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Abstract 
Hyperactive interferon (IFN) signaling is a hallmark of Down syndrome (DS), a condition caused by 
trisomy 21 (T21); strategies that normalize IFN signaling could benefit this population.  Mediator-
associated kinases CDK8 and CDK19 drive inflammatory responses through incompletely 
understood mechanisms.  Using sibling-matched cell lines with/without T21, we investigated 
Mediator kinase function in the context of hyperactive IFN in DS.  Using both targeted and 
unbiased, discovery-based approaches, we identified new and diverse mechanisms by which 
Mediator kinases regulate IFN signaling.  Beyond effects on IFN-stimulated transcripts, we 
discovered that CDK8/CDK19 impact splicing, revealing a novel means by which Mediator kinases 
control gene expression.  Kinase inhibition altered splicing in pathway-specific ways and 
selectively disrupted IFN-responsive gene splicing in T21 cells.  Moreover, Mediator kinase 
inhibition blocked cytokine responses to IFNg and severely impacted core metabolic pathways, 
including up-regulation of anti-inflammatory lipid signaling molecules during IFNg-stimulation.  
These lipids included ligands for nuclear receptors and G-protein coupled receptors that can act in 
an autocrine or paracrine manner, suggesting additional kinase-dependent mechanisms to durably 
suppress IFNg responses, beyond initial changes in gene expression.  Collectively, our results 
establish that Mediator kinase inhibition antagonizes IFNg signaling through transcriptional, 
metabolic, and cytokine responses, with implications for DS and other chronic inflammatory 
conditions. 
 
Significance 
As Mediator-associated kinases, CDK8 and CDK19 are established regulators of RNA polymerase 
II transcription; however, the "downstream" biochemical impacts of CDK8/CDK19 inhibition have not 
been thoroughly examined. We previously showed that CDK8 and CDK19 help activate 
transcriptional responses to the universal cytokine IFNg; others have demonstrated that Down 
syndrome (DS) is characterized by hyperactive IFNg signaling, which contributes to DS-associated 
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pathologies. Here, we discovered CDK8/CDK19 inhibition drives "downstream" metabolic changes 
that can reinforce and propagate anti-inflammatory responses independent of transcription.  We also 
identified a new means by which CDK8/CDK19 regulate gene expression, via alternative splicing, 
and inhibition selectively impacted IFNg response genes.  Collectively, our results establish that 
Mediator kinase inhibition antagonizes hyperactive IFN signaling in DS, suggesting novel therapeutic 
strategies.  
 
Introduction 
Down syndrome (DS) is relatively common in the human population (ca. 1 in 700 live births)(1) and 
results from trisomy of chromosome 21 (T21).  T21 manifests in myriad ways, including an 
increased propensity for autoimmune and neurological disorders, as well as elevated incidence of 
leukemia (2-4).  Notably, T21 also results in chronic immune dysregulation associated with 
hyperactivation of interferon (IFN) signaling (5-7). 
 The chronic, hyperactive IFN response in DS can be attributed, at least in part, to the fact 
that four IFN receptors are encoded on chromosome 21: IFNAR1 and IFNAR2 for Type I IFNs 
(e.g., IFNb, IFNg), IFNGR2 for IFNg, and the Type III subunit IL10RB for IFNl, which also serves 
as a subunit of the IL10 receptor. Numerous pathologies associated with DS, including 
autoimmune-related disorders, are considered direct consequences of chronic IFN pathway 
activation (5, 7-10).  For these and other reasons, hyperactive IFN signaling lies at the heart of DS 
pathophysiology (11), and therapeutic strategies to dampen IFN responses are already being 
tested in clinical trials for multiple clinicial endpoints in DS (NCT04246372, NCT05662228). 
 We recently demonstrated that the Mediator kinases (CDK8 and its paralog CDK19) are 
important drivers of inflammatory responses to the universal cytokine IFNg (12).  This discovery 
has implications for DS, not only because of IFN signaling, but also because Mediator kinases 
represent viable targets for molecular therapeutics, in part due to low toxicity of a selective inhibitor 
in mouse models (13).  Many studies have linked Mediator kinase activity to immune system 
function and inflammatory responses (12, 14-20), and CDK8/CDK19 inhibition can suppress 
autoimmune disease in animal models (21). Mediator kinases target the STAT transcription factor 
(TF) family (14, 22) and activation of JAK/STAT pathway TFs (e.g. STAT1, IRF1) is blocked upon 
Mediator kinase inhibition in human and mouse cells (12). Collectively, these results suggest that 
Mediator kinase activity could contribute to IFN signaling in T21 cells, and that Mediator kinase 
inhibition could mitigate chronic, hyperactive IFN signaling in T21. 
 Mediator is a 26-subunit complex that regulates RNA polymerase II (RNAPII) transcription 
genome-wide (23).  Mediator is recruited to specific genomic loci through interactions with 
sequence-specific, DNA-binding TFs, and Mediator also interacts extensively with the RNAPII 
enzyme at transcription start sites.  Through these distinct interactions, Mediator enables TF-
dependent control of RNAPII function.  CDK8 or CDK19 can reversibly associate with Mediator as 
part of a 4-subunit "Mediator kinase module" that contains additional subunits MED12, MED13, 
and CCNC (24). 
 Mediator kinases have not been studied in the context of DS, and a goal of this project was 
to define their roles in the context of IFNg signaling, using donor-derived cell lines.  We also sought 
to address other fundamental questions regarding Mediator kinase function that remained largely 
unexplored.  For instance, it is not known whether Mediator kinases impact pre-mRNA splicing that 
is coupled to RNAPII transcription, despite evidence that CDK8 and/or CDK19 phosphorylate 
splicing regulatory proteins (22).  Furthermore, metabolic changes are at least as important as 
transcriptional changes in driving biological responses (25, 26), but how Mediator kinases impact 
metabolism in human cells remains incompletely understood (27, 28).  Finally, cytokines serve as 
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key drivers of cellular IFNg responses, and despite links between CDK8/CDK19 function and 
inflammation (12, 15, 16), it is largely unknown how Mediator kinases might impact cytokine levels.   
 Using a combination of approaches, we have identified novel and diverse mechanisms by 
which Mediator kinases control IFNg responses under both basal and IFNg-stimulated conditions.  
Beyond anticipated effects on RNAPII transcription, we discovered that Mediator kinases 
selectively control gene expression through pre-mRNA splicing, and that regulation of cytokine and 
metabolite levels contributes to CDK8/CDK19-dependent control of pro-inflammatory IFNg 
signaling.  Taken together, these and other results identify Mediator kinases as therapeutic targets 
that could mitigate immune system dysregulation in individuals with DS. 
 
Results 
Experimental overview: transcriptomics, metabolomics, and cytokine screens 
The basic goals of this project were to compare and contrast transcriptional and metabolic 
changes in the following experimental contexts: i) T21 vs. D21, ii) ±IFNg stimulation, iii) ±Mediator 
kinase inhibition, and iv) IFNg stimulation + Mediator kinase inhibition.  For T21 vs. D21 
comparisons, we selected lymphoblastoid cells from the Nexus Biobank that were derived from 
siblings matched in age (3- or 5-year old) and sex (male).  Unless otherwise noted, these lines 
were used for all analyses described herein.  We used the natural product cortistatin A (CA) to 
inhibit CDK8 and CDK19 (13).  CA is the most potent and selective Mediator kinase inhibitor 
available (29); for example, kinome-wide screens showed no off-target kinase inhibition even at 1 
µM, which is a concentration 5000-times greater than its measured KD of 0.2 nM (13). Throughout 
this project, we used CA at a concentration of 100 nM. 
 Prior to completion of RNA-seq experiments, we probed the timing of the IFNg response at 
IFN target genes GBP1 and IRF1 with RT-qPCR (Fig S1A). Based upon these results, we chose 
the 4-hour time point for RNA-seq (see Methods).  An overview of the RNA-seq experiments is 
shown in Figure 1A, with data for all genes across all conditions in Table S1. 
 Large-scale, untargeted metabolomic analyses were completed 24h post-IFNγ stimulation in 
D21 and T21 cells. This time point was chosen to approximate a "steady state" following IFNg 
treatment and to allow time for metabolic adaptations to occur; this time point was also consistent 
with prior metabolite analyses in IFN-treated cells (30, 31). Moreover, the 24h time point would 
complement the 4h RNA-seq data, in that transcriptional changes identified at 4h might contribute 
to subsequent metabolic changes.  An overview of the metabolomics experiments is shown in 
Figure 1A, with raw data for all identified metabolites across conditions in Table S2. 
 Down syndrome has been described as a "cytokinopathy" based upon evaluation of plasma 
from individuals with or without T21.  Arrays screening 29 different cytokines showed elevated 
levels in Down syndrome individuals (32).  Based upon these and other results, we sought to 
directly measure cytokine levels to assess IFNg and CA-dependent effects.  Therefore, we 
completed a series of cytokine screens (n=105 different cytokines) in T21 and D21 cells, using the 
same experimental design as the metabolomics experiments (basal conditions, +CA, +IFNg, or 
+CA+IFNg). Biological replicate cytokine screens were completed for each condition after 24h 
treatment; measurements for all cytokines in both replicates with ANOVA p-values can be found in 
Table S3.  As expected, not all 105 cytokines were detected at significant levels in D21 and T21 
cells and many cytokines were shared in each cell line (Fig S1B).   
 
