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A. [bookmark: _Toc283017170][bookmark: _Toc283017236][bookmark: _Toc283017362][bookmark: _Toc283038945][bookmark: _Toc283039039]Introduction - Project State of the art
1.  HIV transcriptional  control as a key for to the establishment of a viral establishing the viral reservoir 
The introduction advent of antiretroviral therapy (ART) has limited the spread of the hHuman iImmunodeficiency vVirus (HIV) and improved had a profound positive impact on clinical outcomes that are associated with viral infection. Yet, in infected patients. However, a complete cure for HIV infections remains out of reach, as the transcriptionally silent but replication-competent provirus that is integrated into the host genome and persists in a long-lived cellular reservoir, comprised mainly primarily of resting memory resting CD4+ T cells. This reservoir is highly stable and is refractory to antiviral both ART drugs and to the effects of the immune response, therefore thus posing as a major obstacle towards to the eradication of HIV infections1,2. Since As T cell activation or other forms of extracellular stimulation such as T cell activation triggers can trigger latent provirus transcription of such latent proviruses3, one approach strategy that has been proposed to eliminate this HIV for eliminating the HIV reservoir is a “Shock-and-Kill” strategy, which utilizes lLatency-rReversing aAgents (LRAs) to modulate chromatin architecture and activate resting infected T cells , while exposing them to the immune system and to the effects of ART4-6. Alternatively, a second, “Block- and- Lock” approach frees that silences infected individuals from therapy by silencing HIV transcription and inducing induces a deep state of latency has been explored. . However, despite promising outcomes, both strategies have regretfully failed to display achieve significant clinical efficacy, thereby prompting the search for, highlighting the need for alternative therapies for eradicating capable of eliminating this viral the reservoir7-9. 
Successfully eliminating the To successfully eliminate the HIV reservoir necessitates a detailed understanding of , it is critical to understand the molecular events that control its establishment and maintenance. Among the pathways that help to control HIV latency, eEpigenetic constraints and the suppression of proviral gene transcription are important facets of HIV latency programs.. Low levels of basal and elongating transcription factors in the infected T cell, and together with the absence of the viral trans-activator of transcription (-Tat), further ensure that proviral transcription remains below detectable thresholds10,11. Thus, understanding the molecular mechanisms that drive HIV latency and identifying host factors that control this step process are essential12,13. 	Comment by Editor: Perhaps a bit redundant with the first stencens in this paragraph – consider removing the prior setnence?
	Both the integrated provirus and its host undergo similar steps stages of the transcriptional cycle, including of a gene transcription cycle that include initiation, elongation, and termination. In both systems, the key rate-limiting steps include promoter-proximal pausing and the release of RNA Polymerase II (Pol II) for to facilitate productive elongation. These steps are  are key rate limiting steps, which are regulated through an the interplay between pausing-inducing factors, the DRB sensitivity-inducing factor (DSIF) complex, and the negative elongation factor (NELF) complex, , and elongation factors including, pPositive transcription elongation factor b (P-TEFb) and the Super Elongation Complex (SEC). In the case of HIV, Tat orchestrates transcriptional  elongation by recruiting P-TEFb and SEC to the viral promoter14-16. their The synergistic effects of these factors then facilitate elongation, with synergistic effects come into play and lead to an overall elongation of transcription, when Cdk9 phosphorylating es Spt5, NELF, and the carboxy- terminal domain (CTD) of Pol II to enhance pause-release, while the catalytic subunit of SEC, ELL2, prevents Pol II backtracking and increases transcriptional processivity17-19. Nevertheless, dWhileespite substantial many studies have focused studies on metazoan transcriptional control and the contribution of HIV to this field, the mechanisms that promote HIV transcriptional  repression and viral latency are still not completely understood20.
2.  Non-coding RNAs and their roles in the regulation of HIV latency and gene expression 
Despite the accumulated knowledge about regarding the roles that host proteins play in the regulation of HIV transcription and viral latency, our understanding of how the non-coding transcriptome, especially particularly long non-coding RNAs  (lncRNAs), contribute to these steps this process is limited. LncRNAs are transcripts with longer than 200 nucleotides that lack protein protein-coding capacity. There are over 200,000 cell type-specific lncRNAs that have been identified to date21-24, yet,  but the functions of most of these transcripts are poorly their functions are far from being understood25.  Those Many characterized lncRNAs are that were defined are closely associated with various key biological processes including cell cycle regulation, the immune response, and stem cell pluripotency26,27,28. Therefore,  Iit is thus not surprising that lncRNAs transcription is often perturbed in many human disease states, including cancer and neurodegenerative disorders29. In the context of HIV, roles for only few host lncRNAs have been identified documented. These include the and include 7SK lncRNA that forms a multi- protein-RNA complex that sequesters P-TEFb in its inactive form30; NEAT1 [nuclear enriched abundant transcript 1] that supports the formation of nuclear paraspeckles and inhibits HIV production31,32; NRON [non-coding repressor of nuclear factor of activated T cells (NFAT)] that disrupts HIV gene expression through the inhibition of NFAT activity on at the viral promoter33 and the ddegradation of Tat34; HEAL that forms a complex with the RNA-binding protein FUS , and promotes p300-mediated HIV replication through p30035; and MALAT1 [metastasis-associated lung adenocarcinoma transcript 1] that suppresses PRC2, thereby releasing alleviating the epigenetic silencing ofn the HIV promoter36. While these findings establish the potential of host cell lncRNAs to regulate HIV transcription, significant gaps in our knowledge gaps remain with respect to the mechanistic roles that lncRNAs play as modulators of still remain regarding the roles and mechanisms of lncRNAs in modulating HIV latency in the context of CD4 T cell activation.
