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LEDGF/p75-dependent HIV-1 integration targeting into
spliced genes: A role for the DNA damage response
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HIV-1 integration site selection is regulated at the level of transcription, splicing, histone modifications, super enhancer, nuclear architecture, and interactions of viral proteins with
host factors. However, the mechanism of integration is not fully understood. Further, we lack a common understanding how these factors work together. HIV-1 integrase interacts
with LEDGF/p75 and viral capsid interacts with another host factor CPSF6. Both interactions are important for HIV-1 integration in active genes, spliced genes and in gene-dense
regions. LEDGF/p75 also interacts with several splicing factors (SFs) but we have not yet identified any SF with its possible role in HIV-1 integration. Therefore, we don’t understand
how and why splicing plays a role in HIV-1 integration site selection. Here, we show that genes > 10 introns are highly targeted for integration. Further, we identified 15 different
subsets of spliced genes that are less targeted in the absence of LEDGF/p75 or CPSF6 compared to WT cells. SFs that regulate these 15 spliced gene subsets are enriched for
DNA damage response (DDR) proteins, suggesting a potential role of splicing factors in the repair of viral 5" ends during integration. Moreover, we have determined that 160 out of
342 (46.8%) LEDGF/p75-interacting SFs' are involved in DDR, suggesting enrichment of DDR proteins in LEDGF/p75-interacting SFs (P-value 4E-211, hypergeometric distribution,
367 DDR genes in population of 25,000 human genes). Additionally, we showed that alternative polyadenylation (APA) also plays a role in HIV-1 integration. Thus our results
suggest that APA/splicing linked with DDR plays a role in HIV-1 integration. Recent study? showed that genes with more than 1 integration in at least 2 out of 8 datasets are
proximal to a super enhancer (SE). SEs contribute to 3D genome organization that is a driving force of integration in highly targeted genes. Our studies showed that all RefSeq
genes of human hg19 were uniformly distanced from SEs. Genes > 10 introns, genes < 11 introns, intronless genes’ (least targeted) and highly targeted cancer genes’ were at the
similar distance from SE, suggesting that highly targeted and less targeted genes are at similar distances from SEs. To test the role of SFs in integration targeting and 5 end gap
repair, we are knocking out/knocking down selective SFs to quantify® associated defects.

Genes > 10 introns are highly enriched in HIV-1 targeted genes.
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Genes regulated by splicing factors related to DNA damage
response (DDR) pathways are less targeted in the absence of
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Figure 1. RefSeq hg19 genes > 10 introns are enriched for HIV-1 integration. Genes were grouped on basis of 0'10
intron numbers (X axis). The arrowhead is indicating genes with 10 introns. A. The gene frequency of same S Q O Q O N 9 N O DO DO D OO N AN N
introns (%) is plotted on the Y axis. The blue line represents genes that are targeted by random selected < Vggéqgég«&@é‘@’&’@%/«{z\ é’*}@é Q,QQ Vg\@%vcg.éQg\gcg?{\q.@ @&’b
integration site (RIC). HIV-1 targeted genes with same introns are shown as the orange line. B. The Y-axis S © A N
shows ratio of frequency of genes with same number of introns between HIV-1 targeted genes in WT cells and Size (kb) 23911565 93 91141 72 36 51 86 76 13590 95 60 65 S5 53 111 21
a random selected gene population (RIC) (blue line). Orange line shows no enrichment. Intron 18 1412 14 1418 11 10 1114 131615 16 13 13 12 1316 15
Genes(k)1.5 2528 912 6 2 018 14 38 0212 7 13 03 5 1001 13

€ Genes with > 10 introns are highly targeted for HIV-1 integration.
€ Genes < 11 introns are not enriched in HIV-1 targeted population compared to RIC.
€ The ratio of HIV-1 and random targeted genes is > 1 for genes > 10 introns.

Figure 3: HIV-1 integration into different groups of gene made on the basis of splicing
regulation by splicing factors (X-axis). On the Y axis, the average HIV-1 integration/kb for
each group was normalized to RIC in WT HEK293, cell lacking LEDGF/p75 (LKO), cells
lacking CPSF6 (CKO) and cells lacking both LEDGF/p75 and CPSF6 (DKO) cells. The
total number of genes, the avg. intron number and the avg. length for each gene set are in
the box.

»Are HIV-1 targeted genes > 10 introns proximal to super

»Does HIV-1 target genes > 10 introns more than genes < 11 introns?
Genes > 10 introns are highly targeted by HIV-1.
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Figure 2: HIV-1 prefers integration in genes > 10 introns. RefSeq genes were divided into two groups: genes < 11 @ g o o
introns and genes > 10 introns (X axis). A. For gene sets, integrations (%) is shown for HEK293T cells, cells lacking = <~ o ' & ) (ZJ' S~ &o Loy &
LEDGF/p75 (LKO), cells lacking CPSF6 (CKO) and cells lacking both LEDGF/p75 and CPSF6 (DKO). The total 69 g wo ,gc 9 A S o S
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number of genes, the avg. length and the avg. intron for each group are shown in text. Significant P values (Fisher > V.& £ o7 FTsF s 3§ s &
test) are shown as * (WT (black), RIC (green)). B. The normalized ratio of average HIV-1 integration/kb for HIV-1 §' S S S S5 & >
integration and RIC are shown for HEK293T, LKO, CKO and DKO cells (Y-axis). S
&® Genes > 10 (29% of hg19) introns are more targeted than the average genes by HIV-1.
€ Genes < 11 introns (71% of hg19) are targeted by HIV-1 as they are randomly targeted.
Figure 5. A model @ Median 1.1 11 11 11 11 09 14 14
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Praining DNA RNA (Mb)
COr_m_eCt'On between | Figure 4: Distribution of genes with respect to SEs. The distance of genes from
splicing factors, closest SE is shown on the Y axis and the name of gene set is on the X axis. The
alternative number of genes and the median distance for each set of genes are given in the
polyadenylation, DNA table that is below the figure. All sets of genes show significant difference with RIC
damage response (2E-16 Wilcoxon rank sum test).
and HIV-1 integration. Summary .
. 1. Genes > 10 (29 %) introns are more targeted than average by HIV-1.
The red star indicates CA < . - . .
. A 2. Genes < 11 introns (71% ) are randomly targeted by HIV-1 for integration.
the poly(A) sites and . . . .
3. 15 different sets of spliced genes regulated by different SFs are less targeted in
IN, CA, PIC are used ] . .
for intearase. capsid o LKO and CKO cells. The average number of introns is > 10 for these genes.
ntegrase, capsid, 37 & 4. Splicing factors related to DNA damage response (DDR) pathways are enriched in
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respectively —  UGUA SFs. They might play a role in the end repair of integrated HIV-1 DNA.
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1. To determine integration sites in Jurkat cells knocked down or out for specific
SFs.

2. To determine the defect in gap repair® in the absence of SFs to test the role of

DDR in HIV-1 integration in spliced genes.
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