The T21 transcriptome, metabolome, and cytokine levels are consistent with hyperactive 
IFN signaling  
For RNA-seq, biological triplicate experiments were completed, and a normalization (33) was 
performed to account for the potential 1.5-fold expression differences from chromosome 21 in T21 
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cells (34). Comparison of gene expression in T21 vs. D21 cells revealed massive differences, as 
expected (Fig S1C, Table S1). Gene set enrichment analysis (GSEA)(35) based upon the T21 vs. 
D21 RNA-seq results revealed enrichment of inflammatory pathways (e.g. IFNg, IFNa, 
Complement, TNFa) in T21 cells (Fig S1D, Table S4), consistent with prior reports (6, 32, 36). 
Furthermore, the "upstream regulators" identified from Ingenuity Pathway Analysis (IPA) (37) 
predicted activation of numerous inflammatory markers in T21 cells (e.g. IFNg, IFNa, TNF, TGFb1, 
NFkB) based upon the RNA-seq results (Fig S1E, Table S5).  Negatively enriched pathways in 
T21 cells (GSEA Hallmarks, Fig S1D, Table S4) reflected proliferative gene expression programs 
(e.g. MYC targets, G2M checkpoint); in agreement, we observed slower growth rates for T21 cells 
compared with their D21 counterparts. We also characterized T21-specific differences in splicing, 
which will be described later.  
 Untargeted metabolomics experiments identified and quantified over 600 biochemicals 
representing every major metabolic pathway (Table S2). We observed widespread differences 
between T21 and D21 cells (Fig S1F, G; Table S2), with evidence that inflammatory pathways 
were basally activated in T21 cells (IPA results, Fig S1H, Table S5), whereas pathways related to 
fatty acid transport, growth, and energy metabolism were reduced (vs. D21; Fig S1H). Supporting 
these general trends, the metabolomics data revealed T21-specific changes in glycolysis, 
nucleotide and lipid biosynthesis, and other fundamental cellular processes (Fig S1G; Table S2).  
Metabolic distinctions between T21 and D21 cells will be described in more detail later, in the 
context of IFNg treatment and/or Mediator kinase inhibition.  An overview of metabolic pathways 
that are relevant for this study is shown in Figure 1B. 
 As with the RNA-seq and metabolomics data, the cytokine screen results implicated chronic 
activation of the IFN response in T21 cells under basal conditions; for example, levels of many 
cytokines were elevated in T21 vs. D21 cells under basal conditions (Fig 1C, left column).  
Furthermore, treatment with IFNg appeared to "normalize" cytokine levels in T21 vs. D21 cells (Fig 
1C, right column), such that many cytokines were detected at roughly equal levels in IFNg-
stimulated T21 and D21 cells.   
 
T21-specific transcriptional, metabolic, and cytokine changes are reflected in population-
level data 
For practical reasons, the in-depth transcriptomics, metabolomics, and cytokine screening 
experiments completed here precluded parallel examination of additional genetically distinct donor-
derived T21 and D21 cell lines.  A basic observation from past studies was that the transcriptomes 
of T21 individuals are not only tissue- and cell type-specific, but also reflect individual-to-individual 
differences within the same cell types (6, 34). However, we hypothesized that the general trends in 
our sibling-matched T21 vs. D21 lines would show some commonality with data from large-scale 
cohort studies.   
 We analyzed RNA-seq data from whole blood samples from individuals with DS (n=304) or 
euploid (i.e. D21; n=96) controls (11), generated by the Human Trisome Project (www.trisome.org, 
NCT02864108). The data revealed upregulation of the IFNg response, Complement, cytokine 
production, and other inflammatory pathways in T21 individuals (vs. D21; Fig. S2A; Table S4). 
Approximately ten percent of differentially expressed genes were shared between the Human 
Trisome Project cohort study (T21 vs. D21; whole blood transcriptomes from individuals varying in 
age and sex) and our RNA-seq results from sibling-matched T21 and D21 lymphoblastoid cell lines 
(Fig S2B), consistent with individual-to-individual variation within the human population (6, 34).  
However, the shared "core sets" of genes reflected prominent trends in our T21/D21 RNA-seq 
comparisons.  For example, up-regulated genes represented cytokine production and other 
inflammatory pathways, whereas down-regulated genes involved nucleotide metabolism, splicing, 
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GPCR signaling, and proliferation. These pathway trends are well-represented in our RNA-seq and 
metabolomics data (e.g. Fig S1D, H; Table S6) and additional data supporting these T21-specific 
alterations will be described in more detail later.   
 A recent analysis of blood plasma cytokine levels, measuring 29 cytokines from DS 
individuals (n=21) or age-matched euploid controls (n=10) identified elevated levels of 
approximately 10 to as many as 22 of these cytokines (32).  In agreement, at least 13 of these 22 
cytokines (59%) were elevated in our T21 vs. D21 comparison (red font in Fig 1C).  Collectively, 
the RNA-seq and cytokine data from cohorts of DS individuals indicate that the two model cell lines 
evaluated here, derived from age- and sibling-matched D21 and T21 individuals, broadly reflect 
population-wide trends.   
 
Mediator kinase inhibition tempers T21 inflammatory pathways under basal conditions 
Collectively, the RNA-seq, metabolomics, and cytokine data from sibling-matched T21 or D21 
individuals showed evidence for chronic inflammatory signaling in T21 cells, consistent with prior 
reports (6, 32, 38-40). Whereas these results provided assurances about our cell line models, we 
were most interested to determine how or whether Mediator kinases influence inflammatory 
signaling and IFNg responses in T21 and D21 cells.  Therefore, we compared the transcriptional, 
metabolic, and cytokine responses to IFNg and/or CA in T21 and D21 cells.  We first describe how 
Mediator kinase inhibition impacted T21 or D21 cells under basal conditions.  
 Transcriptome: As shown in Figure 2A, Figure S3A-D, and Table S4, CA caused similar 
changes to gene expression programs in T21 and D21 cells, although some T21-specific 
differences were evident (Fig S3C, D).  GSEA showed downregulation of MYC targets, consistent 
with prior studies in CDK8-depleted cells (41).  Downregulation of the inflammatory "TNFα 
signaling via NFκB" pathway was also observed in CA-treated D21 and T21 cells (Fig S3C, D); 
decreased expression of the NFKB1 and NFKB2 transcripts themselves likely contributed to this 
effect (Table S1). Regulation of NFkB transcriptional programs has been previously linked to the 
Mediator kinases (15) although direct control of NFkB transcription levels has not been reported. 
Activation of GSEA Hallmarks related to mTOR signaling, cholesterol and fatty acid metabolism 
were common in CA-treated D21 and T21 cells (Fig S3C, D), in agreement with prior studies in 
other cell types (22, 42, 43).  To further characterize the CA-dependent transcriptional changes 
related to cholesterol and fatty acid metabolism, we highlighted the genes significantly up-
regulated in these pathways in Figure S3E; the data indicate that Mediator kinases broadly 
regulate cholesterol and fatty acid biosynthesis, and this is further confirmed by the metabolomics 
data (see below).  

Based upon the RNA-seq data comparing CA-treated T21 or D21 cells vs. untreated 
controls, we completed an "upstream regulators" analysis (IPA; Fig S3F, Table S5).  In agreement 
with the GSEA results, factors regulating cholesterol homeostasis (e.g. SCAP, SREBF1/2, 
INSIG1), fatty acid metabolism (e.g. ACSS2, FASN), and inflammation (e.g. NFKB1, MYD88, 
TLR3) were identified in T21 cells (Fig 2B; Fig S3F), with similar results in D21 (Fig S3F).  The 
IPA results also implicated CA-dependent repression of pro-inflammatory TFs specifically in T21 
cells, including RELA (NFkB complex), FOXO3, and ILF3 (Fig S3F, Table S5), consistent with 
repression of chronic basal IFN signaling upon Mediator kinase inhibition. This CA-dependent 
effect was further supported by the metabolomic and cytokine screen data, described below. 
 Metabolome: CA-dependent changes in the metabolomes of D21 and T21 cells were 
strikingly distinct.  This is likely due to i) the longer time frame used for metabolomics analyses 
(24h vs. 4h for RNA-seq), and ii) the massive "pre-existing" basal metabolome differences in T21 
vs. D21 cells (Table S7).  Direct comparison of T21 vs. D21 metabolomes (basal conditions) 
identified major differences in glycolysis, the pentose phosphate pathway, the citric acid cycle, 
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various categories of lipids, and nucleotide biosynthesis pathways (Fig S1F, G).  Here, we will 
focus on the T21 vs. D21 metabolic differences that relate to pathways that were impacted by 
Mediator kinase inhibition.   
 In Figure 2C, we highlight examples of CA-dependent increases in anti-inflammatory lipid 
metabolites. In T21 cells selectively, CA treatment broadly increased levels of long chain mono- 
and poly-unsaturated FA (PUFA; Fig 2C), including oleic acid, eicosapentaenoate (EPA), 
docosapentaenoate (DPA), docosahexaenoate (DHA), and various other w3 and w6 PUFAs (Table 
S8).  These metabolites act as signaling molecules by binding to extracellular G-protein coupled 
receptors (GPCRs) to trigger anti-inflammatory signaling cascades (44-47), as shown in the 
simplified schematic in Figure 2D.  Similar to LCFAs, endocannabinoids were broadly elevated in 
CA-treated T21 cells (vs D21; Fig 2C). Endocannabinoids mediate anti-inflammatory effects in part 
through PPAR TFs (48); for example, oleoylethanolamide (OEA) is a PPARa ligand (49) that can 
suppress pro-inflammatory NFkB signaling (50).  Collectively, these results reveal new and 
unexpected ways in which Mediator kinase inhibition antagonizes pro-inflammatory IFN signaling 
in T21.   