3.  Preliminary Work
3.1	Identification of the lncRNA Cytor CYTOR as a candidate regulator of lncRNA as a candidate lncRNA regulator of HIV latency
In In preliminary work conducted to support this proposal, we prepartion of this proposal, we monitoredemployed an RNA-Seq approach to monitor T cell activation-associated changes in the transcriptome of Jurkat-derived HIV HIV-infected J-Lat 6.3 cells.  by RNA-Seq in response to T cell activation. This CD4+ T cell line serves as a model for studying studies of HIV latency, as it harbors a silent integrated HIV provirus that encodes for a GFP reporter, which is transcriptionally repressed under basal/unstimulated conditions and reactivated following T cell stimulation37. J-Lat 6.3 cells were stimulated with PMA and /ionomycin (P/I), which potently activate CD4+ T lymphocytes, and were cells were then sorted into populations that expressed active HIV (GFP+; P1), or carried latent provirus (GFP-) (Fig. 1A). RNA from both cell populations was isolated and libraries from each group were generated for next generation sequencing (Fig. 1B). As expected, the T cell stimulation led to  induced a massive pronounced change in cellular gene expression includingthe expression of lncRNAs and other transcripts including mRNAs, miRNAs, snoRNAs, and snRNAs. . Other identified subsets of transcripts included mRNA, miRNA, snoRNA and snRNA. In total, 3490 annotated genes transcripts were identified that were significantly differentially expressed (log2 fold change [FC] > 2, adjusted P < 0.05) when comparing active and latent cells., exhibiting a  significant differential expression that was defined as the log2 of the frequency ratio in active versus latent cells (FC>2), with an adjusted p-value of >0.05. Of these, 2400 genes transcripts corresponded to protein-coding genes, while were coding genes and 843 were lncRNAs, of which, 468 were upregulated (enriched in cells expressing HIV) and 375 were downregulated (enriched in cells carrying latent HIV provirus) upon T cell activation (Fig. 1C). We further monitored the relative expression of the most highly ranked lncRNA candidates in primary CD4+ T cells by qRT-PCRqPCR. For most tested lncRNAs, a strong shift of expression in was confirmed when comparing resting and stimulated cells in these validation experiments. Notably, mRNAsresting versus stimulated conditions was validated. pPreviously reported tomRNAs that affect HIV were identified by using our screening approach, including HSP9038, ESR-1 estrogen receptor39, and IFI1640. Importantly, lncRNAs with reported effects on HIV replication and latency – HEAL35 and NRON34 were also identified through this assay, , demonstrating the potential of the this screening approach (Fig. 1D). Overall, the goal of this proposal is to validate the functional relevance of these lncRNAs s as regulators of HIV infection candidates for HIV infection in resting and activated primary CD4+ T cells that are the physiologic cell targets of HIV and a suitable model for studying HIV latency. 	Comment by Editor: P2? Or no population naming?	Comment by Editor: Does this Figure only show DEGs? I’m not sure this Figure number clearly aligns with this line of text.	Comment by Editor: This is awkwardly phrased, and I’m not sure there is any need to state this here. If you want to stress physiological relevance, consider doing so earlier in the section.
Among the lncRNA candidates with that were most differentially expressed between the highest differential expression in active versus latent HIV HIV-infected J-Lat 6.3 cells, we identified the Cytoskeleton Regulator RNA (CytorCYTOR) - also known as the long intergenic non-coding (linc) RNA 00152. Cytor CYTOR expression was strongly induced in HIV HIV-infected CD4 T cell lines and primary cells upon T cell activation (Fig. 1D), and it was thus considered a candidate regulator of HIV gene transcription and viral latency. Cytor CYTOR is an intergenic 828 nucleotide lncRNAA, located on the (+) strand of chromosome region 2p11.2. It is highly conserved in primates, but less so in other organisms. Cytor CYTOR is mainly expressed in the cytoplasm, but previous reports (including our analysis) show it is also expressed in the nucleus, and it functions as . It known as an oncogene that is up-regulated in multiple human cancers and associated with poor prognosis41. Cytor CYTOR also acts as an endogenous sponge of for several micro-RNAs (miRNAs), acting by binding to these non-coding RNAs and inhibiting their activity to promote in a manner that ultimately promotes malignancy. Interestingly, Cytor CYTOR reportedly regulates was reported to regulate cellular actin dynamics and cytoskeletalon reorganization in fibroblasts42. ; However, roles the functional importance of CYTOR in of Cytor in actin dynamics in CD4+ T cells and in the context of HIV infection have not been studieds. 	Comment by Editor: Citations for these statements?	Comment by Editor: If you’re going to say this, you should likely show a Figure.Figure 1: RNA-Seq identifies multiple identificaiton of ncRNAs that are differentially expressed during latent and active HIV infection.
)A( FACS histogram of stimulated J-Lat 6.3 cells. GFP (+) cells exhibiting HIV reactivation that carry (active HIV (P1 region) were sorted from GFP (-) cells that carryharboring latent HIV.
)B (Heatmap of differential transcript expression pattern expressions in expression pattern from RNA-Seq analysis performed on 3 replicate samples s of activated or latent J-Lat 6.3 cells. 
(C) Pie Numbers of diagrams showing the number of differentially expressed mRNAs and lncRNAs up- and downregulated in , which werecells exhibiting HIV reactivation. up and down regulated. 
)D) Measuring RNA levels of top lncRNA candidates in primary CD4+ T cells that were untreated (-), or stimulated with PMA/ionomycin – P/I (+) by RT-qPCRqPCR. Data were normalized to GAPDH. Values Data are means ±+/- SD forof cells from 2 donors.


