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CDK8 and CDK19 act redundantly to control the CFTR pathway in the intestinal epithelium
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Control plasmids -Identifying the mechanisms by which CDK8 and CDK19 affect expression of genes in the CFTR pathway will be important to better understand the pathophysiology of cystic fibrosis.
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Fig. 2 .

 2 Fig. 2. (A) Immunohistochemical staining of CKD8 in mouse small intestines collected two months after tamoxifen treatment. (B) Analysis of cell differentiation (left) and proliferation (right) in the intestine after CDK8 deletion (as in A). Olfm4, Lysozyme, PAS and Dclk1 staining was used to reveal, respectively, stem, Paneth, goblet and tuft cells. b-Catenin staining allows detection of cancer cells (cytoplasmic vs nuclear localisation). Cell proliferation was assessed by PCNA, Ki-67 and BrdU (after 1h pulse) staining. Scatter plots represent the percentage of the area stained by each antibody (relative to the area occupied by hematoxylin). For Paneth cells, BrdU, PCNA and Ki67, only crypts were analysed. For goblet cells, crypts and villi were analysed. For Tuft cells quantification, Dclk1 positive cells were counted in 50 villi. Colour code depicts small intestine (green), proximal colon (blue), and distant colon (red). Mean ± SEM is shown. P-value of unpaired two-tailed t-test is indicated (ns, not significant; p > 0.05). Scale bars, 25µm (Olfm4, Lysozyme, Dclk1 and b-Catenin) and 50µm (PAS, BrdU, Ki-67 and PCNA).

Fig 1 .

 1 Fig 1. Mouse Cdk8 conditional knockout by Lox/Cre targeting of exon 2. (A) Left, scheme representing the control plasmids (a, b,and c) for WT, floxed and recombined Cdk8 exon 2. Right, genotyping of Cdk8 exon 2 in the mouse intestinal epithelium. All mice were treated with Tamoxifen to induce recombination of the LoxP sites. The recombined fragment appears as a 340 bp band in the Cdk8 -/-and Cdk8 +/-mice (VillinCre ERT2 recombinase-positive), and is absent in the Cdk8 Lox/+ mouse that does not contain the VillinCre ERT2 gene. (B) WB analysis of mouse intestine epithelium showing the absence of CDK8 protein 2 months after Tamoxifen feeding. GAPDH protein was used as loading control.Rev
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 3 Fig 3. Effects of CDK8 and CDK7 knockout on RNA pol II CTD phosphorylation. WB analysis of the indicated proteins in mouse intestinal epithelium (A) or liver (B) samples from WT and Cdk7 lox/lox , Cdk8 lox/lox , Rpb-Cre-Ert2 KI/KI mice after tamoxifen treatment. Amido-black staining was used as loading control.

  Fig 5. (A) Genotyping confirms the loss of Cdk8 exon 2 in intestine epithelium from Apc -/-/Cdk8 -/-mice. Control plasmids (a, b and c) are described in Fig 1A. (B) WB with intestine epithelium samples from mice presented in (A) confirm the absence of CDK8 protein in Cdk8 -/-mice. Amido-black staining was used as loading control. (C) IHC staining of CDK8 and Ki-67 in small intestine and colon samples from Apc -/-/Cdk8 +/+ and Apc -/-/Cdk8 -/-mice. Scale bars, 100µm. (D) Quantification of the Ki-67 positive area (% of the total area of the intestine presenting positive staining, quantified using QuPath and Image J software; mean ± SD) in the Ki-67 IHC shown in (C). Ki-67 (n=16). Two-tailed p-value of unpaired t-test is indicated: ns, not significant (p > 0.05).
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  Fig 6. Amino acid sequence conservation of CDK8 and its paralogue CDK19 between different vertebrates.

  Fig. 7. (A) Genotyping confirms the loss of Cdk8 exon 2 in Cdk8 -/-and Cdk8 -/-/Cdk19 -/- organoids after 7 days of OH-tamoxifen treatment. Control plasmids (a, b and c) are described in Fig 1A. (B) WB of organoid samples after 7 days of OH-tamoxifen treatment; b-actin was used as loading control. (C) CDK8/CDK19 KO organoids are counter-selected. WB indicating the levels of CDK8, CDK19 and phospho-Stat1-S727 in organoids after 14 days of tamoxifen treatment. Two out of the three Cdk8 -/-/Cdk19 -/-clones (clon 10 and clon 12) show a reappearance of the CDK8 protein: compare with Fig. 7B where proteins were extracted from the same samples, but one week earlier. (★) indicates the two clones where CDK8 protein is detected; this was observed only in organoids where double KO had been induced. (D) Phase contrast images of organoids before and after 6 days of OH-tamoxifen treatment. Scale bars, 150µm. (E) Quantification of organoid size at day 0 and 6, shown in D (mean + SD are shown). P-value, ordinary one-way ANOVA: (*) p ≤ 0.05, (***) p ≤ 0.001. (F) IHC staining of organoids (day 7 of OH-tamoxifen treatment) with Ki-67 antibody. Scale bars, 100µm. (G) Quantification of Ki-67 positive area (% of the total area of the organoids; mean + SD) in the four different genotypes presented in (F). Areas with positive Ki-67 signal were detected and quantified using QuPath and ImageJ programs. Adjusted p-values of ordinary one-way ANOVA followed by Tukey's multiple comparison test are indicated: (***) p-value ≤ 0.001; (**) p-values ≤ 0.01; (*) p-values ≤ 0.05; ns, not significant (p > 0.05).
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 8 Fig. 8. (A) Dot plot analysis of differentially expressed genes (DEGs). Red dots: DEGs with p-value ≤ 0.05; purple dots: log2 fold change (LFC) >1 or <-1, p-value ≤ 0.05; grey dots: not significant. Numbers inside plots indicate the number of genes deregulated more than 2-fold. (B) Venn diagrams indicating intersection of genes with altered expression in the indicated genotypes. (C) Gene set enrichment analysis (using Enrichr database) of highly deregulated genes in Cdk8-/-/Cdk19-/organoids. Manually curated signatures extracted from RNA-seq studies in GEO where gene expression was measured before and after drug treatment, gene perturbation or disease. (D) qRT-PCR analysis of indicated mRNA levels in Wt, Cdk8-/-, Cdk19-/and Cdk8-/-/Cdk19 -/-organoids.(E) WB of indicated proteins extracted from Wt, Cdk8 -/-, Cdk19 -/-and Cdk8 -/-/Cdk19 -/- organoids. Amidoblack was used as loading control.
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 9 Fig 9. CDK8 and CDK19 regulate the CFTR pathway in the small intestine.