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Correlation between circadian rhythms and hypoxia
inducible factor in the tumor area
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Abstract The circadian clocks are internal adaptive responses which are evolved to adapt to the surrounding environment for
the organisms. They can be affected by the external environments (such as radiation, drugs, etc.) and cause DNA
damages and reset the rhythms. The occurrence and development of tumors can change the microenvironment
of the body. Recently, more and more studies have shown that the progression of tumor diseases is closely related
to the disorder of circadian rhythms. In this review, we analyze the structures, regulations and expressions of
circadian clocks and hypoxia inducible factors to summarize the correlation between them. Besides, we hope it can

offer basic knowledge for further researches, a reference for experimental designs aiming to adjust the progressions
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of neoplastic diseases by modulating the circadian rhythms, and provide a foundation to build interdisciplinary

research networks.
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Figure 1 Transcription-translation feedback loop
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When the body is in the night cycle, under the action of the co-activator CBP/P300, the transcription factor BMAL1 and CLOCK combine

to form dimers and bind to the enhancer E-box, which ultimately promotes the expression of circadian genes, such as PER, CRY, ROR and

REV-ERB. After several hours of accumulations, the expression products of PER, CRY were reversed to inhibit the combination of CLOCK

and BMALI1. Meanwhile, the expression activations of ROR promote the expression of BMALI while the expression activations of REV-

ERB does the opposite.
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Figure 2 Bidirectional Interactions between Circadian Clock and HIF Pathways
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Under hypoxia, in the promoters of hypoxia-induced genes, HIF-1 o heterodimerizes with HIF-1 8 in nucleus and binds to HREs. Upon
recruiting CBP/P300 (co-activator), the HIF-1 o :HIF-1 8 complex drives the transcription of target genes such as glycolysis-related genes,
PERs, CRYs, and DECs. On the other hand, BMAL1 heterodimerizes with CLOCK to form a BMAL1:CLOCK complex which binds at E-box
containing motifs and transactivates the clock-controlled genes such as PERs, CRYs, REV-ERB, and RORs, including HIF-1 o . CBP/P300
acts as an co-activator to induce the activation. There are many interconnected feedback loops between HIF and circadian clock pathways,
which regulate the circadian transcription. The key feedback is a native loop of PER and CRY (transcriptionally activated by HIF and by
BMALI1:CLOCK) that leads to the repression of CLOCK:BMAL1-mediated transcription. The other feedback loop is by ROR, which
activates BMAL1:CLOCK by binding the ROR-elements (RORE). In addition, ROR physically interacts with HIF-1 a, hence inducing
the stabilization and transcriptional activation of HIF-1 o . REV-ERB acts as a repressor for BMALLI transcription by competing at the same
ROR sequence. HIF-1 « -dependent DECs also negatively feedback by suppressing BMAL1: CLOCK transactivation. These interactions and

feedback loops provide strong evidence that HIF plays an important role in modulating the circadian rhythm.
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