As our screening approach identified lncRNAs that were differentially expressed following cell the activation of HIV-infected Jurkat T cells, we next conducted gain- stimulation of Jurkat T cell lines that are infected with HIV, we set forward and performed gain - and loss-of-function studies in these cells in order to test whether Cytor CYTOR plays a role in the regulation of HIV gene expression regulation. To CYTOR was overexpressed by transducing cells with a lentivirus encoding obtain Cytor over-expression, cells were transduced with lentivirus that drives the expression of exons 1, 4, and 5 of Cytorthis lncRNA, which are the most abundantly expressed in humans. Following antibiotic selection, qPCR analyses of resistant J-Lat 6.3 T cells were subjected to RT-qPCR and confirmed a 6-fold increase in Cytor CYTOR expression relative to control cells that expressed empty vector (Fig. 2A; blue bar). Reducing Cytor CYTOR RNA knockdown expression was achieved by transducing J-Lat 6.3 cells with a lentivirus lentivirus encoding a CYTOR-specific small hairpin RNA (shRNA), resulting in an 80% drop in CYTOR expression as measured by qRT_PCR relative to levels in control cells expressing a scrambledthat drives the expression of a Cytor-specific shRNA. RT-qPCR confirmed 80% reduction of Cytor expression relative to control cells that expressed a scramble control oligonucleotide (Fig. 2A; green bar). Parallel FACS-based analysesis of GFP expression in these J-Lat 6.3 infected cells as a measure of HIV transcription, revealed that in the absence of T cell activation, a 4-fold increase in GFP expression in was evident in CYTOR overexpressing cells relative toCytor over-expressing cells over the control cells (Fig. 2B; blue bar). Additionally, a 4-fold decrease in HIV-GFP expression was documented observed in unstimulated CytorCYTOR-knockdown (KD) KD  unstimulated cells, relative to control cells that express scramble control shRNA (Fig. 2B; green bar). Similar effects of Cytor CYTOR over-expression (2-fold change over control)x2 old over control cells) and depletion (x5 5-fold change over control)fold over control) were observed in based on HIV-GFP expression following the aactivation of J-Lat 6.3 cells (Fig. 2C). Transduction with a control scramble shRNA had no effects on transduction efficiencies or HIV-GFP expression. These results also supported  Such experimental design also implied efficient transduction rates in our cells. When re-establishment of latency post activation was monitored over time based on gradual reductions in  (measured by the gradual reduction of HIV-GFP expression), reduced Cytor CYTOR levels were associated with faster the more rapid establishment of latency establishment, while Cytor CYTOR over-expressing cells retained their GFP expression for an extended time framesd period of time (Fig. 2D). These results suggest that in J-Lat 6.3 T cells, Cytor CYTOR expression activates HIV gene expression and can significantly impact latency establishment and reversal.	Comment by Editor: This is confusing to me – do you mean you are forcibly expressing one CYTOR splice variant? Is this the same variant you saw upregulated in the context of HIV? What about the relevance of other splice variants?
[image: ]Figure 2: Modulation of CytorCYTOR expression and effects on HIV gene expression.
(A) RT-qPCqPCR analyses of R measuring CytorCYTOR RNA levels in J-Lat 6.3 T cells where CytorCYTOR is depleted (KD; green bar), or over- expressed (blue bar). RNA levels were normalized to GAPDH and presented relative to control cells (- set to 1).  n=3; mean± SD; ** P ≤ 0.05. 
(B) FACS analysis showing the percentage of HIV-GFP+ expression in unstimulated J-Lat 6.3 T cells that either over-express CytorCYTOR (blue bar), or where CytorCYTOR expression is KD (green bar). Data is are shown as fold of change in GFP expression relative to control cells that express empty vector or scramble shRNA. n=2; mean± SD; ** P ≤ 0.05
(C) FACS analysis of HIV-GFP expression in P/I stimulated J-Lat 6.3 cells , expressing a control oligonucleotide or in which , or cells where CytorCYTOR wasis either over-expressed (blue), or knocked down KD (green). Shown isData are mean mean percentages ± SD of GFP+ cells. n=3; ** P≤0.05. 
(D) Kinetics of latency re-establishment in control J-Lat 6.3 cells (blue), CytorCYTOR KD cells (green) or cells overexpressing that over express CytorCYTOR (red). Cells were reactivated and sorted to obtain achieve 100% GFP (+) purity. n=3; mean± SD. 
To further elucidate the mechanisms by which CytorCYTOR affects HIV gene expression, we monitored CytorCYTOR occupancy on the HIV promoter by using aemploying Chromatin Isolation by RNA Purification (ChIRP) approach, followed by qPCR analyses of the , followed by qPCR on the chromatin fraction of J-Lat 6.3 HIVV- infected T cell lines using primers that amplify the viral promoter. We used an anti-sense (AS) DNA oligo that targeted targeting endogenous CytorCYTOR and showed thereby found that CytorCYTOR specifically occupies the HIV promoter even , already in unstimulated conditionscells. This association is was further increased enhanced following T cell cells activation (Fig. 3A)43. A control lacZ anti-sense oligo verified the specificity of our this assay. Moreover, no CYTOR occupancy of Cytor was observed in at a control cellular gene locus. In line with these results, we also employed chromatin immunoprecipitation (ChIP)-qPCR ChIP- qPCR to monitor levels of phosphorylated Ser2 (Ser2P) and Ser5 (Ser5P) of the RNA Pol II-C-terminal domain (CTD)CTD on the HIV promoter f, following the manipulation of CytorCYTOR expression. On the CTD, This CTD Ser2 phosphorylation is P is catalyzed by Cdk9/P-TEFb and marks serves as a marker for Pol II pause-release and elongation44-46, while Ser5P marks the initiation of transcription and is primarily catalyzed by Cdk7/TFIIH. According to our analysis, KD of CytorCYTOR KD led to a decrease in Ser2P levels on the viral promoter, without affecting Ser5P (Fig. 3B). Moreover, reducing CytorCYTOR expression lowered the levels of H3K4me3 and H3k27Ac, which are respective promoter and enhancer histone markers associated with active genes - H3K4me3 and H3k27Ac (promoter and enhancer markers, respectively) (Fig. 3C). in both experiments a control locus.   	Comment by Editor: Is a single control locus sufficient for this type of experiment?	Comment by Editor: Leftover placeholder text.
3.2  Association Associations between CYTOR and the transcriptionalof Cytor with the cell transcription elongation complex 
- Tto identify novel  CytorCYTOR- protein interactorsinteractions, we performed RNA pull-downs followed by Massmass spectrometry (MS) analyses to detect these interacting proteins. -Spec analysis for identifying protein partners of Cytor.Briefly, J-Lat 6.3 cell lysates were  was incubated with an anti-sense biotinylated CytorCYTOR probe, followed by streptavidin-mediated immunoprecipitation (IP) and proteins that associate with Cytor were IPed with streptavidin. A bBiotinylated-scramble probe served as control, as well as and a  7SK probe that confirmed association with P-TEFb association. Our Subsequent MS analysis identified numerous many protein candidates that potentially interact with CytorCYTOR. The top list included,  These included the Cyclin T1 subunit of P-TEFb and the SEC component AFF4 of SEC. Since As these results were consistent with a scenario in which a physical association between CytorCYTOR and P-TEFb drives HIV gene expression, we confirmed our MS data these results via RNA IP (RIP)  by employing RNA-immunoprecipitation (RIP) using a biotinylated CytorCYTOR probe. The results imply suggested that CytorCYTOR associates with P-TEFb (Fig. 3D), via an unknown  mechanism that remains to be determined. 7SK probes served  was used as a positive control for association with P-TEFb.	Comment by Editor: I’m not sure I understand what this control was for.