Cytokine: CA treatment was also shown to be anti-inflammatory based upon the cytokine 
screen results.  Under basal conditions, about two dozen cytokines responded to CA treatment 
(Fig 2E).  In D21 cells, the anti-inflammatory cytokine IL10 increased upon Mediator kinase 
inhibition, in agreement with prior reports in other cell types (19), whereas the pro-inflammatory 
cytokines GMCSF, IL3, and MIP1a/b (a.k.a. CCL3/4) decreased; an exception was TNFa.  Similar 
results were obtained in T21 cells; however, CA treatment reduced the levels of pro-inflammatory 
cytokines in T21 cells that were not reduced in D21 (e.g. IL32, IL33, IL34), although CXCL10 and 
GMCSF were exceptions.  The selective CA-dependent decrease in IFNg in T21 cells under basal 
conditions further supports the chronic high baseline IFN signaling in these cells (6). Note that 
some cytokines have regulatory roles that cannot be clearly defined as either pro- or anti-
inflammatory and their roles may be cell type-specific (51).  
 Because cytokine levels were measured 24h after CA treatment, we hypothesized that their 
altered levels would at least partially correspond to gene expression changes that were measured 
earlier, at 4h post-treatment.  Indeed, this was observed for many cytokines impacted by Mediator 
kinase inhibition, as shown in Figure 2F.  (Note that expression changes for cytokine receptors are 
also shown.)  At basal conditions, several dozen cytokines and cytokine receptors were regulated 
by CA at the transcriptional level (Fig 2F), and most correlated with the cytokine screen data, 
including IL10, which was transcriptionally upregulated in D21 cells, and MIP1α/β (a.k.a. CCL3/4), 
which were transcriptionally downregulated in both D21 and T21 lines. We also observed that CA 
altered the expression of two interferon receptors: IFNGR2 was downregulated and IFNAR2 was 
upregulated in both lines. Each of these IFN receptor genes is on chromosome 21 and associated 
with chronic inflammation in DS individuals (6). 
  
Mediator kinase inhibition antagonizes IFNg-induced transcriptional, metabolic, and 
cytokine responses  
We next evaluated the transcriptomic, metabolomic, and cytokine data from IFNg-treated cells.  As 
shown in Figure S4A, the transcriptional response to IFNg was broadly similar in T21 and D21 
cells; however, T21 cells showed higher basal expression of inflammatory genes.  This can be 
seen upon comparison of gene expression in T21 vs. D21 cells under basal (Fig S4B) or IFNg-
stimulated conditions (Fig S4C; see also Fig S4D, E).  Only 10 genes showed greater expression 
levels in T21 cells in response to IFNg, whereas 68 genes had reduced induction in T21 compared 
with D21 (Fig S4F). Pathway analysis (GO Biological Processes) of these 68 genes showed 
predominant roles in IFN signaling and inflammatory responses (Fig S4G, Table S6). This result is 
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consistent with general hyperactive IFN signaling in T21 cells (6), such that overall transcriptional 
induction upon exogenous IFNg stimulation was reduced compared with D21 cells.  Analogous 
trends were observed in cytokine levels, in which IFNg treatment resulted in similar cytokine levels 
in T21 vs. D21 cells, whereas their levels were greater in unstimulated T21 cells (Fig 1C).  Next, 
we focus on how Mediator kinase inhibition influenced transcriptional, metabolic, and cytokine 
responses in IFNg-treated D21 and T21 cells. 
 Transcription: The regulatory roles of the Mediator kinases CDK8 and CDK19 are context- 
and cell type-specific, and their functions appear to be especially important for initiating changes in 
gene expression programs, such as during an acute stimulus (24). As shown in Figure 3A, many 
of the genes responsive to IFNg (activated or repressed) were impacted in the opposite way in CA 
+ IFNg-treated D21 or T21 cells (see also Fig S5A, B). This CA-dependent antagonism of IFNg-
response genes is best illustrated with difference heatmaps that compared levels of IFN-
dependent transcriptional changes with IFN +CA conditions (i.e. IFN vs. Ctrl – IFN+CA vs. Ctrl; Fig 
S5C, D).  An example at the CXCL9 gene is shown in Figure 3B; CXCL9 is a pro-inflammatory 
cytokine.  GSEA results also reflected CA-dependent suppression of the transcriptional response 
to IFNg.  In both D21 and T21 cell lines, IFNg response and other inflammatory pathways were 
down-regulated with CA treatment compared with IFNg alone (Fig 3C, D; Table S4). Similar results 
were obtained with an assessment of inflammatory pathways using IPA (Fig S5E; Table S5).  For 
example, pro-inflammatory factors were almost uniformly down-regulated in IFNg-stimulated, CA-
treated cells.  Thus, Mediator kinase inhibition blocked normal transcriptional responses to IFNg, 
consistent with prior studies in mouse and human cancer cells (12, 14).  The up-regulated 
Hallmark pathways included cholesterol homeostasis and fatty acid metabolism (Fig 3C, D; Table 
S4). A set of factors from the IPA upstream regulators analysis underscores this result, identifying 
TFs and enzymes involved in cholesterol and lipid metabolism in CA-treated cells T21 cells (Fig 
3E-G), with similar results in D21 (Fig S5F, G; Table S5). These IPA results were consistent with 
CA-treated cells under basal conditions (Fig 2B, Fig S3C-F) and were further supported by 
metabolomics data from IFN-treated cells (see below). 
 To probe further, and to correlate our results with data from large-scale cohort studies, we 
compared the GSEA "leading edge" IFN response gene set from a whole blood transcriptome 
dataset generated by the Human Trisome Project (11) with the CA-responsive genes in our T21 
cell line.  As shown in Figure S5H, 86% of these genes (69 out of 80) overlapped with those 
identified as elevated in the Human Trisome Project dataset, reflecting a common transcriptional 
response to IFNg.  Among these IFN-responsive genes were many whose expression decreased 
upon CA treatment, including STAT1, IRF1, GBP4, MX2, XCL1, and CXCL9.  These results reveal 
that Mediator kinase inhibition suppresses transcriptional responses that are typically 
hyperactivated in DS individuals. 
 DNA-binding TFs are common targets for Mediator kinases (22) and TF phosphorylation 
contributes to CDK8 and/or CDK19-dependent effects on gene expression (12, 14).  To test the 
notion that Mediator kinases suppress transcriptional responses to IFNg through TFs, we 
completed upstream regulators pathway analyses (IPA) based on the RNA-seq data.  As shown in 
Figure 3F, G and Figure S5F, G, an array of pro-inflammatory TFs were induced in IFNg-treated 
T21 and D21 cells, as expected.  Strikingly, however, the IFNg-dependent activation of these same 
TFs was blocked in CA-treated cells (D21 and T21).  These results suggest that inhibition of 
Mediator kinases suppresses IFNg responses, in part, through inhibition of pro-inflammatory TF 
activity, in agreement with prior experiments in CA-treated mouse and human cells (12).  
 Metabolism: Consistent with the RNA-seq results, metabolic changes in D21 and T21 cells 
reflected a CA-dependent suppression of IFNg-induced inflammation.  In short, CA treatment 
reversed metabolic changes induced by IFNg alone.  For example, LCFAs, endocannabinoids, 
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oleamide, desmosterol, and bile acids were reduced in D21 cells under IFNg-stimulation 
conditions, consistent with the anti-inflammatory roles of these metabolites (44-48).  By contrast, 
their levels were elevated in CA-treated D21 cells whereas the effects of Mediator kinase inhibition 
were reduced in scope in IFNg-treated T21 cells, which may reflect the elevated basal IFN 
signaling in T21 cells (Fig 4A–C; Table S9).  As in D21 cells, however, the CA-dependent changes 
in T21 were generally the opposite of those caused by IFNg treatment alone, consistent with an 
anti-inflammatory effect (Fig 4B, C; Table S9).  For instance, quinolinic acid, a tryptophan 
derivative that is elevated in DS (40), was elevated in T21 cells following IFNγ stimulation but this 
was blocked by CA treatment (Fig 4C; Table S9). Collectively, the data summarized in Figure 4A–
C and Table S9 reveal that CA-dependent changes in immunomodulatory lipids were opposite 
those induced by IFNg treatment alone, consistent with CA-dependent anti-inflammatory effects. 

Cytokines: Compared with basal conditions, many more cytokines showed CA-
responsiveness in the context of IFNγ stimulation, and a majority of the changes countered IFNg-
induced inflammatory responses (Fig S6A).  This CA-dependent antagonism of IFNg cytokine 
responses is perhaps best illustrated in the difference heatmaps shown in Figure 4D, E, which 
show the widespread suppressive effect of CA treatment on IFNg-induced cytokine levels.  Levels 
of many pro-inflammatory cytokines were reduced in IFNg + CA-treated D21 and T21 cells, 
including CXCL9, C5, IL33, IL1a, and others (Fig S6A).  

Because cytokine levels were measured 24h after treatment, we hypothesized that their 
altered levels would at least partially correspond to gene expression changes that were measured 
earlier, at 4h post-treatment.  Indeed, this was observed for many IFNg-induced cytokines 
impacted by Mediator kinase inhibition, as shown in Figure S6B.  (Note that expression changes 
for cytokine receptors are also shown.)  For example, gene expression changes for CXCL9, 
CXCL10, MIP1α/β (a.k.a. CCL3/4), FLT3 ligand, GCSF, MCSF, IL10, IL24, and TFR tracked with 
changes in their cytokine levels in CA-treated cells (Fig S6B; compare with Fig 2F).  Collectively, 
the cytokine screen results demonstrated that inhibition of Mediator kinase function generally 
antagonized IFNg signaling by downregulating pro-inflammatory cytokines while upregulating anti-
inflammatory cytokines (e.g IL10, LIF, IL19). In the context of Down syndrome, this could 
potentially mitigate pathological immune system hyperactivation.  
  
