I . qan AHMED MOHAMED REFAAT
R Wt O =R ) K4 | MOHAMED MOSTAFA

HNRNPU Facilitates Antibody Class Switch Recombination through C-NHEJ Promotion
A SUE H and R-loop Suppression
(HNRNPU ZE 1%, DNA &1 & R-oop iz /i L C CSR AAitittd %)
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Activated mature B cells undergo various AID-induced genomic alterations, including base changes
through point mutations (SHM) and recombination either in cis (CSR) or trans (IgeH/c-Myd). Although
AID-induced DNA lesions initiate both point mutation and recombination at the JgHlocus, CSR
requires additional steps, such as S-S synapsis and classical non-homologous end joining (C-NHEJ).
Therefore, S-S joining by C-NHEJ-mediated DNA repair can tremendously influence the outcome of
the CSR and associated chromosomal translocations. The RNAs at the DNA break have an impact on
DNA repair either by recruiting RNA binding proteins (RBP) or by functioning as a template for DNA
repair. Recently, AID’s action was found to be regulated by a specific group of HNRNP family of
RNA-binding AID co-factors. Heterogeneous nuclear ribonucleoprotein U (HNRNPU) is the largest
member of HNRNP proteins, it can bind pre-mRNA and ssDNA, and plays a major role in nuclear
matrix/scaffold attachment, telomere-length regulation, and RNA stability control. This study aimed
to investigate the direct role of HNRNPU in CSR DNA repair and regulation of R-loop during
antibody isotype switching. HNRNPU depleted B cells showed defects in C-NHEJ as revealed by the
analysis of S-S junctions. Notably, the CSR junctions arise from shieldin subunit deficient B cells were
relatively comparable in blunt joining and Microhomology usage with that in HNRNPU depleted
cells. In addition, HNRNPU depleted B cells also showed an increase in S region single-strand DNA
(ssDNA) and RPA accumulation, which phenocopies the deficiency of SHLD1 and SHLD2. Chromatin
immunoprecipitation (ChIP) assay confirmed a marked elevation of HNRNPU occupancy at both Su
and Sa upon CIT stimulation, which further confirmed a DNA damage response specific function of
HNRNPU in CSR. HNRNPU interacts with C-NHEJ associated DNA repair factors, including
LINP1 noncoding RNA. Notable HNRNPU interacting partners are KU80, DNA-PKCs, SHLD1,
FEN1, DDX1, DHX9, SFPQ and NONO. Many of these interactions with HNRNPU were highly
sensitive to RNase A treatment and HNRNPU without its RNA binding domain failed to interact
with these partners, suggesting that HNRNPU’s association with the C-NHEJ complex is RNA
dependent. In line with this, deficiency of HNRNPU caused a significant reduction in NHEJ factors
(53BP1 and KU80) occupancy at the recombining S regions. HNRNPU binds G4-RNA and G4-DNA
in the switch GLT and the sense strand ssDNA, respectively. Loss of HNRNPU increases S region
DNA:RNA hybrids (R-loops), contributing to the elevation of DNA end-resection during CSR.
Moreover, the localization/occupancy of HNRNPU, 53BP1 and KUS80 at the S region are sensitive to
chemicals that disrupt liquid-liquid phase separation, suggesting the formation of DNA repair
condensate at the S region during CSR

In summary, this study proposed two-step of HNRNPU functions in CSR. First, AID-induced DSBs
increase HNRNPU occupancy at the S-regions, which serves as a noncoding RNA scaffold and
stabilizes the C-NHEJ complex. Second, interacting with RNA and DNA G-quadruplexes promotes
C-NHEdJ-mediated DNA repair by preventing the expansion of S-region R-loops and excessive DNA
end-resection. Most importantly, in the absence of HNRNPU, the NHEJ complex formation will be
impaired, unprotected ends will go aberrant resection and would be incompatible with C-NHEJ,
which would cause persistent DNA breaks and aberrant DNA repair, leading to genomic instability.
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