[image: ]Figure 3: CytorCYTOR occupies the HIV promoter, modifies histone markers an and Pol II occupancy, and associates with P-TEFb.
(A) ChiRP-qPCR on analysis of chromatin crosslinked fractions from J-Lat 6.3 cells. CytorCYTOR or a control lacZ anti-sense biotinylated oligos were incubated with ChiP material from unstimulated or PI/I stimulated cells. Following washing and elution, beads-associated DNA was subjected to qPCR with primers reside specific foron the HIV promoter (n=4; mean± SD; ** P≤0.05 calculated between the two probes and between unstimulated and stimulated states). Control The GAPDH promoter served as a control locus presents the GAPDH promoter..	Comment by Editor: ChiP or ChiRP?
(B, +C) ChIP-qPCR in analyses of control or CytorCYTOR knockdown (KD) J-Lat 6.3 cells were used to analyze , monitoring Pol-Ser2P or Ser5P on the HIV promoter (B), ; or the histone H3K4me3 and H3K27Ac histone marks (C). Non-sspecific IgG used served as a control. Primers reside specific for on the HIV promoter were used for qPCR. Percentage of input mean data aren means ± SD,  of n=3; ** P ≤ 0.05 calculated between scramble and KD, Ser5P and Ser2P, or H3K4me3 and H3K27Ac. 	Comment by Editor: Spell these the same way in the Figure legend.
(D) RNA Pull-downimmunoprecipitation (IP) followed by Wwestern blotting. Lysates from J-Lat 6.3 cells was incubated with an in-vitro transcribed biotinylated CytorCYTOR probe, and reactions were pulled-down with streptavidin beads. Eluted RNP complexes were subjected to SDS-PAGE and Wwestern blotting with indicated antibodies. Control Nonspecific IgG served as control. Biotinylated scramble RNA was used as a control for the RNA-IP. Input is 5% of the total cell lysate47.
3.3	Indirect The indirect effects of CytorCYTOR on changes in actin dynamics induced by CD4+  T cell activation
While above the above results suggestobservation imply that CytorCYTOR directly associates with P-TEFb to activate gene transcription, it may also exert its effects indirectly by controlling the expression of its downstream targets. Since It has it was previously been shown that CytorCYTOR regulates cellular actin dynamics and cytoskeleton cytoskeletal reorganization in fibroblasts42, but not no similar analyses have been performed in CD4+ T cells. Thus, we , we initially aimed sought to define explore whether CYTOR plays a role in CD4+ T cell activation and HIV gene expression through the modulation of a role for Cytor in activation of CD4 T cell lines and subsequently in HIV gene expression via modulating cellular actin dynamics. Indeed, T T cell activation results inis coupled with the rapid polymerization of cytoplasmic actin into filaments underneath just beneath the plasma membrane and in a process that facilitates signaling that ultimately leads to the activation of this process contributes to the signaling cascades that lead to activation of transcription factors like including NF-kB and NF-AT that enhance HIV transcription48. Towards For this aim, we established a close collaboration this, we set a close collaboration with Oliver Fackler,  who is a leading expert in the field of HIV infection and actin remodeling following T cell activation (Heidelberg; Germany; letter issee attached letter). Employing established protocols in the Fackler lab, we visualized actin remodeling events upon following the modulation of CytorCYTOR expression49,50. Jurkat CD4+ T cells were incubated on T cell stimulatory surfaces coated with anti-CD3/CD28 antibodies, fixed, and monitored evaluated for cell spreading and F-actin actin-rich rings formation at cells’ the cellular periphery by phalloidin staining. Depletion CYTOR knockdownof Cytor expression by lentiviral shRNA reduced the number of cells that responded to T cell activation with proper appropriate spreading and F-actin polymerization (Fig. 4A-D). A detailed analysis of the various morphotypes revealed that reduced CytorCYTOR levels were in particular associated with less frequent coordinated actin polymerization, while the frequency of cells that failed to spread despite efficient actin polymerization was unaffected (Fig. 4E). These results raise suggest the possibility that the effects of CytorCYTOR on HIV transcription are linked to its effects on cellular actin dynamics. 
[image: ]
[image: ]Consistently[image: ]We further conducted an RNA-Seq analysis comparing , we performed RNA-Seq analysis from CytorCYTOR KD and versus control J-Lat 6.3 cells. This analysis experiment revealed an that differentially expressed genes were enriched in Gene Ontology (GO) terms associated with enrichment of deregulated genes involved in actin polymerization, cell adhesion,  and T cell activation, and transcriptional control (Fig. 5). While these results remain to be validated in primary T cells,. B based on these preliminary data , we hypothesize that the effects of CytorCYTOR on T cell actin dynamics could may be mediated by the deregulation of CytorCYTOR target genes. Future studies will validate the RNA-seq analysis in primary CD4 T cells (Fig. 5). Figure 5: Identification of CytorCYTOR target genes by RNA-Seq. 
(A) MA plot of the expression pattern from RNA-Seq analysis of CytorCYTOR KD versus control J-Lat 6.3 cells. Red and blue dots present significantly and insignificantly expressed genes, respectively. 
(B) Gene Ontology for enrichment of CytorCYTOR gene targets (DAVID). 
(C) Pie chart of RNA-Seq showing up and down regulated genes upon CytorCYTOR depletion.
Figure 4: CytorCYTOR is required for TCR-induced actin remodeling. 
(A) Experimental flow for CytorCYTOR KD in Jurkat cells. 
(B) Representative images of F-actin organization of for control and CytorCYTOR KD Jurkat cells after contact with anti-CD3/28 coated surfaces. 
