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Abstract 
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Department of Laboratory Medicine and Pathology

Somatic SF3B1 mutations are believed to arise early in the pathogenesis of clonal myeloid 

disorders such as myelodysplastic syndromes (MDS). Studies show that SF3B1 mutations bias 

hematopoietic stem and progenitor cells (HSPCs) toward the myeloid and erythroid lineages and 

impair terminal erythroid maturation. However, a direct mechanistic link between mutant SF3B1 

and cell fate choice in primitive HSPCs has yet to be established. Recent studies suggest that 

mutant SF3B1 alters transcription via impaired transcriptional elongation and lead to altered 

transcriptional cell states of primitive progenitors. Given the central role of transcriptional 

regulators in modulating lineage-specific gene expression programs and cell fate determination 

in HSPCs, we hypothesize that mutant SF3B1 promotes aberrant splicing of core transcriptional 

cofactors, which, in turn, disrupt gene regulatory networks and drive biased hematopoietic 

differentiation. To investigate this, we analyzed SF3B1-mutant MDS patient data and identified 

CDK8 as a candidate driver. Using primary CD34+ HSPCS and preclinical modeling our study 

identifies CDK8 as an important regulator of HSPC homeostasis and cell fate determination in 



SF3B1-mutant MDS. CDK8 depletion not only biases HSPCs towards myelomonocytic and 

erythroid lineages but also mirrors phenotypes observed in SF3B1-mutant MDS. This finding 

directly connects an SF3B1-mutant splicing event to skewed hematopoietic differentiation, 

shedding new light on MDS etiology. 
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Chapter 1. Introduction 

1.1 Myelodysplastic syndromes 

Healthy hematopoiesis is a tightly regulated process, in which polyclonal hematopoietic 

stem cells (HSCs) must carefully coordinate self-renewal and balanced lineage differentiation to 

sustain stem cell pools and ensure continuous blood cell production. However, throughout the 

course of aging, cell intrinsic and extrinsic factors can shift this balance, resulting in clonal 

expansion, a state known as clonal hematopoiesis of indeterminate potential (CHIP). CHIP is 

characterized as the clonal expansion of HSPCs, bearing somatic mutations in genes associated 

with but lacking hematologic malignancy or cytopenia.1 Approximately 10% of individuals over 

the age of 65 harbor CHIP-related mutations. Analysis of The Cancer Genome Atlas (TCGA) and 

the Swedish patient cohort identified mutations in genes associated with MDS, predominantly 

TET2, DNMT3A, and ASXL1 (80%), as well as lower frequencies of JAK2, TP53, PPM1D, SRSF2 

and SF3B1.2-4 While most individuals will never progress to overt disease, certain CHIP mutations 

are associated with increased risks of coronary artery disease, ischemic stroke, and all-cause 

mortality, likely reflecting broader systemic consequences of clonal expansion.3,5-7 CHIP is widely 

regarded as both a sequela of and driven by inflammation.3,5 Research has shown that, individuals 

with CHIP have higher concentrations of proinflammatory cytokines, such as IL-6, MCP-1, and 

TNFα,8,9 and individual mutations are associated with unique cytokine profiles. As an example, 

TET2 mutations are associated with increased IL-1β, whereas SF3B1 mutations are associated with 

increased IL-1810.  Given the shared mutational spectrum and inflammatory milieu, CHIP is 

increasingly recognized as a precursor state to clonal myeloid neoplasms such as myelodysplastic 

syndromes (MDS). 
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MDS is distinguished from indolent hematopoietic proliferation by the presence of 

morphologic dysplasia of ~10% of any lineage and characterized by cytopenia profile and burden, 

cytogenetic abnormalities and more recently somatic mutations.11-15 It is estimated that 10,000 new 

cases of MDS are diagnosed annually in the United States, with ~86% occurring in patients 60 

years or older, with the highest incidence in white males. The median 5 year survival time post 

diagnosis is 29%, and can vary widely depending on external factors such as transfusion 

dependance, comorbidities and socioeconomic status, and internal factors such as blast percentage, 

cytopenia number and cytogenetics.16 Clinically, MDS is characterized from very low to high risk, 

based on the extent of blast accumulation and cytopenia burden, with an increasing likelihood of 

transformation to acute myeloid leukemia (AML) along the spectrum. Traditionally classification 

relied on morphological and cytogenetic criteria, with karyotypic abnormalities in up to 70% of 

individuals. However, with the advent of next generation sequencing a more in-depth array of loss-

of-function, gain-of-function and neomorphic mutations have been incorporated to better reflect 

clinical presentation.13,17-20  

1.2 Genomics of MDS 

Somatic mutations associated with MDS may arise individually or as multiple lesions, 

occurring either within the same clonal population or across distinct subclones. Variant allele 

frequency (VAF) serves as a proxy for clonal architecture, distinguishing dominant from subclonal 

events.19,20 The co-occurrence of mutations within individual cells appears to follow a non-random 

pattern and significantly influences clinical outcomes and disease risk.19,21-27  In terms of genetic 

pathways frequently disrupted in MDS, approximately 30-50% of individuals present with lesions 

disrupting factors involved in epigenetic regulation (chromatin modification and DNA 

methylation), 30% in genes involved in transcriptional regulation and over 60% in genes encoding 
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splicing factors.19 Surprisingly, while many mutations are associated with MDS development, only 

a small subset of driver mutations (SF3B1, SRSF2, TET2, DNMT3A, ASXL1, and RUNX1) are 

mutated in >10% of patients, likely indicating their importance in pathologic advancement.20 

While no one pathway indicates clinical course, individual and combinatorial lesions have 

prognostic and predictive value. As an example, mutations in genes encoding members of the 

spliceosome are the most frequent occurrence in MDS, however not all present with the same 

outcome. Mutations in SRSF2 and U2AF1 are associate with lower overall survival and higher 

incidence of transformation to AML, while SF3B1 mutations, the most frequently mutated gene in 

MDS, are generally associated with favorable overall survival, and low incidence of 

transformation.23,25,28-32  

1.3 Current treatment and management of MDS  

Therapeutic intervention for MDS is based on risk classification and focuses on 

maintenance therapy to assuage symptoms from cytopenia, prolonging overall survival and 

reducing transformation risk. To date, the only potentially curative therapy is allogenic bone 

marrow transplantation, not available to most patients due to donor availability and age associated 

comorbidities. For high risk individuals, hypomethylating agents (HMAs) have been the standard 

of care since the early 2000s.33 However, despite wide-spread application, clinical response to 

HMAs such as azacitidine and decitabine remains low with a maximum response rate of ~50%. 

Recent clinical trials pairing HMAs with a host of other therapeutics such as HDAC inhibitors, 

immunomodulatory drugs, TIM-3 monoclonal antibodies and BCL-2 inhibitors have yielded little 

respite.34-47  
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For low-risk disease, maintenance therapy usually consists of blood transfusions and 

erythroid stimulating agents to reduce cytopenia burden. However repeated blood  transfusions 

leads to iron overload, forcing the need for chelation therapy and erythropoiesis stimulating agents 

only present a clinical response rate of ~40%.48-51 To overcome transfusion-dependance, recent 

clinical trials using Luspatercept, a TGF-β ligand trap, which reduces SMAD2/3 signaling, has 

shown some promise. In a phase III clinical trial, 68% of treated patients saw an erythroid response 

and 38% of treated patients with low risk MDS achieved transfusion independence.52 Additionally, 

a retrospective analysis of  low-risk MDS patients treated with Luspatercept showed that 84% of 

SF3B1-mutant patients achieved transfusion independence.53 

Given the high frequency of splicing mutations across risk stratification, numerous 

spliceosome-targeting drugs have been explored. Preclinical studies in hematologic malignancy 

with and without splicing mutations showed promising results.54-57 In a Phase 1 dose-escalation 

study, splicing-factor mutant MDS patients received the SF3B1 inhibitor H3B-8800 with mild 

results; while no clinical response was achieved 14% of patients had reduced transfusion 

requirements.55,56 Efforts have also been made in targeting splicing effector kinases. Currently, 

clinical trials are underway for the treatment of high-risk MDS and AML using the CLK inhibitor 

CTX-712. CLK proteins collaborate with SRPKs to phosphorylate SR proteins to modulate 

alternative splicing.58 These trials were initiated based on data showing that SRSF2 mutant 

MDS/AML patient-derived xenograft (PDX) models had significant treatment response, with 

many mice achieving complete remission.59 

Given the frequent occurrence of SF3B1 mutations across the spectrum from CHIP to 

MDS, and their distinct clinical implications, a deeper mechanistic understanding of SF3B1-driven 

disease is needed. SF3B1 is the most frequently mutated splicing factor in MDS, highlighting its 
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central role in disease pathogenesis. Although SF3B1 mutations are often associated with a 

favorable prognosis compared to other splicing factor mutations, their widespread occurrence 

suggests a fundamental role in the initiation and progression of dysplastic hematopoiesis. Current 

therapeutic strategies may relieve symptoms arising from dysplastic hematopoiesis, but do not 

address the fundamental changes occurring in the early stem cell populations. Therefore, 

elucidating how SF3B1 mutations alter RNA splicing, disrupt hematopoietic homeostasis, and 

contribute to disease evolution is essential. Such insight will be critical not only for understanding 

MDS biology but also for guiding the development of more effective, mutation-specific 

therapeutic interventions. 

1.4 Molecular Characteristics of SF3B1 mutations  

SF3B1 is a member of the U2 small nuclear ribonucleoprotein (snRNP) complex, a core 

member of the spliceosome. In splicing, SF3B1 facilitates U2 snRNP binding at the second step 

of spliceosome formation, where sequence features in the pre-mRNA, such as the branch point, 

polypyrimidine track and a highly conserved intronic adenosine facilitate duplex formation in an 

ATP-dependent manner. This binding causes the adenosine to bulge, exposing its 2ʹ OH group and 

positioning it for nucleophilic attack by the 5ʹ splice site.60 Structurally, SF3B1 consists of a N-

terminal U2AF binding motif, which helps facilitate spliceosome assembly, and a C-terminal 

region consisting of 22 non-identical HEAT domains responsible for interaction with the branch 

point.61 

Cancer-associated mutations in SF3B1 are heterozygous and occur in hot spot regions 

within the C-terminal HEAT domains, with MDS-associated mutations largely accumulating in 

domains 4-7.62-66 Structural analysis of SF3B1 indicates that the location of these mutations fall 
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on the edge of the HEAT repeat helices at a periodicity of ~40 nucleotides.66 These mutations 

confer neomorphic activity to SF3B1, leading to the use of non-canonical branch point sequences 

that results in the use of cryptic 3ʹ splice sites clustering 12-24 nucleotides upstream of the 

canonical 3ʹ AG dinucleotide.62 As a result, SF3B1 mutations lead to widespread disruptions in the 

splicing landscape, marked by a significant rise in mis-spliced transcripts, predominantly in the 

form of alternative 3ʹ splice site usage (A3SS) and retained introns (RI), giving rise to transcripts 

which are either degraded by cellular quality control mechanisms or aberrant mRNA isoforms.  

Despite the well-characterized splicing alterations associated with SF3B1 mutations, the 

underlying mechanisms driving these changes remain incompletely defined. The mutation-specific 

nature of these splicing events suggests that the affected regions of SF3B1 are functionally 

important for mediating structural changes and interactions with RNA or protein partners.67,68 Prior 

studies have demonstrated that SF3B1 mutations alter RNA-binding affinity, shifting sequence 

preference from thymine-rich to adenine-rich sequences.69  Additionally, splice site selection may 

depend on the presence of specific NAG trinucleotides and the local RNA secondary structure or 

flexibility.70 Many cryptic 3ʹ splice sites utilized in mutant cells are believed to be embedded within 

RNA secondary structures that are inaccessible to wild-type SF3B1.71 Beyond RNA sequence and 

structure, SF3B1 mutations may perturb interactions with other spliceosomal components, such as 

DDX42 and SUGP1. Knockout experiments have shown that loss of either factor partially 

recapitulates the aberrant splicing patterns seen in SF3B1-mutant cells, while overexpression 

partially rescues normal splicing.72,73 Furthermore, these effects may be compounded by mutant 

SF3B1’s persistent association with GPATCH8, as evidenced by the partial rescue of mis-splicing 

following GPATCH8 knockout in mutant cells.74 
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In addition to changes in splicing, SF3B1 mutations appear to perturb the transcriptional 

machinery itself. A recent study by Boddu et al. demonstrated that SF3B1-mutant cell lines exhibit 

global redistribution of RNA Polymerase II (RNAPII), shifting it from transcriptional start sites 

(TSS) into gene bodies.75 This redistribution is thought to result from impaired recruitment of 

transcriptional elongation factors, such as P-TEFb, and defective spliceosome complex transitions, 

both consequences of disrupted SF3B1 function. These findings underscore the multifaceted 

impact of SF3B1 mutations, extending beyond splicing to include profound alterations in 

transcriptional regulation and chromatin dynamics—thereby contributing to the complex 

pathogenesis of MDS.75 

1.5 Transcriptional characteristics of SF3B1 mutations 

Significant efforts in the field have been directed toward identifying mis-splicing events 

that contribute to the pathogenesis of MDS. One well-characterized example is the aberrant 

splicing of the mitochondrial iron transporter ABCB7, which results in transcript degradation due 

to the inclusion of 22 base pairs of frame-shifting intronic sequence.76 Loss of ABCB7 impairs 

erythroid differentiation of CD34+ HSPCs,77 and has been directly implicated in ring sideroblast 

formation through studies using human-derived erythroid progenitor (HuDEP2) and induced 

pluripotent stem cell (iPSC) models.77,78 Similarly, A3SS-mediated mis-splicing of MAP3K7 leads 

to its downregulation, resulting in a premature decreased in GATA1 expression. This dysregulation 

drives an expansion of immature erythroid progenitors that ultimately undergo apoptosis prior to 

terminal differentiation.79,80  Together, these findings provide a mechanistic link between SF3B1 

mutation-induced aberrant splicing and the erythroid phenotypes observed in MDS patients.  
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The consequences of SF3B1-mutant mis-splicing extend beyond defects in erythroid 

differentiation. Studies have identified aberrant splicing of genes involved in metabolic regulation, 

such as COASY in MDS,81 and multiple targets in uveal melanoma.82 Additionally, SF3B1 

mutations contribute to hyperactive inflammatory signaling, including enhanced NF-κB activity 

via mis-splicing of MAP3K7,83 and dysregulated toll-like receptor (TLR) signaling through mis-

splicing of IRAK4.84 Aberrant splicing has also been observed in SF3B1's own transcript,85 as well 

as in genes involved in RNA export.85 Importantly, several mis-splicing events are emerging as 

potential therapeutic vulnerabilities – small molecule inhibition targeting mis-spliced UBA186  and 

T cell-based therapies directed at neoantigens arising from aberrant splicing87 represent promising 

strategies in SF3B1-mutant malignancies. 