Mediator kinases regulate splicing in pathway- and cell type-specific ways 
As Mediator-associated kinases, CDK8 and CDK19 are established regulators of RNAPII 
transcription (24); however, their potential impact on splicing has not been examined.  Over 95% of 
human mRNAs are alternatively spliced and defects in this process are major contributors to errors 
in gene expression in human diseases (52).  Because we sequenced total mRNA at a depth of ≥ 
115 million mapped reads/replicate, we were poised to examine whether Mediator kinase inhibition 
affected RNAPII splicing.   
 We completed analysis of alternative splicing events using rMATS (53), separately 
evaluating all RNA-seq replicates (biological triplicates; Fig 1A).  The data revealed 741 differential 
exon skipping events in T21 cells (vs. D21) under basal conditions (Fig 5A, B; Table S10), with 
approximately equal numbers of alternative exon inclusion events (n=382) compared with 
alternative exon skipping events (n=359).  By contrast, other alternative splicing events (e.g. intron 
retention) were less affected (Fig S7A). We observed similar trends in IFNg-treated T21 and D21 
cells, in which a greater number of exon skipping events (n=418 vs. n=296) occurred in IFNg-
stimulated T21 cells vs. D21 cells, whereas other alternative splicing events were less common 
(Fig S7B, C; Table S10).  
 To determine whether Mediator kinase activity might regulate splicing, we next evaluated 
CA-treated D21 and T21 cells.  We found that CA treatment had a substantial impact on splicing, 
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in both D21 and T21 cells (Fig 5C & Fig S7D). We identified 432 or 444 sites with altered exon 
skipping events (D21 or T21, respectively) in CA-treated cells compared with controls (ΔPSI 
[percent spliced in]≥ 0.2, Padj < 0.05; Fig 5C, Table S10), and CA treatment increased inclusion of 
alternative exons more frequently than it increased their skipping in both lines (n=239 vs. 193 in 
D21; n=256 vs. 188 in T21).  Additional evidence for Mediator kinase-dependent regulation of 
splicing derived from analysis of CA-dependent effects in IFNg-treated D21 and T21 cells (Fig 5D, 
E; Table S10).  Here as well, Mediator kinase inhibition primarily impacted exon skipping events 
(compared with other potential splicing changes; Fig S7E), with hundreds of sites showing 
increased inclusion (n=178 in D21; 213 in T21) or increased skipping (n=130 in D21; 148 in T21) of 
alternative exons.   
 To assess whether the exon skipping events selectively affected specific gene sets, we 
completed pathway analyses (IPA) across all conditions tested (Fig 5F-H; Fig S7F, G; Table S5).  
To increase statistical power, we grouped exon skipping events together (i.e. alternative exon 
inclusion events + alternative exon skipping events).  Thus, the T21 vs. D21 comparison included 
741 events (affecting a maximum of 741 genes), D21 +CA vs. Ctrl included 432 events, and so on.  
The results revealed that splicing changes triggered by Mediator kinase inhibition were cell type 
specific (T21 vs. D21) and selectively impacted inflammatory and metabolic pathway genes. As 
shown in Figure 5F, genes associated with inflammatory signaling (red highlighted pathways) were 
differentially spliced in CA-treated T21 cells (vs. D21) during IFNg stimulation.  In addition, 
pyrimidine salvage and biosynthesis genes were alternatively spliced in CA-treated T21 cells (Fig 
5H). These pathway-specific effects in CA-treated cells were consistent with pathway-specific 
changes in gene expression (e.g. GSEA Hallmark gene sets, Table S4) and with metabolic 
changes observed in CA-treated cells. For instance, the pyrimidine biosynthesis intermediates N-
carbamoylaspartate, dihydroorotate, and orotate were markedly depleted in CA-treated T21 cells 
but not control cells (Table S2).  The data in Figure 5H implicate CA-dependent splicing changes 
as a contributing factor.   
 Collectively, the data summarized in Figure 5 and Figure S7 establish the Mediator kinases 
CDK8 and CDK19 as regulators of splicing, thus identifying a novel means by which these kinases 
govern RNAPII gene expression.  The data also identify kinase-dependent splicing regulation as 
an additional mechanism by which CDK8 and/or CDK19 act in stimulus-specific (i.e. IFNg) and cell 
type-specific ways (i.e. T21 vs. D21).   
 
Discussion 
Previous studies have shown that Mediator kinases regulate transcriptional responses to 
inflammatory stimuli (e.g. IFNg or TNFa) in a variety of model systems (12, 15). Because 
individuals with Down syndrome have chronic, hyperactive IFN signaling (6), we hypothesized that 
Mediator kinase inhibition would antagonize inflammatory signaling cascades in T21 cells.  This 
hypothesis was supported by the experimental results described here, which showed that Mediator 
kinase inhibition antagonizes inflammatory pathways at the transcriptional, metabolic, and cytokine 
protein levels.  Collectively, our results have expanded upon established concepts for CDK8 and 
CDK19 (e.g. regulation of IFNg signaling) by revealing new insights about their impact on metabolic 
and cytokine responses, as well as their function in pre-mRNA splicing; furthermore, our results 
establish Mediator kinases as potential therapeutic targets to antagonize hyperactive IFN signaling 
in DS.  
 We acknowledge that individual-to-individual genetic variation could contribute to the 
differences we observe in our T21 vs. D21 comparisons (6, 34).  We chose cell lines from sibling 
donors (both males of similar age) to minimize this possibility.  Moreover, cross-referencing our 
results with data collected from large cohorts of individuals of varying age and sex (with/without 
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T21) showed broadly similar trends in transcript (11), metabolite (40), and cytokine levels (32) in 
the T21/D21 comparisons.  Although our multi-omics T21/D21 comparisons yielded new insights, 
we emphasize that Mediator kinases were a focus of this study, and the T21/D21 comparisons 
served as benchmarks to assess CDK8/CDK19 function in the physiologically relevant contexts of 
DS and IFNg signaling. A limitation of this study is that additional donor-derived cell lines were not 
evaluated; furthermore, the transcriptomic, metabolomic, and cytokine data were collected at one 
time point, such that temporal trends in IFNg responses can only be inferred (see below).  
 
CDK8 and CDK19 kinase activity impacts core metabolic pathways 
Metabolomics has been described as the most direct readout of cell state, yielding a “front line” 
assessment through quantitation of the biochemicals that drive all cellular processes (25).  The 
role of Mediator kinases in human cell metabolism is poorly understood.  As a whole, our 
metabolomics data revealed the most striking CDK8/CDK19 effects on nucleotide biosynthesis and 
lipid homeostasis. Nucleotide levels (purines and pyrimidines) and their intermediates were broadly 
reduced in CA-treated cells whereas different classes of lipids were generally elevated (Table S8).   
 The gene expression changes (RNA-seq, 4h) triggered by Mediator kinase inhibition tracked 
with these "downstream" metabolic changes (24h), suggesting that Mediator kinases primarily 
affect metabolism indirectly (e.g. Fig 2B, Fig S3E).  For example, nucleotide biosynthesis genes 
were down-regulated whereas lipid metabolism genes were up-regulated in CA-treated cells; this 
was reflected in the GSEA Hallmarks, with positive enrichment for pathways such as cholesterol 
homeostasis, bile acid metabolism, and FA metabolism and negative enrichment for DNA repair 
pathways, which contains many nucleotide biosynthesis genes.  Pyrimidine metabolism genes 
were also alternatively spliced in CA-treated cells (see below).  The differential timing of the 
transcriptomics and metabolomics experiments helps link metabolic changes to gene expression 
changes; however, CA-induced gene expression changes will only partially account for altered 
metabolite levels and we cannot exclude other factors and pathways.  For example, reduced levels 
of nucleotides can trigger cellular compensation through up-regulation of FA levels (54).  
Consequently, elevated levels of FA and other lipids may result, in part, from compensatory 
mechanisms triggered by CA-dependent reductions in nucleotide levels. 
 
Pathway-specific regulation of splicing by Mediator kinases  
Despite widespread study of Mediator kinases as regulators of RNAPII transcription, their potential 
function in splicing has not been addressed.  We hypothesized that CDK8 and/or CDK19 may 
impact splicing based upon prior results that identified NAB2, SRRM2, and KDM3A as high-
confidence CDK8/CDK19 substrates in human cells (22); each of these proteins has been linked to 
regulation of splicing (55-57).  Our analysis revealed that exon skipping was dependent upon the 
kinase function of CDK8 and/or CDK19; increased inclusion of alternative exons was observed at 
hundreds of sites whereas increased skipping occurred at hundreds of additional sites in CA-
treated cells (D21 or T21), and this was observed under both basal and IFNg-stimulated conditions 
(Fig 5C, D).   
 Pathway analysis of the alternatively spliced genes in CA-treated cells identified gene sets 
associated with signaling pathways known to be regulated by Mediator kinases, such as TGFb and 
interferon signaling (Fig 5F).  Interestingly, CA-dependent alternative splicing of these gene sets 
occurred specifically in IFNg-stimulated T21 cells (not D21); moreover, other pathways were 
selectively affected by Mediator kinase inhibition in cell type and context-specific ways.  For 
instance, mTOR pathway genes in CA-treated D21 cells and pyrimidine metabolism genes in T21 
cells (Fig 5G, H).   
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 Taken together, these results establish the Mediator kinases as regulators of RNAPII 
splicing, which adds to the mechanisms by which CDK8 and CDK19 can influence RNAPII 
transcription.  Our data reveal that kinase-dependent splicing regulation occurs in cell type- and 
context-specific ways, similar to other known regulatory functions for CDK8 and CDK19 (24).  We 
have also shown that CDK8/CDK19-dependent splicing regulation contributes to kinase-dependent 
biological outcomes; for example, genes that control pyrimidine biosynthesis and salvage 
pathways were selectively impacted by alternative splicing in CA-treated T21 cells, and these cells 
had markedly reduced levels (1.4 – 3 fold) of pyrimidine intermediates N-carbamoylaspartate, 
dihydro-orotate, and orotate compared with untreated T21 controls (Table S8). The precise 
mechanisms by which CDK8 and/or CDK19 impact these splicing events remain unclear, but are 
likely to involve both direct kinase-dependent regulation of splicing factors (e.g. through 
phosphorylation of NAB2 or SRRM2) and indirect regulation through modification of DNA-binding 
TFs (58), which are common Mediator kinase substrates (22).  Differential expression of splicing 
regulatory proteins in CA-treated cells may also contribute, although the time frames of our 
analyses (RNA-seq at 4h post-treatment) minimize this possibility. 
 