(C) Relative CytorCYTOR mRNA levels in CytorCYTOR KD Jurkat cells relative to control cells. 
(D) Amounts of CytorCYTOR KD cells with proper cell spreading and circumferential F-actin relative to control cells (mean± SD, 100 cells per experiment/condition, n=3). 
(E) Representative images of morphotypes observed for Jurkat cells after anti-CD3/28 surface stimulation. 
(F) Quantification of the morphotypes shown in E (mean± SD, 100 cells per experiment/condition, n=3).
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(D) Amounts of CytorCYTOR KD cells with proper cell spreading and circumferential F-actin relative to control cells (mean± SD, 100 cells per experiment/condition, n=3). 
(E) Representative images of morphotypes observed for Jurkat cells after anti-CD3/28 surface stimulation. 
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3.4	A toolbox for studying the role of CytorCYTOR in as a regulator of HIV latency in resting primary CD4+T primary cells
[bookmark: _Toc286761896][bookmark: _Toc286908237][bookmark: _Toc294157993]A bottleneck for mechanistic studies on the role of CytorCYTOR in HIV gene expression and latency is the ability to manipulate its expression in appropriate cellular latency models , without simultaneously affecting latency status in these cells. affecting the state of latency by this procedure. IIn cell lines such as HIV HIV-infected J-Lat 6.3 cells, we have already established efficient overexpression and knock-down of CytorCYTOR (Fig. 2). While these approaches will continue to be helpful, in are valuable, particularly particular for proof-of-principle and biochemical analysessis, the activation state of these immortalized and thus dividing cell lines does not mirror that of physiologically relevant primary resting CD4+ T cells that constitute the latent HIV latent reservoir. However, resting CD4+ T cells are extremely refractory to genetic manipulation as well as to and HIV infection51 - a block barrier that so far could has only been overcome by manipulating activated CD4+ T cells and waiting until their they return to a resting state post following stimulus removal. We thus adopted in the lab the gold- standard primary CD4+ T cell model used to study HIV latency in which , where activated primary CD4+ T primary cells are infected and cultured without stimulation until latency is established, and then reactivated to score for latency reversal52,53. Since such As these post-activation CD4+ T cells are not truly true resting cells, and this procedure likely impacts HIV gene expression and latency reversal, we have implemented experimental protocols from our collaborators in Germany that permit genetic , where gene manipulation is achieved in resting primary cells cells (Fig. 6A)54. With this approach, an the efficient 98% CRISPR-mediated gene knockout of one or more genes is can be achieved obtained in bulk populations of truly resting primary CD4+ T cells for individual but also multiple genes (Fig. 6B). Since As this procedure does not cause any T cell activation, it should be amenable to study effects of CytorCYTOR on T cell activation and establishment and reversal of HIV latency in truly resting primary CD4+ T cells54 (see SA1 below) .	Comment by Editor: This is confusing – above you state that this is impossible. I think some rephrasing to better clarify is warranted.
[image: ]Figure 6: CRISPR-mediated gene editing in resting primary CD4+ primary T cells. 
(A). Schematic depiction of nucleofection-based CRISPR gene editing in primary human resting CD4+ T cells54. 
(B) FACS-based evaluation of CD46 KO efficiency in cells from 3 different donors. Obtained from Albanese et al., 202154.







B. Working hypothesis, research objectives hypothesis, and expected significance  
The therapeutic reversal of HIV latency and elimination of the latent reservoir is represents the most promising means of curing HIV-infected individuals.the final frontier towards a cure of HIV infection. However, current strategies to aimed at eradicatinge the latent reservoir unfortunately have failed fail in clinical settings. This s, and the inability to design effective therapeutic options that control HIV expression partly reflects gaps in our understanding of how HIV gene expression and viral latency are regulated. The kMany detailed studies have provided insight regarding nowledge on how Pol II, the host transcriptional machinery, and epigenetic modifications regulate steps of HIV gene expression. However,  is as advanced as that for cellular genes. Still, the emerging role of lncRNAs as regulators of cellular gene expression has not yet been carefully studied in the context of T cell activation and HIV gene expression, and this may represent a key gap in may be the key gap for knowledge limiting the establishment of a comprehensive understanding of the steps that responsible for the establishment of viral latency. Our preliminary results suggest that CytorCYTOR is a novel activator of HIV gene expression that associates with P-TEFb , and suppresses the establishment of latency establishment. Along CYTOR was able to both directly influence with potential direct effects on HIV gene transcription and to indirectly regulate , we have also observed indirect effects, where Cytor depletion results in disruption of actin polymerization in CD4+ T cells lines, and hasin addition to having broad effects on the expression of downstream cellular genes (Fig. 4-5). Building on these findings, we hypothesize that CytorCYTOR activates HIV gene expression by directly recruiting P-TEFb and the host transcriptional elongation machinery to the HIV promoter. We further posit that; simultaniously, CytorCYTOR can impose indirect effects on indirectly regulate T cell activation and actin remodeling, thereby enhancing HIV transcription and modulating viral latency. To We propose the following specific aims to test these hypotheses:address this hypotheis the following specific aims will be persued:	Comment by Editor: Do your results suggest this, or just that it prevents the persistence of latency in already infected cells?
Specific Aim (SA) 1 (SA1) - Determine the physiological relevance functions of CytorCYTOR functions in primary CD4+ T cells and its effects on HIV latency. Our preliminary observations data are based on studies performed using an immortalized HIV-infected relied on studies with a CD4+ T cell line. , which is infected with HIV. These cells are dividing cells, and thus do not reflect the true activation state of the physiologic cellular targets of HIV - resting CD4+ primary T cells. In SA1, we will  will therefore transfer extend our findings to primary CD4+ primary cells, as they are gold-standard targets for studies of  that are the golden standard cell model for studying HIV infection and the control of gene expression and latency. To place our study in a clinically relevant context, we will confirm the effects of CytorCYTOR on HIV gene expression and latency, and in particular, will employ our above-described toolbox to assessfor assessing the physiological relevance of CytorCYTOR in resting primary CD4+ primary T cells, which primarily constitute the HIV latent reservoir. By establishing protocols for CytorCYTOR gene manipulation in these resting cells, primary resting CD4 T cells, we expect to achieve gain comprehensive insight intoa comprehensive understanding of the role of CytorCYTOR in these cells and such that we can evaluate its clinical significance in the establishment and reversal of HIV latency.  	Comment by Editor: This is fairly redundant with the preliminary datasection above.