Transcriptomic analyses have revealed widespread deregulation in SF3B1-mutant cells. 

Studies have consistently demonstrated that pathways related to DNA damage repair are 

significantly downregulated in SF3B1-mutant CD34⁺ HSPCs. Additionally, inflammatory 

signaling pathways are upregulated, mirroring the pro-inflammatory bone marrow environment 

and clonal outgrowth that typifies MDS pathophysiology.88,89 Recent single-cell analyses has 

provided even greater resolution of the transcriptional landscape in SF3B1-mutant HSPCs. In two 

independent studies—one involving primary MDS patient samples and another employing 

CRISPR-engineered CD34⁺ umbilical cord blood cells (UCB)—SF3B1-mutant transcriptional cell 

states were found to accumulate predominantly within early HSPC, myeloid, and erythroid 

progenitor compartments. These findings suggest a link between the expansion of erythroid 

precursors in the bone marrow and altered transcriptional programs driven by SF3B1 mutation. In 

particular, both studies reported suppression of cell cycle-related gene expression and a 

concomitant upregulation of translation-associated pathways within the erythroid lineage.90,91  
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1.6 Pathology of SF3B1 mutations 

SF3B1 mutations occur in ~25-30% of patients with MDS, and in ~80% of individuals with 

ring sideroblasts (RS) – abnormal erythroid precursors characterized by perinuclear iron-laden 

mitochondria– making SF3B1 one of the most frequently mutated genes in this disease.25,76,92 

Phenotypically, SF3B1 mutant MDS patients present with bone marrow hypercellularity, apoptotic 

erythroblasts, RS, and iron overload and are categorized as a unique subgrouping.15,92-94 VAF 

analysis of patients has shown these mutations largely exists in the dominant clonal population 

indicating SF3B1 mutations drive pathogenesis.20 When looking at the co-mutational pattern with 

other common MDS mutations, SF3B1 mutations occur in a mutually exclusive manner with other 

splicing factor mutations and in a non-random manner with other common MDS associated 

mutations like DNMT3A.95 Additionally, SF3B1 mutations have been detected, at significance in 

other hematologic malignancies such as CLL, where mutations occur mostly as a secondary hit 

and patients have poor clinical outcomes,63,96,97 and in solid tumors such as uveal melanoma 

(~25%), breast and pancreatic cancers.19,68,98-100 

Despite the colossal effort to understand the pathogenesis of SF3B1-mutant MDS, the field 

still lacks a clear understanding as to how SF3B1 mutations disrupt early HSPCs to drive clonal 

outgrowth and polarize differentiation. In culture, SF3B1 mutant cells grow slower and senesce, 

yet in the bone marrow these clones have a competitive advantage. So how does this mutation 

provide an advantage in for clonal outgrowth in CHIP? Why do SF3B1-mutant cell transcriptional 

states accumulate in early progenitor compartments? How do SF3B1 mutations promote 

differentiation along erythroid axis?   
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Herein, we have identified mis-splicing of CDK8 as a potential mechanism by which 

SF3B1 mutations lead to clonal outgrowth of CD34+ HSPCs. Our work shows that, mutant SF3B1-

mediated A3SS usage deregulates CDK8 to promote differentiation along the myeloid and 

erythroid axis, potentially mediated through transcriptional deregulation of key singling 

intermediate and lineage commitment genes. (Discussed in Chapter 2) 

1.7 CDK8 and Mediator Complex 

CDK8 is a member of the CDK8 mediator kinase module (CKM) comprised of CDK8, 

Med12, Med13 and cyclin C (CCNC). The CKM functions as an accessory module of the 1.2 MDa 

Mediator complex (referred to Mediator hereafter) and is present only in a sub-population of 

Mediator complexes. Although functionally conserved between yeast and humans, several human 

CKM components—with the exception of CCNC—have evolved paralogues (CDK19, MED12L, 

and MED13L) through gene duplication. These paralogues associate with the CKM in a mutually 

exclusive manner, resulting in the formation of up to eight distinct CKM assemblies.101  

Mediator is a master regulator of transcriptional activation in eukaryotes, where it forms a 

bridge between enhancer bound transcription factors and RNAPII.102-105 Mediator consists of 26 

subunits organized into 4 distinct structural models – the head, middle, tail and CKM.106,107 

Although Mediator is ubiquitously expressed at low levels across all eukaryotic cell types, it is 

essential for transcriptional activation through its coordinated interactions with gene-specific 

transcription factors, RNAPII, and the general transcription factors TFIIB, TFIID, TFIIE, and 

TFIIH at transcription start sites.105 Mediator undergoes conformational rearrangements upon 

binding to DNA-associated transcription factors which enable stable interactions with RNAPII 

and, in concert with TFIID, facilitates assembly of the pre-initiation complex (PIC). This spatial 
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organization is critical for positioning CDK7, a component of TFIIH, to phosphorylate the C-

terminal domain (CTD) of RNAPII — a prerequisite for productive transcription initiation.108 In 

addition to transcriptional initiation, Mediator has also been shown to modulate transcriptional 

factor residency108,109, participate in RNAPII reinitiation following pausing,110 and may be 

important for facilitating molecular condensate formation at enhancer and super enhancer 

sites111,112 making Mediator function critical for tight regulation of transcriptional output. Adding 

another layer of transcriptional fine tuning is the association and phosphorylation of transcriptional 

proteins by the CKM.  

1.8 CDK8 Regulates Transcription  

Unlike other CDKs, which rely on phosphorylation of their T-loop for functional 

activation, CDK8 kinase activation results from MED12 activation helix interaction, specifically 

residue E33.113 In yeast, CKM was initially shown to inhibit transcriptional initiation, where 

association of CKM to Mediator occludes interaction with RNAPII,114,115 or through synergistic 

interaction with GCN5L to modify histones (H3S10P/K14Ac).116 However, in human cells, the 

role for CDK8 and the CKM have expanded, where the CKM has been shown to both activate and 

repress transcription in a pathway specific manner either through direct phosphorylation of 

RNAPII CTD117 or other members of the transcriptional machinery. Additionally, CDK8 has been 

shown to play Mediator independent roles in transduction of signaling pathways, and to have 

important functions independent of its kinase activity. 

The first papers to characterize CDK8’s functions as a transcriptional activator in human 

cells were published in the early 2000’s by Donner et al. In a 2007 study, Donner showed that 

CDK8 is required for sustained transcription of the p53 target gene p21 in HCT116 colorectal 
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carcinoma cells upon treatment with the p53 activating compound Nutlin3, but was not recruited 

with transient activation by ultraviolet light.118 In follow up work, Donner et al. demonstrated that 

the CKM regulates precise steps in the assembly of the super elongation complex (recruitment of 

CDK7, P-TEFb and BRD4) required for transcriptional activation of genes within the serum 

response network (FOS, JUN, FOSB, JUNB, EGR1-3).119 Since these seminal publications, a 

plethora of work describing CDK8’s role as a transcriptional modulator for stimulus responsive 

genes have been published.  

1.9 CDK8 and Cancer 

In many solid tumors, CDK8 functions as an oncogene by colocalizing with oncogenic 

transcription factors to promote transcriptional activation. Among its most well-characterized roles 

is the activation of MYC target genes. In colorectal carcinoma, CDK8 plays a pivotal role in 

upregulating the expression of MYC and pluripotency-associated transcription factors, including 

OCT4, NANOG, and SOX2—factors essential for maintaining pluripotency in murine embryonic 

stem cells. This transcriptional program is hijacked in cancer to drive tumor cell dedifferentiation 

and proliferation.120 CDK8-mediated MYC activation has also been implicated in the 

hyperactivation of the β-catenin signaling pathway, a key driver of colorectal cell 

transformation.121 Furthermore, CDK8-dependent transcriptional activation has been shown to 

promote the hypoxia-inducible factor 1-alpha (HIF1α) response network, and glycolytic gene 

expression, thereby supporting sustained proliferation and the metabolic reprogramming 

characteristic of the Warburg effect.122,123 

In addition to its role in regulating RNAPII transcriptional activation through associating 

with core transcriptional machinery, CDK8 has been shown to regulate signal transduction 
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independent of its functions with Mediator. Phosphorylation of the Notch intracellular domain 

(ICD) to mediate turnover is an important regulatory mechanism to fine tune transcriptional 

bursting in many developmental pathways. CDK8 has been shown to colocalize with Notch ICD 

to promoters, where it phosphorylates the Notch ICD transactivation domain, mediating its 

degradation by the ubiquitin ligase FBW7 to facilitate turnover.124 Additionally, CDK8 has also 

been shown to play a mediator independent role in STAT1 signaling upon interferon stimulation. 

Upon translocation to the nucleus, STAT1 proteins recruit CDK8 to promoters, where STAT 

transactivation domain phosphorylation promotes activation of interferon inducible genes.125 

Similarly, in the TGF-β pathway, CDK8 phosphorylates receptor-regulated Smads, such as Smad2 

and Smad3, enhancing their transcriptional activity and contributing to context-specific gene 

regulation.126 

Given its ability to integrate multiple signaling pathways and its role in oncogenesis, CDK8 

has garnered some attention for its role in hematopoietic disease. Using the BCR-ABL1+ murine 

model to investigate CDK8’s role in B-cell acute lymphoblastic leukemia (B-ALL), Mezl et al 

discovered that, while CDK8 was not necessary for leukemic transformation, knock-out of CDK8 

supported leukemic maintenance, likely through activation of the mTOR pathway.127 Surprisingly, 

this phenomenon was kinase independent, as kinase inhibitor treatment had no phenotype. 

Conversely, pharmacological inhibition of CDK8 by the natural product cortistatin A in several 

leukemia cell lines resulted in decreased cell proliferation and a significant upregulation of genes 

associated with super-enhancers.112 In fact, in the last 5 years a wealth of drug development studies 

have been performed purporting CDK8 as a therapeutic vulnerability for the treatment of 

leukemia,128-132 though the mechanism underlying efficacy is not well defined.  
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1.10 CDK8 and inflammation 

 CDK8 functions as a critical regulator of inflammatory signaling across lymphoid and 

myeloid lineages, primarily through modulation of STAT and NF-κB signaling cascades. CDK8 

has been shown to mediate NF-κB-induced transcription, whereby CDK8/NF-κB colocalization to 

promoters facilitates transcriptional initiation through CDK8-mediated phosphorylation of 

RNAPII CTD.133  In RPMI8226 B lymphocytes, CDK8 knockdown attenuates TLR9-induced 

transcription of pro-inflammatory genes via reduced NF-κB and C/EBPβ activity.134,135 

Pharmacologic inhibition of CDK8 in murine CD4⁺ T cells with CCT251921 enhances TGF-β-

driven SMAD2/3 signaling while suppressing IFN-γ/STAT1, thereby promoting regulatory T cell 

differentiation.136 In myeloid cells, CDK8 inhibitors such as BRD10330 and BRD6989 elevate IL-

10 production and M2 macrophage polarization, respectively, through suppression of STAT1/2 

signaling, upregulation of AP-1 activity, and enhancement of IL-4-induced STAT6 

phosphorylation and p38 MAPK-dependent C/EBPβ expression.137,138 

CDK8 has been implicated in the epigenetic repression of inflammatory gene expression. 