Mediator kinase inhibition broadly antagonizes IFN signaling 
Independently and collectively, our transcriptomics, metabolomics, and cytokine screen data 
revealed that Mediator kinase inhibition suppressed pro-inflammatory signaling.  This was most 
evident during IFNg stimulation but was also apparent under basal conditions, especially in T21 
cells due to their high "baseline" activation of IFN signaling pathways. We acknowledge that 
metabolites and cytokines can have variable, dynamic, and context-specific effects on 
inflammatory signaling.  For example, sphingolipids (59) and bile acids may serve pro- or anti-
inflammatory roles depending upon cell type (60), and cytokine responses are complex, in part 
because cytokines regulate each other (e.g. MIP3a/CCL20 is down-regulated by IL10).  For this 
study, an alternative and more straightforward metric for an anti-inflammatory change is whether 
CA treatment countered the effect of IFNg stimulation alone.  This was observed in an 
overwhelming number of cases across all experiments (RNA-seq, metabolomics, cytokine screen).   
 Among the IFNg-responsive genes (i.e. up- or down-regulated in response to IFNg), the 
expression of many shifted in the opposite direction in IFNg +CA conditions (Fig 3A).  Based upon 
the RNA-seq data, IPA predicted CA-dependent inhibition of IFN-responsive TFs such as IRF1, 
IRF5, IRF7, NFKB1, and STAT1 (Fig 3F, G; Fig S5F, G).  Consistent with these findings, prior 
results from our labs have shown that IFN-responsive TFs fail to activate when CDK8 and CDK19 
are inhibited (12), and DNA-binding TFs, including STAT1 (14), represent high-confidence 
Mediator kinase substrates (22). Comparison of our T21 transcriptomics data with an RNA-seq 
analysis of whole blood from a large cohort of DS individuals (11) identified a similar set of IFNg-
induced genes (Fig S5H), linking our results to the general population.  Importantly, expression of 
most of these so-called IFN "leading edge" genes was reduced upon Mediator kinase inhibition in 
T21 cells, suggesting that Mediator kinases help drive pro-inflammatory signaling in DS individuals. 
 To our knowledge, there has been no large-scale analysis of Mediator kinase-dependent 
effects on cytokine responses, despite much evidence that CDK8 and/or CDK19 help control 
inflammatory responses in a variety of mammalian cell types (12, 15, 16, 19).  Our screen of over 
100 cytokines revealed that Mediator kinases control cytokine signaling under basal and IFNg-
stimulated conditions and generally had a pro-inflammatory effect (i.e. CDK8/CDK19 inhibition was 
anti-inflammatory).  As with the transcriptional and metabolic changes, Mediator kinase inhibition 
reversed many IFNg-induced changes in cytokine levels (Fig 4D, E).  DS was recently 
characterized as a "cytokinopathy" and basal levels of as many as 22 cytokines were identified 
(among a screen of 29 cytokines) as highly elevated in the plasma of DS individuals (32).  At least 
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6 of these 22 cytokines were reduced upon CA treatment in T21 cells (GMCSF, IL1a, IL3, IL13, 
IL15, GCSF), again suggesting that Mediator kinases drive inflammatory signaling in DS.  
 The CA-dependent metabolic changes also consistently reversed IFNg-dependent effects; 
however, IFNg treatment caused metabolic changes that were distinct in D21 vs. T21 cells. 
Interestingly, Mediator kinase inhibition increased levels of anti-inflammatory lipid signaling 
molecules (e.g. endocannabinoids, desmosterol, LCFA) in T21 cells under basal conditions (Fig 
2C), whereas similar changes were observed in IFNg stimulated D21 cells (Fig 4A).  We 
hypothesize that this results from the elevated basal IFN signaling in T21 cells, such that CA 
treatment could measurably suppress chronic, active inflammatory pathways in the absence of 
exogenous IFNg stimulation. The ability of CA to antagonize the "basal" inflammatory signaling in 
T21 cells suggests a potential therapeutic strategy to mitigate the chronic immune system 
dysregulation in individuals with DS (36).   
 The anti-inflammatory lipids that were elevated in CA-treated cells included oleamide, 
desmosterol, endocannabinoids such as oleoylethanolamide, and PUFAs such as EPA, DPA, DHA 
and various other w3 or w6 PUFAs.  These metabolites act as signaling molecules, at least in part, 
through binding nuclear receptors or GPCRs such as FFAR1, FFAR4, and GPR119, to initiate a 
cascade of anti-inflammatory responses (44-47, 49).  The wide-ranging impact of Mediator kinase 
inhibition on these lipid mediators of inflammation reveals new mechanisms by which CDK8 and/or 
CDK19 help control cellular responses to IFNg; these results also raise new questions about how 
Mediator kinases influence basic biological processes (Fig 6).  Future projects could more directly 
probe TF responses in CA-treated cells or track transcriptome and/or metabolome changes at 
greater temporal resolution. 
 
Working model: CDK8/19 inhibition enables persistent suppression of IFN signaling 
Given the well-established roles for CDK8 and CDK19 as regulators of RNAPII transcription (24), 
the majority of direct CA-dependent effects likely result from gene expression changes.  This 
hypothesis is also consistent with phosphoproteomics data that identified TFs and other RNAPII 
regulatory factors as high-confidence targets of CDK8/CDK19 in human cells (22).  The staggered 
timing of our RNA-seq (4 hr), metabolomics (24 hr), and cytokine screen experiments (24 hr) allow 
inference of direct vs. indirect effects of Mediator kinase inhibition.  Taken as a whole, our results 
suggest that CDK8/CDK19 inhibition initiates a cascade of events that reinforce and propagate 
anti-inflammatory responses over time (Fig 6).  Transcriptomics data identified SREBP (IPA 
upstream regulators), cholesterol homeostasis and fatty acid metabolism (GSEA Hallmarks) as 
activated upon Mediator kinase inhibition.  Notably, SREBP TFs activate cholesterol and fatty acid 
biosynthesis pathways.  Metabolomics data revealed elevated levels of an array of anti-
inflammatory lipids in CA-treated cells during IFNg signaling (e.g. D21 cells +IFNg; T21 cells at 
basal conditions).  Among these elevated lipids, oleamide, desmosterol, and PUFAs are nuclear 
receptor agonists that activate PPAR and LXR (61-64); PPAR and LXR, in turn, broadly control 
fatty acid biosynthesis (65), including PUFAs such as DPA, DHA, and EPA, whose levels were 
consistently elevated in CA-treated cells.  These and other PUFAs bind GPCRs such as FFAR1/4 
(45) to drive anti-inflammatory signaling cascades in an autocrine or paracrine manner.  In this 
way, Mediator kinase inhibition may robustly and durably antagonize IFN signaling via metabolites 
that act downstream of initial gene expression changes (Fig 6).   
 
Concluding remarks 
Although the factors that contribute to the DS condition are complex (3), it has been described as 
both an interferonopathy (6) and a cytokinopathy (32).  Accordingly, an emerging theme in DS 
research is that individuals with DS could benefit from therapeutic strategies that diminish chronic, 
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hyperactive IFN signaling (11, 36, 66).  At least one clinical trial with a JAK inhibitor is underway 
(NCT04246372).  A mouse model of DS showed that multiple phenotypes associated with this 
condition were driven by triplication of the INFR gene cluster, including cognitive and 
developmental delays and heart defects (11).  These and other studies implicate hyperactive IFN 
signaling as central to the DS condition (32, 36).  Through multi-omics evaluation of CA-dependent 
effects in T21 cells, we have demonstrated that Mediator kinase inhibition robustly and durably 
antagonizes hyperactive IFN signaling, via diverse mechanisms that extend beyond transcription 
(Fig 6).  Consequently, selective inhibition of Mediator kinase function represents a potential 
therapeutic strategy to address chronic inflammation and its associated co-morbidities in DS. 
 
Materials & Methods 
Cell culture 
Immortalized lymphoblastoid cell lines derived from age- and sex-matched sibling pairs (one D21: 
TIC0002294, one T21: TIC0001678) were obtained from the Nexus Biobank. Cells were cultured in RPMI 
medium (Gibco, 23400062) supplemented with 20% fetal bovine serum (Peak Serum Inc, PS-FB3), 1x 
GlutaminePlus (R&D Systems, R90210), and 1x Penicillin-Streptomycin (Gibco, 15140-163), on low-
attachment flasks at 37C and 5% CO2. Due to the lower proliferation rate of T21 cells compared to D21 
cells, T21 cells were seeded at twice the density of D21 cells for all experiments unless otherwise noted. 
 