[bookmark: _Hlk114665097]Specific Aim (SA) 2 (SA2) - Study the direct molecular mechanisms by which CytorCYTOR activates HIV gene expression. While weFor this Aim, we will continue to rely on HIV-infected T cell-line models for our proposed experimental design owing to their amenability to genetic manipulation and transduction. In , mainly due to their accesability for gene manipulation steps and efficient transduction, SA2, we  will confirm the interactions between endogenous P-TEFb and CytorCYTOR in primary CD4+ T cells. Under basal/unstimulated and stimulated conditions of these cells, we will address whether CytorCYTOR is recruited to the HIV promoter and whether it aactivates HIV transcription via associatingon with P-TEFb. CytorCYTOR association interactions with P-TEFb will be also determined analyzed globally to better understand whether CYTOR plays a general role in the control of , granting a general role for Cytor in the control gene expression via by recruiting P-TEFb to promoter regions. recruitment of P-TEFb to promoters. Direct interactions between CytorCYTOR and Cyclin T1/P-TEFb will be also explored. Finally, the interplay of between CytorCYTOR with HIV-Tat, TAR RNA, and the 7SK lncRNA will be investigated for a role in controlling  to more fully understand the regulation P-TEFb activity and HIV gene expression. By doing so,Through these experiments, we expect to elucidate the mechanisms that by which CytorCYTOR to control  controls HIV gene expression and latency in primary CD4+ T cells. 	Comment by Editor: Has this been defined?
[bookmark: _Hlk114665062]Specific Aim (SA) 3 (SA3) - Explore indirect effects of CytorCYTOR on T cell activation, actin remodeling, and the expression of HIV or cellular gene sexpression. We will rely on RNA-seq and ChIRP-seq analyses to identify CYTOR target genes of Cytor in primary CD4+ T cells. The iInvolvement of these target genes in mediating the CYTOR-mediated regulation of T cell activation, actin remodeling, and HIV gene expression control in the context of Cytor will be investigated by through gain- and loss-of-function assays functional gain and loss assays in T cell lines and primary CD4+ cells. Mechanistic insights from this SA will set provide a foundation for studies in which the functions of CYTOR can be manipulated in ground for experimental conditions in which Cytor functions will be modulated in primary CD4+ T cells for to study whether its studying if its indirect effects on HIV transcription and latency are mechanistically linked to T cell activation and actin remodeling. Based on the above SAese Aims, we would like to propose athe following model for of the functions of CytorCYTOR function in T cells (Fig. 7).:
[image: ]Figure 7: Working model for CytorCYTOR functions. 
Following T cell activation, levels of CytorCYTOR are elevated both in the cytoplasm and the nucleus. CytorCYTOR is recruited to the HIV promoter by directly binding to P-TEFb (or another factor), leading to an the overall activation of viral gene expression. Other cellular-CytorCYTOR target genes include actin remodeling genes that further promote indirect actin polymerization and the activation of transcription. Nuclear actin also interacts with Pol II and the elongation complex, promoting gene expression.
C. Expected Significance and Innovation  
Our proposed studies include innovative approaches sal presents important innovations into the that will advance the current understanding of the regulation of HIV transcription, latency, T cell activation, and actin remodeling. It When completed, these studies will significantly expand further expands our understanding knowledge of the functions of lncRNAs in as regulators of these clinically relevant processes, providing new tools to manipulate the HIV infection status of target cell populations. Key innovative aspects of this proposal include the following research areas:fine-tuning these proceses towards an overall regulation of HIV infection in thier target cells. 
1. lncRNA-mediated regulation of HIV transcription and latency regulation by lncRNA -– The functions of ncRNAs, and particularly lncRNAs, in the control of HIV infections are an area of actively evolving research interest, providing exciting opportunities to understand how these lncRNAs govern the ewe will address a still evolving field that studies the role of the host non-coding genome, particularly lncRNAs, in controlling HIV infection, as well as the establishment and meaintencne maintenance of the viral latent reservoir. Our work has Our preliminary work identified several lncRNAs differentially expressed in HIV-infected T cells following T cell activation that may represent identifiedc lncRNAs that are up/down-regulated in HIV-infected T cells lines following T cell activation. These are potentially candidates for to control HIV infection. Our controlling HIV infection. One top candidate, CytorCYTOR, activates HIV transcription by associating with the host transcriptional  elongation machinery. We Here, we will further will study CytorCYTOR functions and its effects on HIV transcription and latency, thereby identifying clarifying the importance of this a new regulator of HIV infection and gene expression. 
2. The rRole of lncRNAs in T cell activation, actin remodeling,  and the control of gene expression -  Oour data indicate suggest that CytorCYTOR affects HIV and global gene expression in CD4+ T cells, and that these effects are linked to cellular actin dynamycs dynamics and T cell activation. We will provide conduct a comprehensive exploration of the a comprehensive understanding of the role of CytorCYTOR in these processes, providing new insights in into the principles of T cell activation and global gene transcriptional control. We will identify downstream genice targets of CytorCYTOR, addressing their indirect effects on T cell activation, actin remodeling,  and the control of HIV infection. These findings will broaden our the knowledge on regarding the interplay between lncRNAs and the T cell response to HIV infection, thus  and identifying new regulators of HIV infection. As other lncRNAs were identified in our screen, these will be the focus of future studies with aimed at more broadly expanding our understanding of how lncRNAs an impact on the general understanding how lncRNA regulate gene expression. 