Tsutsui et al demonstrated that the CKM regulates C/EBPβ-dependent transcription through 

targeted histone and DNA modifications. Using mass spectrometry, in vitro methylation assays, 

and gene expression analyses, they showed that the CKM recruits the PRMT5/MEP50 complex to 

promoters of C/EBPβ target genes, catalyzing symmetric dimethylation of histone H4 at arginine 

3 (H4R3me2s). This histone mark facilitates the recruitment of DNMT3A, leading to de novo DNA 

methylation and reduced assembly of the pre-initiation complex at these loci. Functionally, this 

cascade attenuates transcriptional induction of inflammatory genes, including IL8 and TNFα, in 

response to inflammatory stimuli.139 
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Given the convergence of aberrantly activated signaling pathways observed in SF3B1-

mutant cells—particularly those involving MYC and NF-κB, both of which are under 

transcriptional control mediated by CDK8—and the established role of CDK8 in recruiting P-

TEFb to drive productive transcription elongation, there is a strong rationale to explore CDK8 as 

a critical mediator of SF3B1-driven pathology. SF3B1 mutations are known to disrupt splicing of 

key regulators of transcription, our data suggest that CDK8 itself is a target of such mis-splicing. 

Moreover, CDK8 plays essential regulatory roles in pathways governing homeostasis, metabolic 

signaling, serum response, and inflammation—many of which are perturbed in MDS. Taken 

together, we hypothesize that SF3B1-mediated mis-splicing leads to loss of CDK8, which in turn 

compromises transcriptional control of differentiation and self-renewal programs in HSPCs. This 

disruption may promote clonal expansion and disrupt differentiation, contributing to disease 

progression in MDS. These mechanistic intersections position CDK8 as a compelling node of 

etiology.  

In this dissertation I will address the outstanding question: 

How do SF3B1 mutations disrupt cell fate choice in early HSPCs? 

In chapter 2, we use bioinformatic analysis of publicly available patient data to identify CDK8 as 

a target of SF3B1-mutant mediated mis-splicing. Using primary CD34+ cell culture and 

xenotransplantation models, we test the hypothesis that mis-splicing of CDK8 disrupts early HSPC 

cell fate choice. Using RNA sequencing, we identify candidate transcriptional pathways which 

may be altering HSPC differentiation resulting from CDK8 deregulation. Finally, we validate 

CDK8’s role in mutant SF3B1 differentiation phenotypes using immortalized iPSCs. 
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Chapter 2. MDS-associated SF3B1 mutations promote aberrant 

fate choice of hematopoietic stem cell via mis-splicing of 

mediator kinase module component CDK8 

Bonner E. A., Hsueh T., Song A., Arriaga-Gomez E. A., Venkataraman R., Sinha S., Nguyen E., 

Ferrell P. B., Welner R., Stirewalt D. L., Doulatov S., Lee S. L. (2025) 

 

2.1 Abstract 

Mutations in the RNA splicing factor SF3B1 are among the most common in MDS and are 

strongly associated with MDS with ring sideroblasts (MDS-RS). While aberrant splicing of 

terminal erythroid regulators has been implicated in MDS pathogenesis, the impact of SF3B1 

mutations on early hematopoietic progenitor function remains unclear. Here, we identify CDK8, a 

key kinase of the mediator complex involved in transcriptional regulation, as a recurrent mis-

spliced target in SF3B1-mutant MDS. Mutant SF3B1 induces cryptic 3′ splice site selection in 

CDK8, leading to loss of CDK8 mRNA and protein. Using primary human HSPCs, our study 

identifies CDK8 as an important regulator of HSPC homeostasis and cell fate determination. 

CDK8 depletion results in expanded primitive HSPCs and shifts differentiation toward the myeloid 

and erythroid lineages, mirroring phenotypes observed in SF3B1-mutant MDS, and functional 

rescue of CDK8 rescues early erythroid phenotypes in SF3B1-mutant cells. These findings 

implicate CDK8 mis-splicing as a mechanistic driver of altered progenitor fate and dysplasia in 

SF3B1-mutant MDS, linking aberrant splicing to transcriptional dysregulation and hematopoietic 

lineage commitment. 
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2.2 Introduction 

Myelodysplastic syndromes (MDS) are a heterogenous group of age-related clonal myeloid 

disorders characterized by cytopenia, morphologic dysplasia, and an increased risk of developing 

secondary acute myeloid leukemia (AML). The etiology of MDS can be broadly attributed to the 

complex interplay between genetic, epigenetic and environmental factors that cause functional 

abnormalities in bone marrow resident hematopoietic stem cells (HSCs), leading to clonal 

outgrowth and ineffective hematopoiesis. Somatic mutations in the RNA splicing factor SF3B1 are 

highly prevalent in MDS, occurring in ~25% of patients, and in over 70% of patients with ring 

sideroblasts (MDS-RS).30,92,140-143 SF3B1 is a member of the U2 small nuclear ribonucleoprotein 

(U2 snRNP) complex, which is responsible for intronic branchpoint recognition, an essential step 

in pre-mRNA splicing. MDS-associated SF3B1 mutations occur in hot-spot regions within the heat 

domains, and confer neomorphic activity that commonly results in cryptic branchpoint selection 

and the preferential usage of intron-proximal 3’ splice sites.64,66,144-147 Aberrant splicing of 

transcripts such as ABCB7, TMEM14C, MAP3K7, EFRE and PPOX by mutant SF3B1 have been 

directly linked to impaired terminal erythroid maturation, deregulation of iron homeostasis and 

ring sideroblast formation, which are pathognomonic features of MDS-RS.78,80,145,148,149  

In addition to alterations in cellular splicing repertoires, RNA sequencing has demonstrated 

that SF3B1 mutations cause alterations to the global transcriptional landscape of hematopoietic 

stem and progenitor cells (HSPCs). Single cell transcriptomic analysis of SF3B1-mutant CD34+ 

HSPCs shows that the cell transcriptional states of mutant HSPCs largely accumulate in myeloid 

and erythroid progenitor compartments and may be primed for preferential differentiation along 

the erythroid lineage.90,150 While many individual mis-spliced targets have been linked to deficits 

in late erythroid development, how mutant SF3B1 disrupts the function of early hematopoietic 
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progenitors remains unclear. Because a vast body of evidence has shown that lineage commitment 

is heavily reliant on appropriate gene expression to facilitate hematopoietic differentiation,151-155 

we hypothesize that SF3B1 mutations may be disrupting transcriptional cofactors responsible for 

fine tuning gene expression.  

In this study, we discovered that CDK8, a member of the mediator kinase module, is 

consistently mis-spliced in SF3B1-mutant MDS. CDK8 is the catalytic component of mediator 

kinase module, an accessory subunit of mediator complex that bridges transcription factors with 

the RNA polymerase II (RNAPII) machinery and integrates various cellular signals to modulate 

transcriptional output.110 Initially thought to function as a transcriptional repressor through 

phosphorylation of the RNAPII C-terminal domain,114,115 published work indicates CDK8 

functions as a transcriptional activator in the hypoxia response network and p53 pathways.118,122 

Additionally, CDK8 kinase activity has shown to be an important modulator of various signaling 

pathways such WNT, TGF, and INF𝛾 signal cascades by phosphorylating downstream effectors 

such as c-MYC, SMADs, STAT1 and STAT3.121,125,156-161 Given the pleiotropic roles of CDK8 as 

a transcriptional regulator, we investigated how MDS-associated SF3B1 mutations promote CDK8 

deregulation and its impact on dysplastic hematopoietic differentiation in MDS. 
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2.3 Results 

2.3.1 Focused RNA-seq analysis of transcriptional cofactors identifies recurrent 

mis-splicing of CDK8 in SF3B1-mutant MDS patients 

To identify candidate transcriptional co-factors which undergo mutant SF3B1-mediated 

aberrant splicing, we performed splicing analysis162 using RNA sequencing data from isogenic 

leukemia lines (K562 SF3B1-WT, K562 SF3B1-K700E, and HNT34, a leukemia cell line that 

harbors an endogenous SF3B1-K700E mutation), as well as publicly available MDS patient 

samples with and without SF3B1 mutations.163,164 We curated a list of 162 transcriptional co-

factors using gene ontology165,166 (Table 2.7.1) and looked for significant splicing events from our 

cohort that followed a set of criteria: 1) The splicing event must be enriched in SF3B1 mutant cells 

compared to wild-type (WT), 2) the splicing event deregulates transcript stability, 3) mis-splicing 

must occur across different SF3B1 mutations, 4) the splicing event is exclusive to SF3B1 

mutations. Using a delta percent spliced-in (dPSI) cut off of 0.08 and FDR <0.05, our analysis 

showed that, of the transcripts predicted to undergo alternative 3ʹ splice site usage, members of the 

mediator complex are highly enriched, including MED13L, MED6 and CDK8 (Figure 2.5.1A). 

Because alternative splice site usage can lead to either stable alternative isoform production or can 

introduce a premature termination codon, we next asked if any of the transcriptional co-factors 

also displayed changes in transcript level by RNA sequencing (Figure 2.5.1B). We performed 

differential gene expression analysis using DESeq2167 and found that, among the 20 predicted mis-

splicing events, only three transcripts (CDK8, TAF6L, TAF2) showed significant changes in 

expression (adjusted p-value <0.05). Notably, CDK8 was the only mediator complex member with 

significantly altered transcript levels. To determine if changes in CDK8 mRNA levels were specific 
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to the SF3B1-K700E mutation, we performed differential expression analysis on a larger cohort of 

MDS patients with and without SF3B1 mutations,163,168-170 healthy bone marrow and SF3B1-WT 

(K562) and SF3B1-K700E (K562, HNT34) cell lines (Figure 2.5.1C). While TAF6L displayed a 

greater decrease in mRNA expression in SF3B1-mutant samples, alternative 3ʹ splice site usage in 

both patient samples and cell lines is significantly enriched in the SF3B1-WT cells (Figure 2.5.1A, 

Figure 2.6.S1A), which did not meet our criteria. Similarly, the mis-splicing of MED13L, TAF2, 

and MED6 in SF3B1-mutant cells did not meet our criteria, either due to a lack of significant 

transcript downregulation or because the resulting splice variants generated stable mRNA isoforms 

(Figure 2.6.S1B-H). 

Due to alternative 3′ splice site usage, CDK8 is predicted to include 14-base pairs of 

intronic sequence proximal to exon 8. To confirm this, we examined CDK8 read coverage in the 

Integrated Genome Viewer171 (IGV) and observed intronic inclusion exclusively in samples from 

SF3B1-mutant cells  (Figure 2.5.1D). Additionally, we did not observe CDK8 mis-splicing in other 

common spliceosome mutations (Figure 2.6.S1I) Taken together, these data indicate that SF3B1 

mutations affect only a small subset of transcriptional co-factors, and among those, CDK8 is the 

only one consistently showing decreased mRNA transcript levels across different SF3B1-mutant 

contexts. (Figure 2.6.S1A-D) 

 

2.3.2 Mutant SF3B1-induced mis-splicing of CDK8 results in loss of expression 

via nonsense-mediated decay  

We next sought to validate CDK8 mis-splicing in SF3B1-mutant MDS patient samples and 

cells lines. We designed PCR primers which spanned exon-exon boundaries around CDK8 exon 8 
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and performed RT-PCR followed by native polyacrylamide gel electrophoresis (PAGE). We could 

detect the 14 base-pair intronic sequence inclusion in SF3B1-mutant but not SF3B1-WT isogenic 

cell lines (Figure 2.5.1E). We then wanted to determine if reductions in CDK8 mRNA 

corresponded to a reduction of CDK8 at the protein level. We performed western blot in SF3B1-

mutant cell lines and found that CDK8 protein was reduced in SF3B1 mutant samples but not their 

WT counterparts (Figure 2.5.1F). The inclusion of 14 base pairs of intronic sequence is predicted 

to lead to a frame shift, leading to reduction of CDK8 mRNA by the quality surveillance pathway 

nonsense-mediated decay (NMD). To verify this prediction, we treated cells with a NMD inhibitor, 

NMDi-14, and performed qPCR in isogenic SF3B1-mutant cell lines. We found that NMDi-14 

treatment restored CDK8 mRNA levels in SF3B1-mutant cells but not in SF3B1-WT cells (Figure 

2.5.1G). Together, these data verify that CDK8 is mis-spliced by mutant SF3B1 leading to 

reduction of CDK8 mRNA and protein due to mRNA degradation by NMD. 

