2D-culture) and 52% (3D-culture) of the communities were observed to be associated
with known functions based on gene ontological enrichments (FDR<0.05). Among the most
significantly enriched communities ribosomal genes (Figure 4A, 2D-culture) and genes involved in
Data collection and analysis cell cycle (Figure 4B, 3D-culture) were found.

Genome-wide gene expression samples (from cells grown under normal culture conditions) were A
collected from public repositories and internal studies. All the samples were obtained on Affymetrix
HG-U133plus2 Microarray chips.

7;Translational elongation
(FDR<6.6E-17).

Raw data (CEL files)

Culture # of samples Type Ref )
2D (12+16)+(24+36) | Time course | !, PMI(*)
3D 58+36 Time course | PMI(*) Normalization: gcrma, bi

Table 1. Overview of the experiments used to infer the gene networks.
(*) In-house samples (not public yet).

The 2D-culture samples were collected from 2 studies, each including 2 sub-studies (see Table 1
above), and were normalized separately. Principal component analysis (PCA) showed significant
variability across studies and across sub-studies within the same study. The sub-study effect was
corrected for samples described in Table 1 (see Figure 1). The same approach was applied to

remove study effect when samples the two studies were merged. J
R al subunit Ribonucleoprotein complex
(FDR<2.3E-14) (FDR<8.4E-06)
Figure 4. Example of rich-clubs, and communities of genes part of a rich-club, that were identified to be significantly associated to
biological functions for the 2D- (A) and 3D-culture (B).
Once the sub-study effects were removed, . . . . - -
normalized samples were merged (Figure 2) Conservation enrichment analysis allowed identification of those communities that were conserved
: between 2D and 3D-culture-derived networks. The analysis showed that 111 communities found in
A - — [ the 2D-culture, and 115 communities found in the 3D-culture were conserved across the gene
¢ networks (FDR<0.01). Among the top conserved community pairs, those significantly (FDR<6E-10)
associated with the cadmium ion binding (yellow nodes in Figure 5) were found.
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Figure 2. Samples are colored according to the study where (Xt A A
they were generated (blue gradations for ' and red gradations for MTIX "&'2*‘
PMI). The study effect observed in A was considered a batch g - i
effect and removed (B) using ComBat R package. L AMTIE
METTLS v
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Figure 1. Principal component analysis (PCA) to highlight witnin  Variability across the 2 sub-studies generated at P
study effect. Samples are colored according to the studies (Ain ', PMI. Thus, a similar procedure was applied to RNF115
and C in PMI). The sub-study effect (blue and cyan for '; dark-red

and red for PMI), which is clearly observable both in A and in ¢, 'SMOVe the sub-study effect. Figure 5. Example of community conservation across 2D- and 3D-culture gene networks. The 2 communities from 2D- (A)
was considered a batch effect and removed (B and D) using and 3D-culture (B) are enriched for cadmium ion binding (FDR<8.3E-13 and 1.8E-08, respectively). Nodes that are present
ComBat R package 2 in both the communities are shown in yellow.

Gene expressions data was filtered to remove probe sets with very low signals across samples. Out g

of 54,675 probe sets, 14,531 passed the filtering (12,855 for the 3D-culture). Probe sets were then COI1CILISIOHS

mapped on gene symbols by selecting the most expressed probe set in the case of multiple Transcriptional gene networks were reverse-engineered from gene expression profiles of 2D and

associations (8,692 genes for 2D-culture and 9,846 genes for 3D-culture). 3D human bronchial epithelial cells grown under normal (non-stimulated) culture conditions. The

gene community analysis revealed that 50% of the gene communities were conserved across the
Gene network inference transcriptional gene networks of NHBE (2D) and AIR100 (3D) cellular models when applying a

Transcriptional gene networks from 2D- and 3D-culture !:DR<0.01: Trle' 16% of the genes”that are only in the A'«IR1 00 gene network were enrict_\ed for genes

samples were inferred by correlating gene expression p— ol genes H ol cdges :l_wolvelflkln Ilmmu:;ﬁ responslf (FDR<8.7E-04),fwh|ch c.oulf;_ be dude Ito th_e mat_unty of tg_e_ 3D

profiles separately for each cell culture. Pairs of genes B ) T e-like cu tur_e. e networks may serve as re erence in silico models tcf investigate con ition-

(edges), that had a correlation value with an associated - 2117 specific interactions and to evaluate the response of differential perturbations collected in these

- e 3D 9,846 2,423,273 in vi i i i

FDR below 5E-06 (t-statistic ® followed by the Benjamini- > two in vitro lung assays, which are essential for respiratory research.
: ) - Table 2. Results of the inference process

Hochberg correction) were retained for further analysis. (correlation FDR<5.0E-05).

These selected pairs of genes were then used to build the
2D and 3D-culture transcriptional gene networks (Table 2). References
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