3. Clinical implications for treating the latent HIV reservoir - Iidentified lncRNAs and their protein partners may represent targets for amenable to therapeutic interventions to aimed at treating HIV patients and eliminating cells that serve as a viral reservoir. combat HIV and its reservoir. Although the reversal of HIV latency is a promising approach for curing HIV infection, current no such strategies have have achieved clinical success to date, reflecting clinically failed. These obstacles reflect gaps in the our knowledge on regarding how HIV latency is established and maintained. We envision believe that the therapeutics manipulation of CytorCYTOR expression may be incorporated into both “Block- and- Lock” or and "Shock- and- Kill" strategies. Integrating these approaches with cutting-edge RNA-targeting tools that will target Cytor shouldwill provide a foundation for  open new opportunities to developfor developing RNA-based therapeutics to eliminate capable of eradicating HIV.	Comment by Editor: This is quite repetitive of prior text.
D.     Work Program including detailed research description	Comment by Editor: Is this the requried title? IF not, I would change it to something like “Research Approach”
Specific Aim 1 - Determine the physiological functions of CYTOR in primary CD4+ T cells and its effects on HIV latency Determine the physiological relevance of Cytor functions in primary CD4 T cells and its effects on HIV latency
Oour preliminary observations link reveal a link between CytorCYTOR to and T cell activation, actin remodeling, and the control of HIV gene expression. Specifically: ; 1) CytorCYTOR activates HIV transcription, while its depletion suppresses reactivation of latent HIV (Fig. 2); 2) CytorCYTOR associates with P-TEFb in cells and occupies the HIV promoter (Fig. 3); 3) the knockdown of CytorCYTOR reduces Ser2 Pol II-CTD enrichment on the HIV promoter and decreases levels of the activation activating H3K4me3 and H3K27Ac histone marks H3K4me3 and H3K27Ac (Fig. 3); and 4) depletion of CytorCYTOR expression knockdown reduces the number of cells that responded to T cell activation with proper spreading and F-actin polymerization (Fig. 4). These findings were obtained in cell line model systems due to their accessibility amenability to efficient experimental manipulation. However, J-Lat 6.3 cells are immortalized -dividing cells that , which are not suitable for studying latent HIV that resides mainly in resting primary CD4+ T primary cells. SA1 In this Aim, we thus intend to translate our findings regarding the aims to transfer our findings on the functions of CytorCYTOR into resting primary CD4+ primary T cells to better model the latent HIV reservoir. , specifically resting CD4 primary cells, which constitute the HIV latent reservoir. We will therefore assess which aspects of the observed CytorCYTOR-mediated effects on gene expression control, T cell activation, and actin dynamics are exerted recapitulated in these physiologically relevant cells. All experiments will be conducted with cells from at least four donors to account for to better control for donor-donor variability. 
[image: ]1a. Role Analyze the role of CytorCYTOR in primary CD4+ T cells -  as In a preliminary experiment, we depleted CytorCYTOR expression in stimulated primary CD4+ T primary cells, using a lentivirus encoding athat express CytorCYTOR-specific shRNA. We achieved an 80% decrease in CytorCYTOR levels relative to control scramble shRNA expressing cells (Fig. 8A). We then transduced KD and control primary CD4+  cells with HIVGKO, which codes for a codon-switched eGFP under the control of the HIV-1 LTR promoter and mKO2 under the control of the constitutive EF1a promoter EF1a (a gift from the lab of Eric Verdin lab)55. HIVGKO allows to for the straightforward FACS-based monitoring of the easily follow by FACS the effects of CytorCYTOR on latency establishment and reversal in primary CD4+ T cells while also permitting analyses of, as well as to measur e transduction efficiency. Our results showWe found that the that depletion of CytorCYTOR in stimulated HIV-infected primary CD4+ cells resulted in , leads to a decrease in HIV gene expression while having , with almost no effect on the mKO2 reporter expression (Fig. 8B). For experiments described below, we For this Aim, we will explore the direct and indirect effects of CytorCYTOR on HIV gene expression and viral latency and how this is they are linked to T cell activation and actin remodeling in primary CD4+  T cells. 	Comment by Editor: P/I? Anti-CD3/28?
Figure 8: Cytror CYTOR manipulation of expression in activated CD4 T cells 
(A) KD of CytorCYTOR in primary CD4 stimulated cells.	Comment by Editor: Figure is not fully labeled.
(B) Effects of CytorCYTOR KD in stimulated CD4 primary cells infected with HIVGKO.


1b.   Characterizing Characterize the role functions of CytorCYTOR in establishing the establishment of HIV latency in primary CD4+ T cells - Wwe will manipulate CytorCYTOR expression in primary resting T cells that are infected with HIV using either CRISPR-nucleofection or shRNA-based approaches or shRNA (Figs. 6, &8). Unlike immortalized CD4+ T cell lines for which stable clones carrying latent HIV provirus are available, latently infected primary cells need to be generated de novo. Since HIV-1 does not productively infect resting cells, this requires first activation of theactivating these cells that followed by the will be infected and return to a post-activation resting state of latency after following the removal of the T cell stimulus. Cells The activation of these cells, in addition to rendering themthat will be initially activated to render them permissive for to HIV infection, will become also make them susceptible to shRNA-lentiviral transduction for to facilitate CytorCYTOR depletion. However, the usefulness of this approach is limited by the gradual decrease decline in shRNA expression as cells return to a quiescent stateof the shRNA expression in the course of the cells return to a resting state. Therefore, we will alternatively apply employ athe nucleofection-based CRISPR -approach in resting primary cells (Fig. 6) to first generate CytorCYTOR-KO cells that then will be activated and infected with HIV to study the establishment of latency. We will carefully distinguish evaluate which of these two approaches can be most effectively combined with which of the two approaches, shRNA or CRISPR, will be best combined with HIV infection to achieve a robust reduction of in CytorCYTOR levels. Primary cells will be transduced with the HIVGKO55. Once After efficient CytorCYTOR expression control will has been be achieved, we will conduct a detailed kinetic analysis of viral reporter expression, HIVGKO,  and integration (Alu PCR). This analysis will allow us to monitor HIV infection and the role of CYTOR in the establishment of latency in the context of Cytor. Importantly, our results will be also correlated to the characterization of T cell activation, actin rearrangement, Pol II/P-TEFb promoter occupancy and epigenetic marking in analogy to the cell-line line-based studies.	Comment by Editor: More explanation of this is likely needed.	Comment by Editor: I don’t really understand what you mean by this – further clarification is warranted.