 

2.3.3 Loss of CDK8 causes defective hematopoietic stem and progenitor cell 

function and muti-lineage differentiation in vitro and in vivo 

Phenotypically, SF3B1-mutant MDS patients present with an expansion of erythroblasts 

and single cell transcriptomic data has indicated that SF3B1-mutant HSPCs have an accumulation 

of cell states resembling early erythroid and myeloid precursors.78,90,150,172,173 To determine if 

CDK8 loss is contributing to the shift in frequency of early myeloid and erythroid progenitors, we 

used a dual-guide RNA-based CRISPR/Cas9 system174  to target CDK8 (CDK8KO) or the AAVS1 

(NTC) locus as a negative control in human CD34+ HSPCs (Figure 2.6.S2A-C). To monitor 

differentiation along a single lineage, we used GCSF-mobilized healthy adult CD34+ cells and 
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performed liquid culture differentiation along the myeloid or erythroid axis. We found that 

CDK8KO HSPCs produced a higher percentage of CD13+CD14+ myeloid cells, and 

CD71+CD235a+ erythroid cells compared to NTC cells (Figure 2.5.2A-B). To monitor multi-

lineage differentiation of early progenitors, we generated CDK8KO cells from umbilical cord 

blood-derived CD34+ HSPCs (UCB) and performed colony-forming unit (CFU) assays (Figure 

2.5.2C). Our data showed that CDK8KO HSPCs generated significantly more colonies, driven by 

a marked increase in CFU-Granulocyte/Macrophage (CFU-G/M) colonies. While CDK8 knock-

out did not produce a significant increase in the number of early burst-forming erythroid colonies 

(BFU-E), we found that when we collected total colonies at the end of the experiment, CDK8KO 

colonies produced much redder pellets (Figure 2.5.2D). Together, these results indicate that CDK8 

loss leads to increased differentiation along the myeloid and erythroid axes and supports our 

hypothesis that CDK8 mis-splicing may be contributing to the expansion of early erythroid and 

myeloid progenitors in SF3B1-mutant MDS. 

To determine the long-term in vivo consequences of CDK8 loss in hematopoiesis, we used 

the same CRISPR/Cas9 system to knockout CDK8 in UCB CD34+ cells followed by 

xenotransplantation in NOD/SCID/ILR2𝛾-null (NGS) mice (Figure 2.6.S3A). At terminus (20 

weeks post xenotransplantation), we harvested spleen, bone marrow and peripheral blood to assess 

lineage composition and confirm knock-down in bone marrow CD45+ cells (Figure 2.6.S2C-D).  

CDK8KO UCB mice had a mild increase in CD33+ myeloid cells in the blood and bone marrow 

(Supplemental Fig. S3C-E). There were no significant differences between the level of human 

cell chimerism (%CD45+) in the bone marrow mononuclear cell fraction of mice transplanted with 

AAVS1KO or CDK8KO HSPCs (Figure 2.6.S3F). Interestingly, we observed a significant increase 

CD14+CD16+ intermediate monocytes in the bone marrow (Figure 2.5.2E). Further examination 
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of the bone marrow HSPC fraction (defined by CD45+lineage-CD34+) revealed there was no 

significant increase in the total number of HSPCs between AAVS1KO and CDK8KO groups (Figure 

2.5.2F). Interestingly, we observed a mild but significant increase in the proportions of the more 

immature progenitors (defined by CD45+lineage-CD34+CD38-) and lymphoid-primed multipotent 

progenitors (LMPP, defined by CD45+lineage-CD34+CD38-CD45RA+CD90-) (Figure 2.5.2G-H, 

Figure 2.6.S3G).  When we looked within the more differentiated myeloid progenitor fraction 

(defined by CD45+lineage-CD34+CD38+), we observed a significant decrease in classically 

defined immunophenotypic megakaryocyte-erythroid progenitors (MEPs; CD45+lineage-

CD34+CD38+CD45RA-CD123-) and granulocyte-macrophage progenitors (GMPs; CD45+lineage-

CD34+CD38+CD45RA+CD123+) (Figure 2.5.2I). While we do not see an expansion in 

immunophenotypic MEPs or GMPs, we observed a significant expansion in a distinct subset of 

cells within the CD34+CD38+ compartment that express CD71 (Figure 2.5.2J), a population with 

the potential to differentiate into both erythroid and granulocytic lineages.175,176 Our in vivo data 

indicates that loss of CDK8 leads to an expansion of specific primitive HSPC compartments that 

skew towards the erythroid and granulocytic/myeloid differentiation trajectories. 

 

2.3.4 CDK8 loss deregulates homeostatic- and lineage-specific transcriptional 

pathways in HSPCs 

Because CDK8 functions as transcriptional modulator, we next sought to determine the 

changes resulting from CDK8 loss in UBC CD34+ HSPCs. We performed RNA sequencing in 

CD34+ UCB cells treated with 2 independent short-hairpin RNAs (shRNAs) targeting CDK8 

(shCDK8) or a non-targeting control (shNTC) (Figure 2.5.3A, Figure 2.6.S4A-C). We performed 
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differential expression analysis (DESeq2) and filtered for significant (padj <0.05) changes shared 

across both hairpins (Figure 2.5.3B, solid dots). We found that CDK8-deficient CD34+ cells had 

increased expression of known markers of myeloid differentiation (CD14, CECAM6, S100A8, 

S100A9), and decreased expression in signaling intermediates of key intracellular signaling 

pathways including the MAP kinase signaling (FOS, FOSB, JUN, DUSP2), JAK/STAT pathway 

(SOCS3) and GPCR signaling (RGS1, RGS2) pathways (Figure 2.5.3A, Figure 2.6.S4D). We 

then asked if we could detect similar patterns of deregulation in our MDS patient cohort. We found 

that most of the transcripts deregulated in CDK8-deficient CD34+ HSPCs showed a similar 

expression pattern in SF3B1-mutant MDS patients (Figure 2.5.3C). Taken together, these results 

indicate that CDK8 loss is leading to deregulation of several important transcriptional networks, 

likely resulting in the upregulation of genes associated with lineage differentiation. 

 

2.3.5 Restoration of CDK8 partially rescues erythroid differentiation defects in 

SF3B1-mutant iPSC model 

Next, we sought to formally demonstrate the causal link between the phenotypic consequences of 

CDK8 loss to SF3B1 mutations in MDS. To address this, we used a previously established isogenic 

pair of induced pluripotent stem cell-derived hematopoietic progenitor cell lines (iPSC-HPCs) 

generated from an MDS-RS patients with an SF3B1-G742D mutation177 (Figure 2.6.S5A). We 

also observed in the iPSC-HPC model that CDK8 is robustly mis-spliced and downregulated at 

both the mRNA and protein level in SF3B1-mutant cells relative to their SF3B1-WT isogenic 

counterparts (Figure 2.5.4B-C, Figure 2.6.S5B). Consistent with prior erythroid differentiation 

data, we observed that SF3B1-mutant iPSC-HPCs have a sharp increase in early erythroid cells 
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(CD71+CD235a-). We therefore hypothesized that this early expansion of erythroid progenitors 

may be due to loss of CDK8. To determine if restoration of CDK8 could rescue erythroid 

differentiation defects in SF3B1-mutant cells, we stably introduced CDK8 cDNA or an empty 

vector (EV) control in SF3B1-mutant iPSC-HPCs and performed erythroid differentiation (Figure 

2.5.4A & 4D). Compared to EV-transduced SF3B1-mutant cells, re-expression of CDK8 

significantly reduced the expansion of CD71+CD235a- cells (Figure 2.5.4E & 4G).  Surprisingly, 

as differentiation continued, re-expression of CDK8 in this model continued to repress expansion 

of erythroid cells (Figure 2.5.4F & 4H). Taken together, our data indicates that the aberrant 

erythroid expansion and differentiation phenotype characteristic of SF3B1 mutations in MDS-RS 

is partly mediated through mis-splicing and the subsequent loss of CDK8 function.  

 

2.3.6 Discussion 

SF3B1 mutations are purported as functional drivers of expansion in clonal hematopoiesis 

and MDS. However, despite extensive research, the mechanistic understanding of how splicing 

defects confer a competitive advantage and skew early HSPC cell fate choice remain elusive. Here, 

we have utilized publicly available patient transcriptomics data,163,168-170 ex vivo and in vivo models 

to identify CDK8 mis-splicing as a potential mechanism governing impaired hematopoiesis. Our 

findings highlight CDK8 as a critical effector in SF3B1-mutated MDS and elucidated its 

importance in regulating proper hematopoietic differentiation. 

SF3B1 is one of the most commonly mutated genes and the most frequently mutated 

spliceosome component in MDS and is associated with widespread splicing 

deregulation.30,62,64,66,71,76,92,140-143,145-147,168,178 Here, we identify CDK8 as a recurrent mis-splicing 
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target in SF3B1-mutant MDS patients across a range of hotspot mutations. Mis-splicing led to 

deregulation of CDK8 transcript levels in mutant cells due to the introduction of a premature 

termination codon, resulting in CDK8 degradation by the quality surveillance pathway nonsense 

mediated decay.  

Previous studies have linked SF3B1 mutations to impaired terminal erythroid 

differentiation, iron metabolism and the formation of ring sideroblasts,76,78,80,168 but a mechanistic 

link between clonal advantage and early fate choice of HSPCs had not been made.  Here, we show 

that, as a result of CDK8 loss, primitive HSPCs compartments expand in vivo and may 

preferentially differentiate along the myeloid and erythroid axes in vitro and in vivo. This skewed 

differentiation parallels the expansion of immature erythroid and myeloid precursors observed in 

SF3B1-mutant MDS patients and from SF3B1-mutant HSPCs from single cell transcriptomic 

studies. Thus, our findings provide a mechanistic link between SF3B1 mutations and disrupted 

early HPSC  fate via impaired CDK8-mediated transcriptional control. 

CDK8 is well known as a context-specific transcriptional regulator in solid tumors, 

influencing pathways like WNT, p53 and STAT signaling.121,125,156-161 Using RNA sequencing, our 

study identifies CDK8 as an important regulator of myeloid marker gene expression and indicates 

that deregulation of MYC and STAT pathways may be driving altered HSPC cell fate choice in 

SF3B1-mutant cells. Further supporting our findings, published work has shown that both MYC 

and JAK/STAT pathways play important regulatory roles in HSPC self-renewal, lineage 

commitment, and leukemogenic transformation.179-185 

SF3B1-mutant MDS is generally considered low-risk, with current treatments focused on 

managing anemia.  Our Data shows that reintroduction of CDK8 rescues erythroid abnormalities 

in SF3B1-mutant cell models and suggests a targeted approach to correcting differentiation defects 
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may be a therapeutic viability, potentially through the use of splice correcting antisense 

oligonucleotides (ASOs). Additionally, the observation that CDK8 loss enhances erythroid output 

underscores its therapeutic relevance, particularly given the abundance of available CDK8 kinase 

inhibitors that could be repurposed to promote erythropoiesis in other anemic conditions. 
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2.4 Figures and Legends 
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Figure 2.5.1 RNA sequencing reveals CDK8 deregulation in SF3B1 mutant MDS 

patient samples and isogenic cell lines.  

(A) Unsupervised clustering (columns) of significant (compared to WT MDS and healthy controls) mis-

spliced transcriptional cofactors (read count > 10, |PSI| > 0.08, FDR < 0.05, rows) from publicly available 

SF3B1-mutant MDS patient RNA sequencing data and isogenic cell lines (K562, HNT34). (B) Lollipop 

plot of the Log2 fold change (DESeq2) of significantly mis-spliced transcriptional co-factors. Yellow, 

adjusted pvalue < 0.05, blue, adjusted pvalue  0.05. (C) Normalized read counts (DESeq2) of CDK8 

mRNA from publicly available data. Dashed line = mean read count of SF3B1 WT samples. (D) IGV plots 

of the mis-spliced region of CDK8 in SF3B1 WT and SF3B1-mutant MDS patient samples and cell lines. 

Y-axis, absolute read count. (E) RT-PCR and native PAGE of 158 bp surrounding the alternative 3’ splice 

site usage in CDK8 mRNA collected from wildtype and SF3B1-mutant cell lines (right). (F) Western blot 

(top) and quantification (bottom) of CDK8 protein levels from wild type and SF3B1 mutant cell lines. 

Western blot was quantified and protein ratio (relative to loading control, ImageJ) was plotted (bottom) (G) 

qPCR mean  SD of isogenic K562 cell lines treated with NMDI-14 (n=3). Treated sample were normalized 

to untreated controls. *, p < 0.05, 2-way Anova. 
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Figure 2.5.2 Loss of CDK8 alters human HSPC differentiation.  

(A) Representative flow plots (top) and mean  SD (bottom) of CD13+CD14+ myelo-monocytic cells 

produced by GCSF-mobilized CD34+ cells electroporated with AAVS1 or CDK8 guide RNAs. (B) 

Representative flow plots (top) and mean  SD (bottom) of CD71+CD235a+ erythroid cells produced by 

GCSF-mobilized CD34+ cells electroporated with AAVS1 or CDK8 guide RNAs. Data in (A, B) are 
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normalized to non-targeting control (AAVS1). (C) Number of colony forming units (CFU) and the types of 

colonies produced (G/M, granulocyte/macrophage progenitors, BFU-E, burst-forming unit – erythroid). 