RT-qPCR 
Cells were seeded and allowed to recover for 24 hours prior to being treated with 10 ng/mL interferon 
gamma (Gibco PHC4031) or vehicle (40 mM Tris pH 7.4). Total RNA was isolated using TRizol (Invitrogen, 
15596026) according to the manufacturer’s instructions, quantified with a Qubit® 3.0 using the RNA High 
Sensitivity (HS) kit (Invitrogen™, Q32855), and 100 ng of RNA from each sample was converted to cDNA 
using High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems, 4368813) following the 
manufacturer’s instructions. cDNA was diluted to 0.25 ng/μL for all samples, and amplification was 
performed using Sybr Select Master Mix (Thermo Fisher Scientific, 4472908) on a BioRad CFX384 Real 
Time PCR System. ΔΔCT values were calculated using GAPDH as a load control. Treatments, RNA 
isolation, and RT-qPCR were performed in biological duplicate. The primers used for qPCR are as follows - 
GAPDH Forward: ACCACAGTCCATGCCATCAC, GAPDH Reverse: TCCACCACCCTGTTGCTGTA, GBP1 
Forward: GTGCTAGAAGCCAGTGCTCGT, GBP1 Reverse: TGGGCCTGTCATGTGGATCTC, IRF1 
Forward: GAGGAGGTGAAAGACCAGAGC, IRF1 Reverse: TAGCATCTCGGCTGGACTTCGA.  
 To probe the timing of the RNA-seq experiments, we completed RT-qPCR at various time points as 
shown in Figure S1A.  The 4h time point (post-IFNg) was chosen because robust induction of GBP1 and 
IRF1 mRNA was observed.  Whereas mRNA levels remained high at 6h, we selected the 4h time point 
because it would better represent the primary transcriptional response; moreover, the 4h time point was 
consistent with prior transcriptomics studies of IFNg response in mammalian cells (12). 
 
Metabolomics 
For each treatment condition, six flasks of cells were seeded and allowed to recover for 24 hours prior to 
treatment. Cells were pre-treated with 0.1% DMSO or 100 nM cortistatin A for one hour, then treated with 
40 mM Tris, pH 7.4 or 10 ng/mL interferon gamma (Gibco, PHC4031). After 24 hours of interferon gamma 
treatment, cells were harvested and snap-frozen in liquid nitrogen. Sample preparation was carried out by 
Metabolon (Durham, North Carolina, USA) using a previously published workflow (67). Samples were 
prepared using the automated MicroLab STAR® system from Hamilton Company, and several recovery 
standards were added prior to the first step in the extraction process for QC purposes. To remove protein, 
dissociate small molecules bound to protein or trapped in the precipitated protein matrix, and to recover 
chemically diverse metabolites, proteins were precipitated with methanol under vigorous shaking for 2 min 
(Glen Mills GenoGrinder 2000) followed by centrifugation. The resulting extract was divided into five 
fractions: two for analysis by two separate reverse phase (RP)/UPLC-MS/MS methods with positive ion 
mode electrospray ionization (ESI), one for analysis by RP/UPLC-MS/MS with negative ion mode ESI, one 
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for analysis by HILIC/UPLC-MS/MS with negative ion mode ESI, and one sample was reserved for backup. 
Samples were placed briefly on a TurboVap® (Zymark) to remove the organic solvent.   
 All methods utilized a Waters ACQUITY ultra-performance liquid chromatography (UPLC) and a 
Thermo Scientific Q-Exactive high resolution/accurate mass spectrometer interfaced with a heated 
electrospray ionization (HESI-II) source and Orbitrap mass analyzer operated at 35,000 mass resolution.  
The sample extract was dried then reconstituted in solvents compatible to each of the four methods.  Each 
reconstitution solvent contained a series of standards at fixed concentrations to ensure injection and 
chromatographic consistency.  One aliquot was analyzed using acidic positive ion conditions, 
chromatographically optimized for more hydrophilic compounds.  In this method, the extract was gradient 
eluted from a C18 column (Waters UPLC BEH C18-2.1x100 mm, 1.7 µm) using water and methanol, 
containing 0.05% perfluoropentanoic acid (PFPA) and 0.1% formic acid (FA).  Another aliquot was also 
analyzed using acidic positive ion conditions, however it was chromatographically optimized for more 
hydrophobic compounds.  In this method, the extract was gradient eluted from the same afore mentioned 
C18 column using methanol, acetonitrile, water, 0.05% PFPA and 0.01% FA and was operated at an overall 
higher organic content.  Another aliquot was analyzed using basic negative ion optimized conditions using a 
separate dedicated C18 column.   The basic extracts were gradient eluted from the column using methanol 
and water, however with 6.5mM Ammonium Bicarbonate at pH 8.  The fourth aliquot was analyzed via 
negative ionization following elution from a HILIC column (Waters UPLC BEH Amide 2.1x150 mm, 1.7 µm) 
using a gradient consisting of water and acetonitrile with 10mM Ammonium Formate, pH 10.8. The MS 
analysis alternated between MS and data-dependent MSn scans using dynamic exclusion.  The scan range 
varied slighted between methods but covered 70-1000 m/z.   
 Identification of metabolites was performed through automated comparison of the ion features in 
experimental samples to a reference library of chemical standard entries (68), and are based on three 
criteria: retention index within a narrow RI window of the proposed identification, accurate mass match to 
the library +/- 10 ppm, and the MS/MS forward and reverse scores between the experimental data and 
authentic standards. The MS/MS scores are based on a comparison of the ions present in the experimental 
spectrum to the ions present in the library spectrum. While there may be similarities between these 
molecules based on one of these factors, the use of all three data points can be utilized to distinguish and 
differentiate biochemicals.  
 
Statistical and pathway analysis of metabolomics data 
Two types of statistical analyses were performed: (1) significance tests and (2) classification analysis. 
Standard statistical analyses were performed in Array Studio on log-transformed data. For analyses not 
standard in Array Studio, the R program (http://cran.r-project.org/) was used. Following log transformation 
and imputation of missing values, if any, with the minimum observed value for each compound, Welch 2-
sample t test was used as a significance test to identify biochemicals that differed significantly (p < 0.05) 
between experimental groups. An estimate of the false discovery rate (q-value) was calculated to take into 
account the multiple comparisons that normally occur in metabolomic-based studies. Classification analyses 
included principal component analysis (PCA), hierarchical clustering, and random forest.   
 Pathway analysis of metabolomic data was performed using the Ingenuity Pathway Analysis 
software (Qiagen) (37). For metabolomic analysis, a total of 566 out of 675 metabolites could be mapped 
using one of the following identifiers: CAS registry number, Human Metabolome Database (HMDB) 
identification, KEGG, PubChem CID, or RefSeq number; metabolites not used in IPA analysis can be found 
in Table S2. Metabolomic pathway analysis used only mapped metabolites with a p-value of <0.1 when 
making pathway predictions. 
 
RNA-seq 
Cells were pre-treated with 0.1% DMSO or 100 nM cortistatin A for 30 minutes, then treated with 40 mM 
Tris, pH 7.4 or 10 ng/mL interferon gamma (Gibco, PHC4031). After four hours, total RNA was isolated from 
D21 or T21 cells using TRizol (Invitrogen, 15596026) as specified by the manufacturer and quantified with a 
Qubit® 3.0 using the RNA High Sensitivity (HS) kit (Invitrogen™, Q32855). 1 μg of total RNA with a RIN 
number of ≥8 was used for RNA-seq library prep. Libraries were constructed using Universal Plus™ mRNA-
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Seq library preparation kit with NuQuant® (Tecan, 0520). Library construction and sequencing were 
performed at the Genomics Shared Resource (CU Anschutz). Paired-end libraries (151 bp x 151 bp) were 
sequenced on the Illumina NextSeq 6000 platform (Firmware version 1.26.1, RTA version: v3.4.4, 
Instrument ID: A00405).  
 
RNA-seq sequencing and computational analysis 
For differential gene expression analysis, the workflow was as follows: adaptor sequences were trimmed 
from the RNA-seq raw fastq files using BBDuk (https://sourceforge.net/projects/bbmap/) and mapped using 
HISAT2(69). Gene counts were generated using featureCounts(70), and differential expression analysis 
was performed using DESeq2 (71). Duplicate genes were filtered and those with the highest FPKM were 
kept for analysis. For inter-genotype (T21 vs D21) comparisons, expression of genes on chromosome 21 
was normalized to ploidy. While ERCC RNA Spike-In Mix (Invitrogen™, 4456740) was added to isolated 
RNA samples prior to sequencing, ERCC gene counts were variable across vehicle treated samples even 
after accounting for read depth, and when using multiple normalization methods and a linear regression. As 
such, the median of ratios method native to DESeq2 was used to generate size factors and normalize 
samples. Qiagen ingenuity pathway analysis (IPA) version 90348151 (37), GSEA 4.2.3 (35), and Gene 
Ontology analysis (72) were used for identification of activated and inhibited pathways. For IPA analysis, a 
total of 27,647 out of 28,265 genes could be mapped using Entrez Gene Symbols. For cross-genotype (i.e. 
T21 vs D21) pathway analysis, only genes with a fold-change > |1.25| and adjusted p-value <0.1 were used. 
For within-genotype (i.e. treatment effects) pathway analysis, only genes with an adjusted p-value <0.1 
were used. 
 For splicing analysis, the workflow was as follows: duplicates were removed and adaptors trimmed 
using the bbTools function (v39.01), trimmed reads were mapped uniquely against the hg38 genome using 
HISAT2 (v2.1.0) (69), mapped reads were processed with rMATS (v4.0.1) (53), and results were filtered 
based on FDR < 0.05, absolute(IncLevelDifference) < 0.2, and ≥2 reads/replicate. Sashimi plots were 
generated from rMATS results using a modified script based on ggsashimi.py.  
 The data in this publication have been deposited in NCBI’s Gene Expression Omnibus and are 
accessible through GEO Series accession number GSE220652.  The code used to process and visualize 
the data can be found at https://github.com/kira-alia/Cozzolino2023.  
 
