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Abstract: Super enhancer is a large—segment composite enhancer that can promote high—efficiency tran-—
scription. It is composed of multiple typical enhancers, combined with a large number of transcription fac—
tors, mediator complexes and chromatin regulatory factors. If insertions, deletions, translocations, and re—
arrangements occur in the genome of cancer cells, new super enhancers, which are called carcinogenic super
enhancers, may be produced, driving the overexpression of oncogenes. According to reports, oncogenes and
signaling pathways involved in a variety of tumors are strictly regulated by super enhancers, suggesting that
inhibitors against super enhancers may have potential roles in cancer treatment. This article reviews the
structure and identification of super enhancers, the formation of carcinogenic super enhancers and the re—
search progress of related signaling pathways and intervention with small molecule inhibitors. It may provide
new perspectives and new opportunities for understanding tumorigenesis and treatment.
Key words: super enhancer (SE); transcription factor (TF); carcinogenic super enhancer; small molecule in—
hibitor; gene editing
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Fig.1 Structure of super enhancer and phase separation model®"

(A) Enhancers or super enhancers bind to transcriptional regulators, including transcription factors, co—activators, and the RNA
polymerase Il complex. Cohesin binds to enhancers or super enhancers and forms a loop with transcriptional regulators. E: En—
hancer, TF: Transcription factor, Med: Mediator, RNA pol II: RNA polymerase II'; (B) A phase—separation model of super enhan—
cer activation. High—density interactions among transcriptional regulators form phase—separated multimolecular complexes at su—

per enhancer loci, resulting in super enhancer—driven gene transcription.
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Fig.2 Schematic diagram of typical enhancers and super enhancers™

(A) Enhancers are orientation— and position—independent cis—regulatory elements distal to the transcription start site™4. Enhan—
cers that co—localize within the 12.5 kb DNA fragment and their Med1 signal values are greater than threshold are called super
enhancers. Super enhancers are usually an order of magnitude larger than ordinary enhancers, with higher density of transcrip—
tion factors and stronger transcriptional activation capacity. TSS: Transcription start site; (B) Enhancers are ranked according to the

intensity of ChIP-seq signal levels, and thresholds are determined to distinguish typical enhancers from super enhancers.
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Fig.3 Various mechanisms of carcinogenic super enhancer formation®'

(A) Insertion of a small fragment in a noncoding region upstream of the TAL1 oncogene induces a de novo binding site for the
transcription factor MYB, resulting in the formation of a super enhancer that drives TAL1 expression. MYB binds and recruits its
H3K27 acetylase—binding partner CBP, the TAL1 transcription complex containing RUNX1 and GATA3; (B) SNPs in the 15q15.1
risk locus generate a super enhancer of the pro—apoptotic gene BMF and disrupt the binding of transcription factor RELA to the
super enhancer, thereby activating the anti—apoptotic function of BCL2 and promoting tumorigenesis; (C) Activation of oncogenes

occurs through structural variation or altered epigenetic effects.
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Fig.4 Schematic diagram of two methods for targeting super enhancer complexes®!

Small molecular inhibitors and gene editing can target super enhancer associated complexes such as BRD4 and CDK7, thereby

disrupting super enhancer function.
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Table 1 Small molecular inhibitors of carcinogenic super enhancers

Small molecular inhibitor Target Disease Reference
THZ1 CDK7 Osteosarcoma [65]
Thyroid carcinoma [66]
Neuroblastoma [22]
Adult T—cell leukemia [67]
Melanoma [68]
T—cell acute lymphoblastic leukemia [69]
Small cell lung cancer [70]
THZ1 CDK7/12/13 Chordoma [71]
THZ531 CDK12/13 Chordoma [71]
SY1365 CDK7 Ovarian and breast cancer [72]
Cortistatin A CDK8/19 Acute myeloid leukemia [63]
NVP-2/AT7519/dinaciclib/ CDK9 Chordoma [71]
alvocidib
Ribociclib (LEEO11) CDK4/6 Breast cancer, melanoma [73]
Neuroblastoma [73~74]
Malignant rhabdoid tumor [74]
JO1 BRD4 Cancer [75]
Cervical cancer [76]
Merkel cell carcinoma [77]
Multiple myeloma [16]
Prostate and breast cancer [78~79]
Colon cancer [37, 80]
Diffuse large B—cell lymphoma [11, 81]
Hepatocellular carcinoma [82]
Pancreatic cancer [83]
Melanoma [84~85]
Adenoid cystic carcinoma [49]
Blastic plasmacytoid dendritic cell neoplasm [86]
Ovarian cancer [87]
Lymphoma [88]
Acute myeloid leukemia [89]
I-BET151 BRD4 Blastic plasmacytoid dendritic cell neoplasm [86]
Ovarian cancer [87]
I-BET762 BRD2/3/4 Blastic plasmacytoid dendritic cell neoplasm [86]
Acute myeloid leukemia [90]
O0TX015 BRD2/3/4 Leukemia, lymphoma, myeloma [91]
CPI0610 BRD4 Hematological malignancies [92]
Multiple myeloma [93]
T—cell lymphoma [94]

7E: CDK, B #1%& G BB, BRD, £ 23R %& 8

Notes: CDK, cyclin—dependent kinase; BRD, bromodomain protein.
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