Data are represented as CFU number per 100 plated CD34+ UCB cells electroporated with AAVS1 or CDK8 

guide RNAs. (D) Representative image of CFU colony pellet following collection at assay termination. *, 

p < 0.05, unpaired two-tailed student’s t-test. (E) Percentage of human CD45+CD33+CD14+CD16+ 

intermediate monocytes in the bone marrow of mice (mean  SD). (F) Viable cell number of lineage 

negative CD34+CD38+ cells in the bone marrow. (G) Percentage lineage negative CD34+CD38- cells in 

bone marrow (mean  SD). (H) Percentage Lin-CD34+CD38- of hematopoietic stem cells (HSC, 

CD90+CD45RA-), multipotent progenitors (MPP, CD90-CD45RA-), and lymphoid myeloid primmed 

progenitors (LMPP, CD90-CD45RA+) cells in bone marrow (mean  SD). (I) Percentage Lin-CD34+CD38+ 

megakaryocyte erythroid progenitors (MEP, CD45RA-CD123-), common myeloid progenitors (CMP, 

CD45RA-CD123+), and granulocyte macrophage progenitors (GMP, CD45RA+CD123+) in the bone 

marrow. (J) Viable cell number of Lin-CD34+CD38+CD71+ cells in the bone marrow.  
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Figure 2.5.3 Homeostatic and lineage pathways are deregulated by CDK8 loss  

(A) Experimental overview for RNA sequencing experiment. (B) Volcano plot representation of 

differentially expressed genes from CDK8 knock-down cells compared to non-targeting control, showing 

the magnitude of difference (log2 fold change, x-axis) and significance (-log10(adjusted p-value), y-axis). 

Red dots, adjusted p-value < 0.05, LFC >0.5, blue dots, adjusted p-value < 0.05, LFC <0.5, solid dots, 

significant genes across both shRNAs. Dashed lines mark the cutoff for significance (horizontal, adjusted 

p-value < 0.05) and fold change (vertical,  -0.5 < LFC >0.5). (C) Volcano plot representation of 

differentially expressed genes from SF3B1-mutant MDS patient samples compared to SF3B1-WT MDS 

and healthy controls. Dots, genes shown to be significantly up (red) or down (blue) in CDK8 knockdown 

CD34+ HSPCs, grey circles, all other genes. 



 40 

 

Figure 2.5.4 CDK8 re-expression rescues early erythroid differentiation 

(A) Experimental overview for erythroid differentiation assay using the iPSC-HPC model. (B) RT-PCR and 

native PAGE of 158 bp surrounding the alternative 3ʹ splice site usage in CDK8 mRNA collected from 
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wildtype (WT) and SF3B1 G742D mutant iPSC-HPCs. (C) Western blot of CDK8 protein levels from 

SF3B1 wildtype and mutant iPSC-HPCs. (D) Western blot (top) and quantification of iPSC-HPCs 

transduced with lentiviral particles containing empty vector (EV), or full length CDK8 cDNA. Western blot 

was quantified and protein ratio (relative to loading control, ImageJ) was plotted (bottom). (E) 

Representative flow plots and (G) mean  SD (bottom) of CD71+CD235a+ iPSC-HPCs transduced with 

CDK8 cDNA or EV control on day 4 of erythroid differentiation. (F) Representative flow plots and (H) 

mean  SD (bottom) of CD71+CD235a+ iPSC-HPCs transduced with CDK8 WT cDNA or EV control on 

day 13 of erythroid differentiation. *, p < 0.05, **, p < 0.01, ***, p< 0.001, ****, p < 0.0001 ordinary one-

way Anova. 
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2.6 Supplemental Figures and Legends 

 

Figure 2.6.S1 Related to Figure 2.5.1   

(A) IGV plots of the alternative 3ʹ splice site (A3SS) between exon 4 and exon 5 in TAF6L, Y-axis, absolute 

read count. (B) Normalized read counts (DESeq2) of TAF6L mRNA in SF3B1-mutant MDS patient samples 

and cell lines, dashed line marks the mean counts of the SF3B1-WT patient samples. (C) IGV plots of the 

skipped exon (SE) between exon 9 and exon 10 in TAF2, Y-axis, absolute read count. (D) Normalized read 

counts (DESeq2) of TAF2 mRNA in SF3B1-mutant MDS patient samples and cell lines, dashed line marks 
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the mean counts of the SF3B1-WT patient samples. (E) IGV plots of the A3SS between in exon 17of 

MED13L, Y-axis, absolute read count. (F) Normalized read counts (DESeq2) of MED13L mRNA in 

SF3B1-mutant MDS patient samples and cell lines, dashed line marks the mean counts of the SF3B1-WT 

patient samples. (G) IGV plots of the A3SS between in exon 5 of MED6, Y-axis, absolute read count. (H) 

Normalized read counts (DESeq2) of MED6 mRNA in SF3B1-mutant MDS patient samples and cell lines, 

dashed line marks the mean counts of the SF3B1-WT patient samples. (I) IGV plots of the A3SS in CDK8 

exon 8 in AML patient and cell lines with different splicing mutations (SF3B1 K700E, SRSF2 P95H, U2AF1 

S34F), Y-axis, absolute read count. 
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Figure 2.6.S2 Related to Figure 2.5.2  

(A) Diagram of sgRNA’s targeting CDK8. (B) Analysis (CRISPResso) of editing efficiency surrounding 

CDK8 guide RNA 2 (sgRNA2) of bone marrow CD45+ cells collected from 3 mice at 20 weeks post-
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transplant. Top – percent sequence difference (green line), Bottom – -log10 of the p value for the edits at 

each position (blue line). Dashed black line – Bonferroni cutoff correction.  Percent sequence difference 

and p value calculated compared to the reference sequence (ENSG00000132964). Red dashed line – 

predicted cleavage position. (C) Sequence alignments from amplicon sequencing surrounding CDK8 

sgRNA2 of bone marrow CD45+ cells collected from3 mice at 20 weeks post-transplant and percentage of 

each alignment of total reads. Dashed black line – predicted cut site. (D) Representative flow plots from 

CD34+ UCB cells 24 hours post nucleofection with non-targeting (sgAAVS, brown), or CDK8 (sgCDK8, 

blue) guides or untreated cells (grey). (E) Western blot of CD34+ UCB cells 5 days post nucleofection. 
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Figure 2.6.S3 Related to Figure 2.5.2 

(A) Experimental overview of xenotransplantation assays. (B) Mature human (Ter119-CD45+) 

hematopoietic lineage composition (B cells – CD19+, Myeloid – CD33+, T cells – CD3+) in the peripheral 

blood of mice over 16 weeks. (C) Percent peripheral blood mature human hematopoietic cells at 20 weeks 

post transplantation. (D) Percent mature human hematopoietic cells at 20 weeks in the spleen post 

transplantation. (E) Percent mature human hematopoietic cells at 20 weeks in the bone marrow post 

transplantation. (F) Percent human chimerism (human CD45+) in peripheral blood (red), spleen (green), 

and bone marrow (blue). (G)  Representative flow plots and gating strategy for progenitor populations in 

the bone marrow at 20 weeks (AAVSKO – brown, CDK8KO – blue) 
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Figure 2.6.S4 Related to Figure 2.5.3 

(A) CDK8 qPCR from CD34+ UCB cells treated with viral particles containing non targeting (shNTC) or 

CDK8 (shCDK8) shRNAs. Data are plotted as the ratio with 18s RNA, normalized to shNTC. (B) Western 

blot from CD34+ UCB cells treated with shNTC or shCDK8. (C) Gating strategy and representative flow 

plots of UCB CD34+ cells treated with shRNAs. Red box – sorted population. (D) Reactome analysis186 of 

CDK8KO CD34+ UCB cells, showing significant (Benjamini Hochberg corrected p< 0.05) pathways. X-

axis, normalized enrichment score (NES). For corresponding genes see Table 2.7.3 
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Figure 2.6.S5 Related to Figure 2.5.4 

 (A) Sanger sequencing traces from WT (top) and SF3B1 mutant (bottom) iPSC-HPCs. Yellow bar 

highlights the C>A mutation encoding the G742D mutation. (B) Normalized read counts (DESeq2) of 

CDK8 mRNA from published RNA-seq data of SF3B1-mutant iPSC-HPCs in erythroid differentiation 

conditions (n=1/condition, 3 conditions total). Erythroid stage is indicated by point shape (circle = early, 

triangle = late, square = undifferentiated). 
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Figure 2.6.S6  Related to Discussion 

(A) CDK8 expression across hematopoietic cell populations – generated using BloodSpot187 

analysis of Differentiation Map (DMAP) data188. (B) Diagram of annotated and predicted isoforms 

of TAF6L from NCBI Genome Data Viewer (https://www.ncbi.nlm.nih.gov/gdv/). (C) Significant 

(Isoform fraction > 10%) isoforms of MED12 expressed by SF3B1-mutant samples compared to 

WT controls. Top – diagram of significant isoforms (Increased usage in WT–green, Increased 

usage in SF3B1-mutant–orange). Bottom Left – total RNA expression, y-axis = TPM of total 

MED12 mRNA. Bottom Center – Isoform TPM in SF3B1-mutant and SF3B1-WT samples, y-axis 

= isoform TPM. Bottom Right – Isoform usage SF3B1-mutant and SF3B1-WT samples, y-axis = 

isoform TPM/Total TPM. 

 

2.7 Methods 

Antibodies and oligos 

All primers used in this study are available in Tables 2.7.4. All antibody information is 

available in Tables 2.7.5.  

Cell Culture   

Human umbilical cord blood CD34+ cells (STEMCELL Technologies) and GCSF-

mobilized adult CD34+ cells (Fred Hutch Co-Operative Center for Excellence on Hematology 

(CCEH)) were thawed according to the manufacturer’s instructions. Cells were cultured in SFEM-

II (STEMCELL Technologies) supplemented with recombinant human cytokines (50 ng/mL SCF, 

50 ng/mL FLT3L, 50 ng/mL TPO; all from Peprotech), 10 μg/mL LDL (STEMCELL 

Technologies), 500 nM SR1 (Selleck Chem.), 1 μM UM729 (STEMCELL Technologies) for 24 

hours prior to nucleofection. K562, 293T, HNT34, and Nalm6 cells were cultured in base media 
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(IMDM, DMEM, and RPMI, respectively) supplemented with penicillin-streptomycin (100 U/mL, 

Gibco, No. 15140122), Glutamax (1%, Gibco, No. 35050061) and heat-inactivated FBS (10%: 

K562, 293T, NALM6, 20%: HNT34). The MDS-RS patient derived SF3B1-G742D and isogenic 

SF3B1-WT iPSC-derived hematopoietic progenitors (iPSC-HPCs) were generated and maintained 

as previously described.189 Briefly, cells were maintained in SFEM-II (STEMCELL Technologies) 

supplemented with penicillin-streptomycin (100 U/mL, Gibco, No. 15140122), doxycycline (2 

µg/mL) and cytokines (10 ng/mL IL-3, 50 ng/mL IL-6, 50 ng/mL TPO, 50 ng/mL SCF, 50 ng/mL 

FLT3L). Cells were washed and replated at a density of 5-7x105 cells/ mL every 3 days and not 

allowed to exceed 1.5x106 cells/mL. The iPSC-HPCs were maintained in culture for no more than 

7 weeks. All cell lines were maintained in a 37°C/5% CO2 incubator. 

Gene Editing 

Nucleofection of CD34+ HSPCs was carried out as previously described 190 using the P3 

4D Nucleofector kit (Lonza). Briefly, 24 hours post-thaw, 2-4 x105 cells were collected and rinsed 

in PBS and re-suspended in 20 μL nucleofection media consisting of 2.5 pmol/μL Sp.Cas9 

(Aldeveron), 2.5 pmol/μL guide RNA (1.25 pmol/μl each guide, Synthego), in nucleofector 

solution supplemented with buffer P3. Cells were nucleofected in the 4D nucleofector (Lonza) 

using program DS 150 for buffer P3. Cells were recovered in 200 μL complete SFEM-II (see 

above) and allowed to recover for 24 hours prior to use. For applications that required greater cell 

numbers, multiple nucleofection reactions were performed and subsequently mixed post 

nucleofection. Guides in Table 2.7.4. 