Cytokine screen 
Cells were pre-treated with 0.1% DMSO or 100 nM cortistatin A for 30 minutes, then treated with 40 mM 
Tris, pH 7.4 or 10 ng/mL interferon gamma (Gibco, PHC4031). After 24 hours, cells were lysed in RIPA 
buffer (Thermo Scientific, 89900) supplemented with Halt™ Protease and Phosphatase Inhibitor Cocktail, 
EDTA-free (100X) (Thermo Scientific, 78441) and Benzonase® endonuclease (Millipore Sigma, 101697). 
Lysate concentrations were determined using the Pierce™ BCA Protein Assay Kit (Thermo Scientific, 
23225), and 250 μg of protein from each condition was incubated with a membrane array from the 
Proteome Profiler Human XL Cytokine Array Kit (R&D Systems, ARY022B). Membranes were processed 
according to the manufacturer’s instructions and imaged using an ImageQuant LAS 4000 (GE Healthcare). 
Background-subtracted technical replicate values for each cytokine in each condition were quantified using 
ImageJ and averaged giving a normalized intensity value. The relative intensity was compared on a per 
cytokine basis and was statistically assessed using a one-way ANOVA test between the eight total 
conditions across two biological replicates. 
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Fig 1. Experimental overview; elevated cytokines in T21 cells. (A) Schematic of cell treatment 
and data collection workflow for metabolomics, cytokine screen (green shading) and RNA-seq 
(purple shading). Created with Biorender.com. (B) Simplified diagram of human metabolic 
pathways, with an emphasis on those relevant to this study. Figure adapted from (73). (C) 
Heatmap of all cytokines measured (n = 105), comparing relative levels in vehicle-treated T21 cells 
vs. vehicle-treated D21 cells (left column) and relative levels in IFNγ-treated T21 cells vs. IFNγ-
treated D21 cells (right column). Note elevated cytokine levels in T21 cells under basal conditions, 
whereas levels become more equivalent in +IFNg conditions, similar to gene expression results 
(RNA-seq) shown in Figure S4. 
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Figure S1. Comparisons between T21 and D21 cells. (A) Time course of relative gene 
expression levels measured by real-time quantitative PCR (RT-qPCR) of GBP1 and IRF1, two 
interferon stimulated genes, following treatment with 10 ng/mL IFNγ compared to untreated cells. 
Data normalized to expression of GAPDH and represented as mean ± SD from two independent 
experiments. Inset panel represents relative basal expression of each gene in untreated T21 cells 
compared to untreated D21 cells. (B) Representative data from cytokine protein arrays. Arrays 
were incubated with cell lysates (250 µg total protein) treated as shown. Multiple exposures were 
taken to ensure that every spot was measured in the linear range; duplicate spots were averaged. 
Averaged intensity values from two biological replicates/condition were analyzed using ANOVA. 
(C) Volcano plot of differentially expressed genes in T21 cells compared to D21; selected genes 
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are color-coded based on proinflammatory (red), anti-inflammatory (green), or other (black) roles in 
IFN signaling. Genes represented by red dots have an adjusted p-value of <0.01. (D) GSEA 
moustache plot of Hallmark pathways comparing T21 cells with D21. (E) Ingenuity Pathway 
Analysis of upstream regulators predicted to be responsible for differential transcription in T21 cells 
compared to D21 cells. Analysis used genes >1.25x up- or down-regulated, with an adjusted p-
value <0.1. List of regulators was filtered to exclude drugs or other exogenous compounds. (F) 
Differential metabolites summary (ANOVA p-value <0.1) in untreated T21 cells relative to untreated 
D21 cells, broken down by category; excludes unknown and xenobiotic metabolites. (G) Relative 
levels of metabolites from core metabolic pathways in untreated T21 cells compared with untreated 
D21 cells. (H) Selected results of pathway analysis based on metabolite levels in untreated T21 
compared with D21 cells, using the “Diseases & Functions” list from Ingenuity Pathway Analysis. 
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Figure S2. Data comparison with whole blood cohort clinical studies. (A) GSEA moustache 
plot of Hallmark pathway activation in whole blood samples from a cohort study of T21 individuals 
compared to euploid controls (11). (B) Venn diagram of upregulated or downregulated genes 
(adjusted p-value <0.01) in Trisomy 21 from this study and in whole blood samples from the cohort 
study (NCT02864108). Genes either up- or down-regulated in both studies were analyzed using 
Gene Ontology Enrichment Analysis with the GO aspect “Biological Processes.” 
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Fig 2. Mediator kinase inhibition tempers inflammatory pathways under basal conditions, 
T21-specific effects. (A) Heatmap of genes with differential expression in D21 or T21 cells treated 
with CA (100 nM) compared to DMSO control cells. Only genes with adjusted p-value <0.01 in one 
or both cell lines are shown. (B) Table of activation Z-scores for selected upstream regulators 
predicted for gene expression changes in CA-treated T21 cells relative to vehicle controls. This 
curated set emphasizes lipid metabolite changes triggered by Mediator kinase inhibition.  (C) Box 
plots showing relative levels of selected lipid metabolites in CA-treated D21 and T21 cells 
compared to DMSO controls. CA-dependent changes in LCFA and endocannabinoids (arrows) are 
consistent with anti-inflammatory effects (see text). (D) Simplified diagram of pathways through 
which selected lipid metabolites regulate inflammation. (E) Heatmap of average relative cytokine 
levels in CA-treated cells compared to DMSO controls. Only cytokines with relative levels of ≥1.5 
(log2FC; red shading) or ≤0.75 (blue shading) in one or both cell lines are shown; cytokines 
meeting this threshold are outlined in black. Cytokines with an asterisk (*) had an adjusted p-value 
<0.1 using ANOVA. (F) Venn diagrams of cytokines and cytokine receptor genes (in italics) that 
were downregulated (FC <0.8, left diagram) or upregulated (FC >1.2, right diagram) in CA-treated 
D21 and T21 cells, compared to DMSO controls. Cytokines with matching trends from RNA-seq 
(4h) are listed in bold, whereas cytokines with inverse trends in at least one cell type are marked 
with an asterisk. 
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Figure S3. CA suppresses T21 inflammatory pathways under basal conditions. (A, B) 
Volcano plots showing differentially expressed genes following CA treatment in D21 (A) or T21 (B) 
cells, with selected genes color-coded based on pro-inflammatory (red), anti-inflammatory (green) 
roles. Genes represented by red dots have an adjusted p-value of <0.01. (C, D) GSEA moustache 
plots of Hallmark pathway activation in CA-treated D21 (C) and T21 (D) cells compared to DMSO 
controls. (E) Tables of genes involved in fatty acid metabolism (left) or cholesterol metabolism 
(right) that are differentially expressed (adjusted p-value ≤ 0.1) in CA-treated T21 cells relative to 
vehicle controls, showing consistent upregulation in both pathways. (F) Ingenuity Pathway Analysis 
of upstream regulators predicted for differential gene expression (RNA-seq) in CA-treated D21 and 
T21 cells compared to DMSO controls. Predicted regulators specific for T21 cells are labeled in 
orange font. Analysis used genes with an adjusted p-value <0.1. List of regulators was filtered to 
exclude drugs or other exogenous compounds, with the exception of Cortistatin A.  
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Fig 3. Mediator kinase inhibition antagonizes IFNγ transcriptional responses in T21 and 
D21. (A) Heatmap comparing gene expression patterns (RNA-seq) in IFNg-treated D21 or T21 
cells ±CA. This comparison exposes the CA-specific effects during IFNg stimulation, which broadly 
counter changes caused by IFNg alone. Genes with statistically significant (adjusted p-value <0.01) 
levels in one or both cell lines in IFNg vs. control comparisons are shown. (B) Representative 
genome browser tracks for CXCL9 locus in D21 and T21 cells treated with vehicle, IFNγ, or IFNγ 
+CA, showing both IFNg-dependent induction and CA-dependent suppression of transcription. (C, 
D) GSEA moustache plots of Hallmark pathways in D21 (C) and T21 (D) cells treated with IFNγ 
+CA compared to IFNγ alone. This exposes CA-specific effects during IFNg stimulation; note the 
CA-dependent repression of gene sets associated with inflammatory signaling pathways. (E) Table 
of activation Z-scores for selected upstream regulators predicted for gene expression changes in 
CA-treated T21 cells treated with IFNγ +CA relative to IFNγ alone. This curated set emphasizes 
lipid metabolite changes triggered upon Mediator kinase inhibition. (F, G) Ingenuity Pathway 
Analysis upstream regulators results from comparison of differential gene expression (RNA-seq) in 
T21 cells during IFNγ treatment (F) or in cells treated with IFNγ +CA compared to IFNγ alone (G). 
Selected TFs and other factors associated with inflammatory responses are labeled. Note 
prominent activation of pro-inflammatory TFs in +IFNg cells (F), whereas these same TFs are 
predicted to be repressed in CA-treated cells (G). Analysis used only genes with an adjusted p-
value <0.1.  
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Figure S4. The response to exogenous IFNγ is suppressed in T21 vs. D21 cells. (A) Heatmap 
of genes with differential expression in D21 or T21 cells treated with IFNγ compared to controls. 
Genes with adjusted p-value <0.01 in one or both cell lines are shown. (B) Average values across 
biological replicates for reads per kilobase of transcript, per million mapped reads (RPKM) in 
vehicle-treated D21 cells (x-axis) and vehicle-treated T21 cells (y-axis). Gray dots represent all 
genes with an RPKM value >0, and red dots represent genes from the GSEA Hallmarks IFNg and 
IFNa signaling pathways. Linear regression trendlines for each set are depicted as follows; black: 