Lentivirus production 



 53 

Lentiviral particle production was performed using low-passage 293T cells (Takara 

ClonTech). Cells were seeded in 10 cm tissue culture dishes at a density of 3.2x104 cells/cm2 in 10 

mL complete DMEM (see above). 2 hours prior to transfection media was removed and replaced 

with 8 mL complete DMEM (see above). Transfection was performed 24 hours post plating by 

adding transfection master mix. To make the transfection master mix 12 μg of viral plasmid, and 

12 g of packaging viral mix (3:1 ratio of psPAX2:VSVG) was added to 2.34 mL Optimem 

(Gibco). 30 μg of polyethylenimine (Polysciences, 23966-100) was added to the media/plasmid 

solution and vortexed for 30 seconds. Transfection master mix was allowed to sit at room 

temperature for 20 minutes prior to adding it to 293T cells, drop-wise. Complete media changed 

was performed 16 hours post-transfection by removing media/transfection mix and replaced with 

10.5 mL of complete DMEM. Supernatants containing lentiviral particles were harvested 72 hours 

post transfection, snap-frozen in liquid nitrogen, and stored at -80ºC. To concentrate lentiviral 

particles, fresh viral supernatant was first filtered of cell debris in using Millex -GP syringe filters 

(Millipore, SLGVM33RS), and concentrated using Amicron Ultra-15 centrifugal filter units 

(Millipore, UFC905024), snap frozen and stored at -80ºC 

 

Immunoblotting 

Cells were lysed in RIPA buffer (Invitrogen, CAT#89900) supplemented with protease 

inhibitors (ThermoFisher, CAT#78446) and sonicated (Bioruptor UCD-200, Diagenode) for 5 

minutes in 30 second on/off cycles on medium setting. Protein concentrations were normalized 

using a Pierce BCA protein assay kit (Thermo Fisher Scientific CAT#23227). 20 ng of protean 

lysate was mixed with 6XSDS loading buffer (0.3M Tris-HCL, 10% SDS, 60% Glycerol, 6% 2-

mercaptoethanol, 1% bromophenol blue), loaded in pre-cast SDS acrylamide gels (BioRad, 
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CAT#4561084) and run at 90V. Blots were transferred using the Bio-Rad turbo transfer apparatus 

following manufacturers recommendation. Membranes were blocked in Tris-buffered saline with 

0.05% Tween-20 (TBS-T) and 5% milk for 1h at room temperature and immunoblotted with 

primary antibodies overnight at 4°C. Antibodies are listed in Table 2.7.5. Membranes were washed 

3 times with TBS-T and incubated for 1 h at room temperature with secondary antibodies 

conjugated to horseradish peroxidase.  Blots were imaged using ECL Substrate (BioRad, 

CAT#1705062) using AFP mini-medical 90 film processor.  

RT-PCR 

200 ng Trizol extracted RNA was used to make cDNA using iScript (BioRad, CAT# 

1708891). PCR was performed using GoTAQ (Promega, CAT#M7123). PCR products were run 

using the Protean II xi electrophoresis tank (BioRad) in a 12% native polyacrylamide gel (BioRad, 

CAT#1610156) in 1XTBE (Fisher Chemical, SO-0016) at 45V for 48 hours at 4C and imaged 

using ethidium bromide (Fisher Scientific, CAT#BP1302-10) on a Gel Doc XR (Bio-Rad). Primers 

are listed in Table 2.7.4. 

Flow Cytometry 

Cells were harvested and washed in cold FACS buffer (1XPBS, 2%FBS). Cells were 

resuspended in 100 μL staining buffer (FACs buffer with a 1:200 dilution of each antibody) and 

incubated in the dark at 4C for 20 minutes. Staining buffer was washed by adding 1 mL FACS 

buffer and resuspended in 100-300 μL FACS buffer with 1:500 dilution dapi (Millipore, 

10236276001). Flow cytometry was performed on the BD FACSymphony A5. Antibodies are 

listed in Table 2.7.5. 

Animals 
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All animal experiments were performed with approval by and in accordance with Fred Hutchinson 

Cancer Center (FHCC) Institutional Animal Care and Use Committees guidelines. Animal 

experiments were performed within the FHCC Comparative Medicine facility. For 

xenotransplantation experiments, 6–7-week-old female NOD.Cg-PrdkcSCID Il2r-/- (NSG) mice 

(Fred Hutch Comparative Medicine Shared Resources) were used. NSG mice were sub-lethally 

irradiated (2.0 cGy) 24 hours prior to transplantation. Twenty-four hours post recovery from 

nucleofection, ~4-8 x104 cells were transplanted intravenously via tail vein injection. Peripheral 

blood was monitored by flow cytometry every 4 weeks to track human cell chimerism. At 20 weeks 

post-xenotransplantation, hematopoietic organs (bone marrow, spleen and peripheral blood) were 

harvested and analyzed by flow cytometry using antibodies against CD45, CD34, CD38, CD33, 

CD19, CD71, CD45RA, CD90, CD123, and CD3. 

Ex vivo differentiation assays 

For colony-forming unit (CFU) assays, umbilical cord blood-derived CD34+ HSPCs were 

plated 24 hours post nucleofection in 1 mL MethoCult H4034 (STEMCELL Technologies). Cells 

were plated at a density of 500 cells/mL in triplicate plates. Colonies were counted and scored 11 

days post-plating. 

For myeloid differentiation assays, healthy adult CD34+ HSPCs were electroporated and 

plated at a density of 2.5 x104 cells/well in 96-well U-bottom plates in SFEM-II containing 

Myeloid II Expansion supplement (STEMCELL Technologies). Differentiation was monitored by 

flow cytometry for expression of CD14 and CD13. 

Erythroid differentiation was performed using healthy adult CD34+ HSPCs following 

previously described protocols.191 Briefly, 1x105 cells were plated in 1 mL of expansion media 
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(SFEM supplemented with 100 ng/mL FLT3 ligand, 100ng/mL SCF, 5 ng/mL IL-3, 20 ng/mL IL-

6) for 3 days. On day 4 cells were plated at a density of 1 x105 cells/ mL in Stage 1 media (IMDM, 

15% FBS, 2 mM glutamine, 1% BSA, 500 μg/mL holo-transferrin, 10 μg/mL insulin, 100 ng/mL 

SCF, 5 ng/mL IL3, 6 U/mL EPO) and cultured for 5 days. On day 9 cells were plated at a density 

of 2x105 cells/ mL in Stage 2 media (IMDM, 15% FBS, 2 mM glutamine, 1% BSA, 500 μg/mL 

holo-transferrin, 10 μg/mL insulin, 100 ng/mL SCF, 6 U/mL EPO). On day 14 cells were seeded 

at 3 x105 cells/mL in Stage 3 media (IMDM, 15% FBS, 2 mM glutamine, 1% BSA, 500 μg/mL 

holo-transferrin, 10 μg/mL insulin, 2 U/mL EPO). The appropriate media was supplemented in the 

middle of each stage to maintain cells at a density below 2 x106 cells/mL. Differentiation was 

monitored by flow cytometry for expression of CD71 and CD235a 

 

RNA Sequencing 

For cultured cell lines total RNA was isolated from 5 x106 K562 SF3B1WT, K562 

SF3B1K700E or HNT34 cells using TRIzol according to the manufacturer's instruction. For CDK8 

knock-down UCB derived CD34+ cells, 0.2-3 x106 CD34+ GFP+ cells were sorted using the 

Symphony S6 sorter (BD Biosciences), followed by RNA isolation by Trizol.  RNA quality was 

determined using Agilent RNA 6000 Nano chip on the Agilent 4200 TapeStation and quantification 

was performed using NanoDrop spectrophotometer (Thermo Fisher Scientific). Total RNA 

samples with RNA integrity number (RIN) >8 was selected for Illumina sequencing library 

preparation. One microgram of DNA-free total RNA was used to prepare the library using Ultra II 

Directional RNA Library Prep Kit (New England Biolabs, No. E7760L) following manufacturer's 

instructions. Paired end sequencing (150 bp) of the libraries were performed using an Illumina 

NovaSeq SP platform. 
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Amplicon Sequencing 

Human CD45+ cells were isolated from murine bone marrow 20 weeks post-transplant 

using the using the BD Symphony S6 sorter (BD Biosciences). DNA was extracted using the 

Qiagen DNeasy blood and tissue kit (CAT#69504). PCR was performed using Platinum II host 

start PCR master mix (Invitrogen, CAT#14000013). PCR products were precipitated overnight 

using ethanol precipitation (https://projects.iq.harvard.edu/files/hlalab/files/ethanol-precipitation-

of-rna_hla.pdf) and submitted for sequencing at Azetna following submission guidelines. 

 

Bioinformatic Analysis 

For RNA sequencing, raw fastq files were trimmed and quality was assessed using 

TrimGalore (https://github.com/FelixKrueger/TrimGalore). Trimmed fastq files were aligned 

(GRCh38, Gencode Release 48) with STAR192 using –quantMode GeneCounts. For publicly 

available MDS patient data batch correction was performed using limma193 and differential 

expression for all datasets was performed using DESeq2194 comparing wild type to mutant 

samples. Significant changes were determined using a cutoff of |Log2 fold change|  0.5 and p-

adjusted value  0.05. For splicing analysis reads were aligned (GRCh38, Gencode Release 48) 

using STAR along with soft-clipping and splicing changes were quantified using RMATS-turbo 

4.1.1195 with the novel splice site detection feature enabled.  

To generate heat map plots of publicly available data, .JC files were imported using maser 

(https://github.com/DiogoVeiga/maser) and significant splicing events were determined 

(minimum read count =10, |PSI| 0.05, FDR <0.05). A list of 162 transcriptional cofactors was 
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curated from gene ontology (https://geneontology.org/) and filtered for unique entries. Significant 

splicing events were filtered using the unique transcriptional cofactor list. Z scores were calculated 

for splicing events within each data set to control for batch effects and unsupervised clustering was 

performed across all samples within each splice type. 

For amplicon sequencing analysis, quality and trimming was performed on raw fastq files 

(see above). Reads were aligned to CDK8 reference sequence (NCBI NC_000013.11) and 

analyzed using CRISPResso196 using a window of 50 nucleotides surrounding the guide.  

To perform isoform analysis, trimmed fastq files were aligned using Kallisto197 (GRCh38, 

Gencode Release 43). To determine novel isoforms, alignments were imported into R using 

IsoformSwitchAnalyzeR198,199 and significant (gene expression cutoff =1, isoform cutoff =0) 

isoform changes were analyzed and plotted. 
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2.7 Tables 

2.7.1 GO Transcriptional Cofactors 

GO_term Gene Description GO_term Gene Description 

GO:0000126 BRF1 transcription factor TFIIIB complex GO:0016591 ATXN7 RNA polymerase II, holoenzyme 

GO:0000126 BRF2 transcription factor TFIIIB complex GO:0016591 TRRAP RNA polymerase II, holoenzyme 

GO:0000126 BDP1 transcription factor TFIIIB complex GO:0016591 SUPT3H RNA polymerase II, holoenzyme 

GO:0000127 GTF3C1 transcription factor TFIIIC complex GO:0016591 CTR9 RNA polymerase II, holoenzyme 

GO:0000127 GTF3C2 transcription factor TFIIIC complex GO:0016591 TADA3 RNA polymerase II, holoenzyme 

GO:0000127 GTF3C5 transcription factor TFIIIC complex GO:0016591 RTF1 RNA polymerase II, holoenzyme 

GO:0000127 GTF3C4 transcription factor TFIIIC complex GO:0016591 USP22 RNA polymerase II, holoenzyme 

GO:0000127 GTF3C3 transcription factor TFIIIC complex GO:0016591 TAF5L RNA polymerase II, holoenzyme 

GO:0000127 GTF3C6 transcription factor TFIIIC complex GO:0016591 PAF1 RNA polymerase II, holoenzyme 

GO:0005665 POLR2A RNA polymerase II, core complex GO:0016591 ENY2 RNA polymerase II, holoenzyme 

GO:0005665 POLR2B RNA polymerase II, core complex GO:0016591 ATXN7L3 RNA polymerase II, holoenzyme 

GO:0005665 POLR2C RNA polymerase II, core complex GO:0016591 CDC73 RNA polymerase II, holoenzyme 

GO:0005665 POLR2D RNA polymerase II, core complex GO:0016591 SKIC8 RNA polymerase II, holoenzyme 

GO:0005665 POLR2E RNA polymerase II, core complex GO:0016591 LEO1 RNA polymerase II, holoenzyme 

GO:0005665 POLR2F RNA polymerase II, core complex GO:0016591 MYZAP RNA polymerase II, holoenzyme 

GO:0005665 POLR2G RNA polymerase II, core complex GO:0016592 CCNC mediator complex 

GO:0005665 POLR2H RNA polymerase II, core complex GO:0016592 CDK8 mediator complex 

GO:0005665 POLR2I RNA polymerase II, core complex GO:0016592 MED1 mediator complex 

GO:0005665 POLR2J RNA polymerase II, core complex GO:0016592 MED22 mediator complex 

GO:0005665 POLR2K RNA polymerase II, core complex GO:0016592 MED14 mediator complex 

GO:0005665 POLR2L RNA polymerase II, core complex GO:0016592 MED21 mediator complex 

GO:0005665 POLR2M RNA polymerase II, core complex GO:0016592 MED23 mediator complex 

GO:0005665 POLR2J2 RNA polymerase II, core complex GO:0016592 MED17 mediator complex 

GO:0005665 POLR2J3 RNA polymerase II, core complex GO:0016592 MED26 mediator complex 

GO:0005669 ERCC2 transcription factor TFIID complex GO:0016592 MED27 mediator complex 

GO:0005669 ERCC3 transcription factor TFIID complex GO:0016592 MED7 mediator complex 

GO:0005669 GTF2A1 transcription factor TFIID complex GO:0016592 MED20 mediator complex 

GO:0005669 GTF2A2 transcription factor TFIID complex GO:0016592 BCLAF1 mediator complex 

GO:0005669 GTF2B transcription factor TFIID complex GO:0016592 MED24 mediator complex 

GO:0005669 GTF2E1 transcription factor TFIID complex GO:0016592 THRAP3 mediator complex 

GO:0005669 GTF2E2 transcription factor TFIID complex GO:0016592 MED12 mediator complex 

GO:0005669 GTF2F1 transcription factor TFIID complex GO:0016592 MED13 mediator complex 

GO:0005669 GTF2H2 transcription factor TFIID complex GO:0016592 MED6 mediator complex 

GO:0005669 GTF2H3 transcription factor TFIID complex GO:0016592 MED16 mediator complex 

GO:0005669 GTF2H4 transcription factor TFIID complex GO:0016592 MED13L mediator complex 

GO:0005669 TAF1 transcription factor TFIID complex GO:0016592 MED4 mediator complex 

GO:0005669 TAF2 transcription factor TFIID complex GO:0016592 MED31 mediator complex 

GO:0005669 TAF4 transcription factor TFIID complex GO:0016592 MED18 mediator complex 

GO:0005669 TAF4B transcription factor TFIID complex GO:0016592 MED9 mediator complex 

GO:0005669 TAF5 transcription factor TFIID complex GO:0016592 MED29 mediator complex 

GO:0005669 TAF6 transcription factor TFIID complex GO:0016592 MED28 mediator complex 

GO:0005669 TAF7 transcription factor TFIID complex GO:0016592 MED25 mediator complex 

GO:0005669 TAF9 transcription factor TFIID complex GO:0016592 MED10 mediator complex 

GO:0005669 TAF10 transcription factor TFIID complex GO:0016592 HAVCR2 mediator complex 

GO:0005669 TAF11 transcription factor TFIID complex GO:0016592 MED30 mediator complex 

GO:0005669 TAF12 transcription factor TFIID complex GO:0016592 MED8 mediator complex 

GO:0005669 TAF13 transcription factor TFIID complex GO:0016592 MED12L mediator complex 

GO:0005669 TBP transcription factor TFIID complex GO:0016592 PPARGC1B mediator complex 

GO:0005669 TCEA1 transcription factor TFIID complex GO:0016592 MED19 mediator complex 

GO:0005669 TAF6L transcription factor TFIID complex GO:0016592 BCLAF3 mediator complex 

GO:0005669 TAF9B transcription factor TFIID complex GO:0016592 MED11 mediator complex 

GO:0005669 TAF7L transcription factor TFIID complex GO:0030880 POLR3D RNA polymerase complex 

GO:0005669 PAAF1 transcription factor TFIID complex GO:0030880 MCM3 RNA polymerase complex 

GO:0005669 TAF3 transcription factor TFIID complex GO:0030880 POLA1 RNA polymerase complex 
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GO:0005669 TAF8 transcription factor TFIID complex GO:0030880 POLRMT RNA polymerase complex 

GO:0005669 TAF1L transcription factor TFIID complex GO:0030880 PRIM1 RNA polymerase complex 

GO:0005669 TAF11L2 transcription factor TFIID complex GO:0030880 PRIM2 RNA polymerase complex 

GO:0005669 TAF11L4 transcription factor TFIID complex GO:0030880 TERT RNA polymerase complex 

GO:0005669 TAF11L6 transcription factor TFIID complex GO:0030880 POLR1C RNA polymerase complex 

GO:0005669 GTF2H5 transcription factor TFIID complex GO:0030880 POLR3F RNA polymerase complex 

GO:0005669 TAF11L3 transcription factor TFIID complex GO:0030880 POLR3G RNA polymerase complex 

GO:0005669 TAF11L7 transcription factor TFIID complex GO:0030880 POLR3C RNA polymerase complex 

GO:0005669 TAF11L8 transcription factor TFIID complex GO:0030880 POLR1G RNA polymerase complex 

GO:0005669 TAF11L10 transcription factor TFIID complex GO:0030880 POLR3A RNA polymerase complex 

GO:0005669 TAF11L12 transcription factor TFIID complex GO:0030880 POLA2 RNA polymerase complex 

GO:0005669 TAF11L14 transcription factor TFIID complex GO:0030880 POLR1A RNA polymerase complex 

GO:0005669 TAF11L9 transcription factor TFIID complex GO:0030880 RPAP1 RNA polymerase complex 

GO:0005669 TAF11L11 transcription factor TFIID complex GO:0030880 CRCP RNA polymerase complex 

GO:0005669 TAF11L13 transcription factor TFIID complex GO:0030880 POLR1H RNA polymerase complex 

GO:0005672 TBPL1 transcription factor TFIIA complex GO:0030880 POLR1D RNA polymerase complex 

GO:0005672 GTF2A1L transcription factor TFIIA complex GO:0030880 POLR3K RNA polymerase complex 

GO:0005674 GTF2F2 transcription factor TFIIF complex GO:0030880 POLR3B RNA polymerase complex 

GO:0005675 CCNH transcription factor TFIIH holo complex GO:0030880 POLR3E RNA polymerase complex 

GO:0005675 CDK7 transcription factor TFIIH holo complex GO:0030880 ZNFX1 RNA polymerase complex 

GO:0005675 GTF2H1 transcription factor TFIIH holo complex GO:0030880 POLR1E RNA polymerase complex 

GO:0005675 MNAT1 transcription factor TFIIH holo complex GO:0030880 POLR1B RNA polymerase complex 

GO:0005675 MMS19 transcription factor TFIIH holo complex GO:0030880 POLR3GL RNA polymerase complex 

GO:0005675 GTF2H2C transcription factor TFIIH holo complex GO:0030880 TENT2 RNA polymerase complex 

GO:0005675 GTF2H2C_2 transcription factor TFIIH holo complex GO:0030880 POLR3H RNA polymerase complex 

GO:0016591 KAT2A RNA polymerase II, holoenzyme GO:0030880 PRIMPOL RNA polymerase complex 

GO:0016591 PEX2 RNA polymerase II, holoenzyme GO:0030880 POLR1F RNA polymerase complex 

 

2.7.2 Differentially expressed genes 

ensID baseMean log2FoldChange lfcSE padj Symbol 

ENSG00000125740 1878.7826136516646 -5.17420266 0.7470188559797255 2.335289529292566e-9 FOSB 

ENSG00000090104 825.7795585631396 -4.220729611 0.6905700804334852 3.716430110005118e-7 RGS1 

ENSG00000177606 2489.458889632369 -3.056824789 0.6124597028949723 6.596096477997943e-5 JUN 

ENSG00000120129 2770.765503378519 -2.926330941 0.5393793503994113 1.0097593714401976e-5 DUSP1 

ENSG00000118515 1074.3584376154172 -2.623042227 0.47037505297972076 5.0441303397957194e-6 SGK1 

ENSG00000170345 12930.647574938048 -2.577293336 0.47400244126348723 9.651933776434896e-6 FOS 

ENSG00000277632 55.58257408257569 -2.565155666 0.4515637390236164 3.307975186538853e-6 CCL3 

ENSG00000116741 1433.0923605116338 -1.822042176 0.4064934013395392 5.234732919821925e-4 RGS2 

ENSG00000073756 521.0046434285538 -1.65754851 0.42593862196815846 0.00385498 PTGS2 

ENSG00000132964 723.9034206792483 -1.158014797 0.09897008 1.026771656574397e-27 CDK8 

ENSG00000182774 357.35341636638356 -1.001460542 0.1403347622359276 5.990730233884701e-10 RPS17 

ENSG00000158050 413.03934302955196 -0.812058189 0.1575343497445572 3.298068734523109e-5 DUSP2 

ENSG00000184557 280.7575681007912 -0.789858827 0.1891523802310188 0.00158093 SOCS3 

ENSG00000128016 1898.3105918540857 -0.777887323 0.22401595963527565 0.0127953 ZFP36 

ENSG00000184678 359.9573145078734 -0.664709732 0.17829422469046857 0.00631415 H2BC21 

ENSG00000184205 654.0715317830264 -0.484370032 0.12320497079698715 0.00342791 TSPYL2 

ENSG00000099860 607.4976294 -0.369946331 0.11748194978571683 0.028755822642934987 GADD45B 

ENSG00000115875 8973.869337 -0.334925735 0.07139787 2.373606844050005e-4 SRSF7 

ENSG00000207827 1563.074527635818 -0.329798714 0.10118088359312803 0.02231193 MIR30A 

ENSG00000156976 17060.708773729457 -0.275448581 0.052114514503249096 1.8179230097703505e-5 EIF4A2 

ENSG00000255717 7070.889591 -0.220936579 0.05039677 7.383180207228241e-4 SNHG1 

ENSG00000168209 6897.294557354342 0.2055778585950733 0.05174286 0.00307217 DDIT4 

ENSG00000103811 757.7166385827011 0.671705084 0.12147521099414889 6.280113701983998e-6 CTSH 

ENSG00000260314 819.9228977079372 0.685285848 0.1350038229889804 4.7403004466840905e-5 MRC1 

ENSG00000100448 5187.598726877983 1.2311566005856651 0.16077495937894287 2.0982368537212392e-11 CTSG 

ENSG00000169397 363.22106475704595 1.2792299336010846 0.17424053206809356 1.8016521270311612e-10 RNASE3 

ENSG00000163563 402.48945732314496 1.3736638093452906 0.16469517583348636 1.2584608647544614e-13 MNDA 
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ENSG00000170458 120.64453356979837 1.3947519420769008 0.2701091907862268 3.1968117020644744e-5 CD14 

ENSG00000196415 13659.607819159079 1.5286750177435138 0.2127039003237495 4.4850703323591617e-10 PRTN3 

ENSG00000121552 351.0193224991847 1.709440178310159 0.16356745480875684 7.848916126556517e-22 CSTA 

ENSG00000172232 9732.000277510488 1.8436254373650547 0.2285143462335916 9.678817394728107e-13 AZU1 

ENSG00000163220 159.81529791352145 1.872561885677348 0.24916297584503833 5.7573270515701774e-11 S100A9 

ENSG00000143546 113.08487904163589 2.226735497604151 0.29775919177314336 7.190558135063182e-11 S100A8 

ENSG00000086548 196.9488889123964 2.3442469387556697 0.22841957185801529 4.2033827264413034e-21 CEACAM6 

ENSG00000197561 6010.374727727248 2.498734061804507 0.19410165750687633 1.03271413028086e-33 ELANE 

ENSG00000101425 454.1260027613963 2.7829060405792463 0.2895722247965788 2.3467319553399878e-18 BPI 

ENSG00000206249 56.12894316 3.577563261618314 0.4836271070151829 1.2531334809738146e-10   

ENSG00000214389 1391.168138637989 6.251596438128567 1.2547107956827572 6.765357734341583e-5 RPS3AP26 

 

2.7.3 Reactome Analysis 

ID Description NES p.adjust symbol_enrichment 

R-HSA-

6798695 

Neutrophil 

degranulation 2.35456467 4.76E-05 

BPI/ELANE/CEACAM6/S100A8/S100A9/AZU1 

/PRTN3/CD14/MNDA/RNASE3/CTSG 

R-HSA-

162582 

Signal 

Transduction -2.011950239 1.44E-03 

SOCS3/DUSP2/CDK8/RGS2/CCL3/ 

FOS/SGK1/DUSP1/JUN/RGS1/FOSB 

R-HSA-

168249 

Innate Immune 

System 1.834870044 1.01E-02 

BPI/ELANE/CEACAM6/S100A8/S100A9/AZU1/ 

PRTN3/CD14/MNDA/RNASE3/CTSG 

R-HSA-

168256 Immune System 1.620583475 2.46E-02 

BPI/ELANE/CEACAM6/S100A8/S100A9/AZU1/PRTN3/CD14/ 

MNDA/RNASE3/CTSG/MRC1/CTSH 

 

2.7.4 Primers 

Primer Name Sequence (5'-3') Application 

CDK8_99514_F TGGGAATCCCTGAGTGTTTCTT Amplicon Sequencing 

CDK8_ 99830_R CAGGCCTACATATAGCACTGGT Amplicon Sequencing 

CDK8_Guide1 AATATTTCACTGTCGACAAG Guide RNA 

CDK8_Guide2 GCATGCTAACTGGGTGTTGC Guide RNA 

CDK8_ex6-7_F TTGATATTTGGGCTATAGGGTGT RT-PCR 

CDK8_ex9-10_R TTCTGAAGCAAGTGGAATGC RT-PCR 

AAVS_Guide1 TTCTGGGAGAGGGTAGCGCA Guide RNA 

AAVS_Guide2 GAGATGGCTCCAGGAAATGG Guide RNA 

 

2.7.5 Antibodies 

Antigen clone supplier application 

CD117 104D2 Biolegend Flow Cytometry 

CD123 6H6 Biolegend Flow Cytometry 

CD13 WM15 Biolegend Flow Cytometry 

CD14 M5E2 Biolegend Flow Cytometry 

CD16 3G8 Biolegend Flow Cytometry 

CD19 HIB19 Biolegend Flow Cytometry 

CD235a HIR2 Biolegend Flow Cytometry 

CD33 WM53 Biolegend Flow Cytometry 

CD34 581 Biolegend Flow Cytometry 
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CD38 HB7 Biolegend Flow Cytometry 

CD45 2D1 Biolegend Flow Cytometry 

CD45 A20 Biolegend Flow Cytometry 

Cd45.1 30-F11 Biolegend Flow Cytometry 

CD45RA HI100 Biolegend Flow Cytometry 

CD71 CY1G4 Biolegend Flow Cytometry 

CD90 5E10 Biolegend Flow Cytometry 

CDK8 P455 Cell Signal Technologies Western Blot 

GAPDH 1D4 Novus Biologicals Western Blot 

hCD3 SK7 BD Biosciences Flow Cytometry 

Streptavvadin   Biolegend Flow Cytometry 

Ter119 TER-119 Biolegend Flow Cytometry 
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Chapter 3. Discussion 

While our data provides a clear and novel role for CDK8 in the control of hematopoietic 

differentiation, there are still many avenues left unexplored. How does loss of CDK8 drive 

dysplastic erythropoiesis and immature HSPC expansion? Is loss of CDK8 contributing to 

alterations in transcriptional initiation and elongation in SF3B1-mutant cells? Our work shows that 

SF3B1 mutations also disrupt other members of the CKM and transcriptional machinery. Are these 

changes synergistic or is loss of CDK8 sufficient to drive phenotypic changes? 