all genes; red: IFN response genes. The greater slope for IFN-responsive genes indicates higher 
basal expression of these genes in T21 cells. (C) Similar to panel B, except in IFNγ-treated D21 (x-
axis) and IFNγ-treated T21 cells (y-axis). Note the linear regression trendlines are more similar 
under IFNg-stimulation conditions, compared with basal conditions (panel B), which provides 
evidence for dampened IFNg transcriptional response in T21 cells, likely from higher basal level 
expression, such that gene expression ends up being similar in T21 and D21 cells treated with 
exogenous IFNg. (D, E) Representative genome browser tracks (RNA-seq data) for SOCS3 (D) or 
STAT1 (E) in D21 and T21 cells ± IFNγ treatment.  (F) Genes with lower (green) or higher (red) 
relative expression in IFNg-treated T21 cells (vs IFNg-treated D21; adjusted p-value <0.1). Only 
genes with a log2FC ≥ |0.5| are shown. (G) Gene Ontology Enrichment Analysis with the GO 
aspect “Biological Processes” for genes with reduced responsiveness to IFNγ stimulation in T21 
cells. Many genes with reduced expression in T21 cells represent inflammatory pathways, 
consistent with a suppressed response to exogenous IFNg in T21 cells, vs D21. 
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Figure S5. Mediator kinase inhibition antagonizes IFNγ transcriptional responses. (A, B) 
Volcano plots of differentially expressed genes in IFNg-treated cells ±CA in D21 (A) or T21 (B) 
cells.  Names of selected genes are color-coded based on proinflammatory (red) or anti-
inflammatory (green) roles. Genes represented by red dots have an adjusted p-value of <0.01. (C, 
D) Heatmaps and "difference" heatmaps based upon RNA-seq data under various conditions in 
D21 (C) or T21 (D) cells. At left (panel C, D), heatmaps represent all genes with an adjusted p-
value <0.01 in IFNγ vs. Control comparisons for each cell line. Log2FC values were used to sort 
genes by expression trends in D21 and T21 cells.  Data for IFNg +CA vs. Ctrl are shown alongside 
IFNg vs. Ctrl to better visualize CA-dependent effects.  For difference heatmaps (at right in panel 
C, D), Log2FC values for each gene in the IFNγ vs. Control comparison were subtracted from 
Log2FC values for CA+IFNγ vs. Control comparisons to generate “difference” Log2FC values, 
which are shown in the difference heatmap on the right. (E) Heatmaps showing inflammatory 
pathways in the Ingenuity Pathway Analysis “Diseases & Functions” list, generated from RNA-seq 
data. Heatmaps show pathway activation in IFNγ vs. Control compared to IFNγ+CA vs. IFNγ in 
both D21 and T21 cells, to focus on CA-dependent effects during IFNg response. (F, G) Volcano 
plots from IPA upstream regulators results, derived from differential gene expression (RNA-seq) in 
D21 cells during IFNγ treatment (F) or in cells treated with IFNγ +CA compared to IFNγ alone (G).  
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Selected TFs and other factors associated with inflammatory responses are labeled. Note 
prominent activation of pro-inflammatory TFs in +IFNg cells (F), whereas these same TFs are 
predicted to be repressed in CA-treated cells (G).  Analysis used only genes with an adjusted p-
value <0.1. (H) Venn diagram showing overlap of leading edge genes in the GSEA “Interferon 
Gamma Response” pathway based upon RNA-seq data from a T21 vs. D21 whole blood cohort 
study (11) and RNA-seq data from the sibling-matched T21 vs. D21 cells in this study.  A 
substantial number of genes with the IFN “leading edge” designation in this study (i.e. increased 
expression in T21 vs. D21; 69 out of 80) were shared among the whole blood clinical cohort study; 
these 69 genes were down-regulated by CA treatment in T21 cells. A partial list of these genes is 
shown, with Log2FC and adjusted p-values. 
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Fig 4. Mediator kinase inhibition reverses pro-inflammatory metabolic and cytokine changes 
triggered by IFNg. (A, B) Effect of IFNg treatment on select classes of lipid metabolites is shown 
(IFNg vs. Ctrl) alongside the effect of CA treatment in IFNg-treated cells, in D21 (B) and T21 (B) 
cells.  The LCFAs represented here include saturated, mono- and poly-unsaturated FA, shown in 
rows 3-28 in Supplementary Table 9.  Each point represents a different metabolite, with line and 
whiskers representing the mean and SD. Note that CA treatment reverses IFNg effects generally 
across these sets of metabolites (arrows).  (C) Box plots showing levels of anti-inflammatory 
metabolites desmosterol or oleamide, and pro-inflammatory metabolite quinolinate, in D21 or T21 
cells treated with vehicle (Ctrl), IFNγ, or IFNγ +CA. (D, E) Heatmaps showing changes in cytokine 
levels in D21 (D) and T21 (E) cells, after the indicated treatments. Only cytokines with relative 
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levels of ≥2.0 (log2FC; red shading) or ≤0.5 (blue shading) in one or both cell lines are shown; 
cytokines meeting this threshold are outlined in black. Cytokines with an asterisk (*) had an 
adjusted p-value <0.1 using ANOVA. Alongside each heatmap set (D21 or T21) is a "difference" 
heatmap (IFN+CA vs. Ctrl – IFN vs. Ctrl levels) that highlights how Mediator kinase inhibition 
suppresses cytokine responses to IFNg. For example, note how most cytokines whose levels 
increase +IFNg show generally reduced levels in IFN+CA conditions (majority blue in difference 
heatmap). 
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Figure S6. Mediator kinases transcriptionally enable cytokine responses to IFNγ. (A) 
Heatmap of average relative cytokine levels in cells treated with IFNγ +CA compared to IFNγ 
alone. Only cytokines with relative levels of ≥1.5 (log2FC; red shading) or ≤0.75 (blue shading) in 
one or both cell lines are shown; cytokines meeting this threshold are outlined in black. Cytokines 
with an asterisk (*) had an adjusted p-value <0.1 using ANOVA. (B) Venn diagrams (RNA-seq 
data) of cytokines and cytokine receptor genes (in italics) that were downregulated (FC <0.8, left 
diagram) or upregulated (FC >1.2, right diagram) in IFNγ +CA-treated cells compared to IFNγ 
alone (D21 and T21). Cytokines with matching trends from RNA-seq (4h) and cytokine protein 
measurements (24h) are listed in bold, whereas cytokines with inverse trends in at least one cell 
type are marked with an asterisk. 
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Fig 5. Mediator kinases regulate splicing in pathway-specific ways. (A) Table of alternative 
exon usage from untreated T21 cells compared to D21. Inclusion criteria were assessed at FDR 
<0.05, | InclusionLevelDifference | >0.2, and ≥2 reads/replicate. (B) Sashimi plots for the IFI44L 
gene, with normalized read numbers for D21 control (black) and T21 control (red) samples on the 
Y-axis, and splice junction read numbers (representing each of 3 replicate experiments) for sense 
strand transcripts shown in black. (C) Table of alternative exon usage from CA-treated D21 or T21 
cells compared to controls. Inclusion criteria were an FDR <0.05, | InclusionLevelDifference | >0.2, 
and ≥2 reads/replicate. (D) Table of alternative exon usage from D21 or T21 cells treated with IFNγ 
and CA compared to IFNγ alone. Inclusion criteria were an FDR <0.05, | InclusionLevelDifference | 
>0.2, and ≥2 reads/replicate. (E) Sashimi plots for the GPR137 gene, with normalized read 
numbers for D21 IFNγ (black) and IFNγ+CA (red) samples on the Y-axis, and splice junction read 
numbers (representing each of 3 replicate experiments) for sense strand transcripts shown in 
black. Note more skipped alternative exon events in IFNg +CA. (F) Ingenuity Pathway Analysis 
enrichment results of genes with alternative exon skipping events in T21 cells compared to D21 
cells; different treatment conditions indicated at bottom. Some pathways relevant to IFNg signaling 
are highlighted in red. The genes affected by alternative splicing in T21 vs. D21 cells could be 
grouped into several different signaling pathways (e.g. RAC, mTOR, integrin) that are important for 
robust immune responses (74, 75), suggesting how alternative splicing may influence inflammatory 
signaling in T21 cells. (G, H) Ingenuity Pathway Analysis enrichment results of genes with 
alternative exon skipping events in D21 (G) or T21 (H) cells treated with CA (±IFNγ). 
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Figure S7. Additional information about splicing changes. (A) Table of alternative splicing 
events (RNA-seq data) from untreated T21 cells compared to D21. Inclusion criteria were an FDR 
<0.05, | InclusionLevelDifference | >0.2, and ≥2 reads/replicate. (B) Table of alternative splicing 
events from D21 or T21 cells treated with IFNγ compared to control cells. Inclusion criteria were as 
indicated in A. (C) Sashimi plots of the CBWD3 gene, with normalized read numbers for T21 
control (black) and T21 IFNγ (red) samples on the Y-axis and splice junction read numbers 
(representing each of 3 replicate experiments) for sense strand transcripts shown in black. (D) 
Table of alternative splicing events from D21 or T21 cells treated with CA compared to controls. 
Inclusion criteria were as indicated in A. (E) Table of alternative splicing events from D21 or T21 
cells treated with IFNγ and CA compared to IFNγ alone. Inclusion criteria were as indicated in A. 
(F, G) Ingenuity Pathway Analysis enrichment results of genes with alternative exon skipping 
events in D21 (F) or T21 (G) cells treated with IFNγ (±CA). 
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Fig 6. Working model for Mediator kinase-dependent suppression of IFNg signaling.  
Whereas Mediator kinase inhibition initially triggers gene expression changes that antagonize IFNg 
responses, including cytokine responses, this leads to metabolic changes that can act 
independently to propagate anti-inflammatory signaling cascades, either through additional gene 
expression changes (e.g. via NR activation) or GPCR activation. Note these metabolite-driven 
mechanisms may act in cell autonomous or non-autonomous ways.  See text for additional details. 
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