Our in vivo data indicates that mice xenotransplanted with CDK8KO UCB CD34+ cells have 

an expanded CD34+CD38+CD71+ population in the bone marrow (Figure 2.5.2J). Are these 

functionally differentiating or is this the result of upregulated expression of the gene encoding this 

transmembrane protein (TFRC)? Several publications have indicated that upregulation of TFRC 

can occur through the MYC, HIF-1, and mTOR pathways under various physiological 

conditions200-202 – pathways shown to be regulated by CDK8. One hypothesis is that, in absence 

of CDK8, one of these transcriptional pathways are driving overexpression of CD71 leading to 

false identification of erythroid progenitor cells due to increased presence of CD71.  

Conversely, upregulation of CD71 could be a result of pernicious differentiation related to 

deregulation of the GATA1/STAT5 signaling axis. Publications using cultured cell lines and CB 

HSPCs have demonstrated that these pathways are intrinsically linked, where STAT5 has been 

shown to promote expression of GATA1 and GATA1 driven differentiation relies on STAT5 

activity.203,204 STAT5 is activated by phosphorylation to promote heterodimer formation and DNA 

binding.205 In vitro and in vivo studies using the CDK8 kinase inhibitor Sel120-34A have indicated 

that STAT5 is a phosphorylation target of CDK8.206 Based on these data, another potential 

hypothesis is that expanded erythroid differentiation is initiated by deregulation of the 
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STAT5/GATA1 signaling axis due to changes in STAT5 phosphorylation induced by mutant SF3B1 

mis-splicing of CDK8.  

Analysis of Differentiation Map (DMAP) data188 shows that CDK8 expression is highest 

in cells of the erythroid lineage (Figure 2.6.S6A) indicating that CDK8 likely plays a role in 

promoting differentiation. Addressing these questions will not only provide deeper understanding 

into the mechanisms driving dysplastic erythroid development in SF3B1-mutant MDS but will 

elucidate a novel role for CDK8 in the context of erythroid differentiation. 

Our xenotransplantation data indicates that loss of CDK8 leads to increased 

numbers/proportion of CD34+CD38- HSPCs in the bone marrow, although the underlying 

mechanism remains unclear. CDK8 has been shown to play an important regulatory role in many 

key pathways involved in pluripotency and homeostasis. Indeed, in our data we find that loss of 

CDK8 reduces HSPC expression of FOS, FOSB, and JUN (Figure 2.5.3A, Table 2.7.1)– members 

of the AP-1 transcription factor family. The  AP-1 transcription factor family consists of the FOS, 

Jun and ATF and MAF gene families, which bind as either hetero- or homo-dimers to distal 

genomic enhancer regions to modulate cellular transcriptional reposes to external stimuli.207 AP1-

mediated transcription has been shown to play multiple roles in hematopoietic differentiation.208 

Additionally, single cell ATAC-seq in murine HSCs and MPPs has shown that AP-1 binding motifs 

are enriched in open chromatin clusters associated with HSPC identity,209 further highlighting their 

importance in mediating differentiation. Given the established role of AP-1 in regulating 

hematopoietic differentiation, one hypothesis is that CDK8 loss impairs the ability of these cells 

to initiate the transcriptional programs required for proper differentiation, resulting in the 

accumulation of early HSPCs in the bone marrow. 
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Published studies have demonstrated that aging induces a pro-inflammatory shift in the 

bone marrow microenvironment, characterized by elevated levels of specific cytokines such as 

TNFα, IL-6, MCP-1, and—in the context of SF3B1 mutations—IL-18.8,9 This inflammatory milieu 

is strongly associated with the development of CHIP and its progression to MDS, where somatic 

mutations confer a selective advantage in this hostile environment over non-mutated hematopoietic 

clones. Notably, mutations in DNMT3A and TET2 have been shown to promote inflammatory 

resistance, facilitating clonal expansion under these conditions.210-213 However, the mechanisms 

by which SF3B1 mutations might drive similar clonal dominance remain poorly understood. Given 

CDK8’s established role in mediating inflammatory responses—particularly through the NF-κB 

and STAT signaling pathways134-139,214—and the fact that many of the age-associated cytokines 

signal through these cascades,215-217 it is plausible that CDK8 loss may confer a selective or 

proliferative advantage in SF3B1-mutant cells. While further investigation is needed to delineate 

the specific contribution of CDK8 to inflammatory signaling in this context, a deeper 

understanding of this regulatory axis could shed light on the mechanisms driving SF3B1-mutant 

clonal outgrowth and MDS pathogenesis. 

In addition to alterations in gene expression, loss of CDK8 may, in part, be driving SF3B1-

mutant defects observed in the transcriptional machinery. Published work has shown that SF3B1 

mutations result in global redistribution of RNAPII to gene bodies, hypothesized to occur partially 

resulting from impaired P-TEFb recruitment.75 Multidimensional protein identification technology 

(MudPIT) has shown that CDK9 – the catalytic subunit of P-TEFb, regularly co-purifies with 

CDK8 and biochemical assays indicate that P-TEFb preferentially associates with CKM-

containing Mediator complex, suggesting a direct physical basis for CDK8-mediated recruitment 

of P-TEFb.119 These data lead to the hypothesis that loss of CDK8 may be disrupting the 
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recruitment or function of the P-TEFb complex, contributing to transcriptional defects observed in 

SF3B1-mutant cells. Whether this is a global effect or, more likely, occurring at specific subsets of 

genes is unclear and warrants further investigation. 

Finally, we have discovered that, in addition to CDK8, other transcriptional cofactors and 

members of the CKM undergo alternative or aberrant splicing indicating extensive deregulation of 

the CKM and transcriptional machinery by mutant SF3B1. Our splicing and differential gene 

expression analysis shows that SF3B1 mutations cause exonization of 149 bps of intronic sequence 

between exon 9 and exon 10 of TAF2, a frame shifting event which likely results in TAF2 

degradation by NMD, indicated by a significant reduction in TAF2 transcript level (Figure 2.5.1B, 

Figure 2.6.S1A). TAF2 is the second largest subunit of the TFIID complex, responsible for 

recognition, interaction and stabilization of TFIID on a subset of core promoter elements.218 ChIP-

seq analysis has revealed that in cultured human cell lines, TAF2 binding is enriched at promoters 

for RNA binding and ribosome biogenesis genes and knock down significantly reduces oncogenic 

proliferation of solid tumor cell lines but does not alter global transcription.219 Additionally, TAF2 

has been shown to localize to nuclear speckles, where it associated with RNA binding proteins, 

including members of the U2 snRNP.220 Given these data coupled with other publications 

purporting altered association of U2 snRNP members in SF3B1-mutant cells, further investigation 

of TAF2 mis-splicing may provide another layer of mechanistic insight into SF3B1-mutant mis-

splicing. 

In addition to TAF2, our splicing analysis shows that TAF6L also undergoes SF3B1 mutant-

mediated aberrant splicing. Our prediction indicates that SF3B1 mutations result in loss of 14 base 

pairs of exonic sequence because of A3SS usage. However, when looking at TAF6L IGV tracks, 

this splicing event becomes less well defined. Upon further investigation in the NCBI genome 
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browser, it appears this event might occur in an annotated intron retention (RI) event or is a 

predicted splice variant (Figure 2.6.S6B). Regardless, given the dramatic reduction in mRNA 

abundance, it is likely that this event is disrupting transcript stability. TAF6L is part of the core 

module of the SAGA complex, the structural module responsible for recruitment and assembly of 

other  transcriptional complexes (PIC, TFIID, TBP).110 Additionally, cryo-EM studies have shown 

that, in metazoans, TAF6L’s heat repeats bind U2 snRNP proteins SF3B3 and SF3B5, effectively 

bridging SAGA to RNA processing machinery.221 In the context of the “intron-loop” model of co-

transcriptional splicing, where RNAPII remains stalled at 5ʹ splice sites until catalytic B complex 

formation222, these data indicate that loss of TAF6L might also be contributing to RNAPII 

redistribution in SF3B1-mutant cells and merits further investigation. 

MED13L, an orthologue of MED13, sharing 50% identity, has been shown to structurally 

link CDK8, MED12, and CCNC.102,108 Mis-splicing of MED13L is predicted to result in 36 bps of 

in-frame intronic sequence occurring just before exon 25 in the MED13L transcript resulting in 

alternative isoform production (Figure 2.6.S1E). Structural analysis of MED13L indicate that this 

insertion likely occurs in MED13L’s PIWI domain108 –  a domain generally associated with nucleic 

acid binding. While little is known about MED13L, mis-sense change of function mutations are 

linked to developmental defects in the brain.223 This glaring hole in our understanding of 

MED13L’s function independent of its orthologue presents and exciting avenue of exploration. 

How does mis-splicing alter protein structure and in turn MED13L function. Are there phenotypic 

consequences to blood cells resulting from this aberrant splice variant? While beyond the scope of 

this project, understanding the ramifications of MED13L mis-splicing may provide deeper insight 

into the functional role of MED13L on both a molecular and cellular level. 
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In addition to mis-splicing of MED13L, we have also discovered that MED12 undergoes 

alternative isoform usage in the presence of SF3B1 mutations. Our analysis has shown that, while 

overall expression of MED12 mRNA remains unchanged, that mutant cells significantly 

downregulate an isoform with a longer 5ʹ untranslated region and up regulate an N-terminally 

truncated, but stable (predicted) MED12 isoform (Figure 2.6.S6C). MED12 is the kinase 

activating component of the CKM and has been shown to interact with all other members of the 

CKM.224 In addition to its role in mediating CDK8 kinase activity, MED12 has been shown to act 

independently of the CKM to stabilize p300 binding at HSPC lineage specific enhancers225 and 

mutations have been implicated as both prognostic markers and pathologic drivers of leukemia.226 

Changes in 5ʹ UTR length have a host of regulatory implications which can impact secondary 

structure, translation, and stability of the mRNA.227,228 Given that overall, mRNA levels of MED12 

remain unchanged in SF3B1-mutant cells (Figure 2.6.S6D) and we see no changes in splicing, 

decreased 5ʹ UTR length might be affecting protein translation, whether through alternative start 

codon or translational repression remains unclear. Additionally, both the presence of and increase 

in a N-terminally truncated isoform with coding potential is evocative. Could this be an 

undiscovered microprotein with some regulatory effect on the CKM or Mediator? Or is this a non-

coding RNA with some yet to be described function? Given the important role MED12 plays in 

regulating CDK8 kinase activity and its implication in HSPC homeostasis and disease, an 

understanding of the functional role of alterative MED12 isoform usage begs further investigation. 

Together, our findings uncover a novel and multifaceted role for CDK8 in regulating 

hematopoietic differentiation. The observed expansion of CD71⁺ erythroid-like populations and 

primitive HSPCs upon CDK8 loss, coupled with alterations in key transcriptional regulators, 

suggests that CDK8 is essential for orchestrating the transcriptional programs governing lineage 
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commitment. Furthermore, our data point to widespread disruption of the CKM in SF3B1-mutant 

cells, including aberrant splicing of MED12 and MED13L, which may further destabilize 

transcriptional regulation and contribute to disease pathogenesis. While this work provides 

foundational insight into the interplay between CDK8, transcriptional control, and splicing in 

hematopoiesis, critical questions remain. Elucidating the specific downstream pathways and 

isoform-specific functions will be key to understanding how transcriptional cofactor deregulation 

and SF3B1 mutations converge to drive hematologic malignancy—and may ultimately inform 

targeted therapeutic strategies. 
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