1c. 	Effect Evaluate the effects of CytorCYTOR on HIV latency reversal - Toto quantitatively assess the role of CytorCYTOR in HIV latency reversal, post-activation resting CD4+ T cells will be reactivated following FACS sorting to remove those cells already expressing GFP prior to . Reactivation of latently infected cells will be preceded by FACS sorting, to remove cell expressing GFP prior to reactivation. The rRe-emergence of GFP expression in response to LRAs will be studied to provide an assessment of the role of CytorCYTOR in HIV latency reversal. We expect that it will be challenging to obtain sufficient numbers of reactivated cells  numbers at the end of the iinfection/KO and latency establishment/reversal procedures. Moreover, tIn addition, thishis approach will provide information on regarding the reversal of latency in cells that had been fully activated only a few days before and that may thus have not fully reached a , and thus could have not reached a fully resting state. To study a more physiologically relevant scenario and to place our study in a clinically relevant context, we will test whetherif by expressing CytorCYTOR expression can , we will be able to enhance or even substitute  replace current reactivation protocols for therapeutic latency reversal in CD4+ T cells isolated from HIV patients under undergoing treatment therapy (obtained from a Soroka Center patient cohort). Although the frequency of patient-derived peripheral CD4+ T cells that carry HIV proviral DNA is low (below < 1%), efficient latency reversal can be readily achieved54. Considering Given the high efficacy of our nucleofection-based approach in resting CD4 T cells54, we expect to test the effects of CytorCYTOR KD KD on HIV gene expression in HIV patient cells. Our preliminary results in cell lines show that the depletion of CytorCYTOR suppresses latent HIV latent reactivation (Fig. 2D). We will therefore attempt to KD knockdown CytorCYTOR in primary CD4+ T cells isolated from HIV patients undergoing therapy, and to assess the amount levels of spontaneous , or LRA-induced reactivation. Included Tested LRAs will include be the PKC agonists , byrostatin 1 and prostratin , or hHistone deacerylation deacetylation inhibitors6,56,57. Levels of CytorCYTOR expression will be determined by qRT-PCRqPCR and compared to those from healthy donors, or patients not receiving therapy. To minimize the bias that may arise due to heterogeneity of among patients, geometric means of two reference genes, β-actin and GAPDH will be normalized forused to normalize CytorCYTOR expression levels58. Collectively, these results will provide a foundation for a promising new clinical approach to the reversal of is approach will provide a new strategy for a breakthrough in clinical reversal of HIV latency.	Comment by Editor: KO or KD? Or both?	Comment by Editor: Why “or”?
Expected outcomes, potential pitfalls, and alternative strategies 
We will establish the clinical relevance of CytorCYTOR as an activator of HIV transcription in resting CD4+ T primary cells. As However, CytorCYTOR has reported oncogenic properties, we will monitor cell activation, proliferation, and differentiation. Primary cells will be available for experiments for only a few weeks, and thus will be isolated routinely, and with CytorCYTOR expression will then beingbe manipulated with appropriate validation in all cases. and its expression will be validated each time. CytorCYTOR depletion may be alternatively obtained be achieved using a CRISPR interference approach.by CRISPR interference. Changes in CytorCYTOR expression may also affect other steps of the HIV life cycle such that , hence viral gene expression may be low even if transcriptional activity is unaffected. To overcome this, proviral DNA will be measured and GFP mRNA will be monitored.	Comment by Editor: How?	Comment by Editor: More information on how these results will be interpreted?	Comment by Editor: Discuss limitations associated with primary human cell experiments?
Specific Aim 2  - Study the direct molecular mechanisms by which CYTOR activates HIV gene expressionStudy the direct molecular mechanisms by which Cytor activates HIV gene expression.  
Oour preliminary observations data indicate show that CytorCYTOR activates HIV gene expression and suppresses the entry of CD4+ T cell lines into a period of viral latency. Furthermore, CytorCYTOR associates with P-TEFb and occupies the HIV promoter. These In this Aim, these initial observations will be confirmed in primary CD4+ T cells. Our initial findings give rise to the hWe hypothesize ypothesis that CytorCYTOR activates HIV transcription by directly binding Cyclin T1 and recruiting P-TEFb and the cellular elongation transcription complex to the HIV promoter, thereby modulating Pol II promoter occupancy, changes to the chromatin landscape, and overall HIV gene activation.
2a. Characterize interactions of between CytorCYTOR with and P-TEFb on at the HIV promoter in primary CD4+ cells – our Our preliminary data were obtained generated usingin CD4_+ T cell lines. While we will continue to rely on these cells for our experiments, but the goal herein of this will be to confirm transfer our results findings in a more into a physiologically relevant cell system and confirm by validating interactions between endogenous CytorCYTOR and P-TEFb in primary CD4+ T cells. Stimulated primary CD4+ T cells will be transduced with HIV and will be allowed to gradually returned into return to aa resting state after several weeks of reductions in IL-2 levels. We will then examine CytorCYTOR-P-TEFb association interactions in resting or stimulated cells. Our preliminary RIP assays were performed with an in vitro under resting or stimulated conditions, employing assays that will be described below. As our binding RIP assay was performed with in-vitro CytorCYTOR probe (Fig. 3D), which may not fold properly, , we will confirm interactions between endogenous CytorCYTOR and P-TEFb subunits (Cyclin T1, T2a T2b, and K) by using an RNA antisense purification (RAP) assay with , using biotinylated antisense (AS) oligos that will can precipitateull-down endogenous CytorCYTOR, followed after which P-TEFb subunits will be detected by Western blotting. CYTOR levels in the IP fraction will be confirmed by qby western blot for P-TEFb subunits. RT-qPCRPCR will confirm Cytor levels in the IP fraction. Control AS probes will include scrambled oligos that will not hybridize with CytorCYTOR and a probe targeting the lncRNA 7SK, which binds  probe for a lncRNA that binds P-TEFb. Computational analysis analyses will aid in the identification of will help to identify accessible regions within CytorCYTOR that do not complement such that they will , therefore, should hybridize with CytorCYTOR sequences. In A complementary experimental approach will entail a RIP assay using a complementary approach, RNA-IP (RIP) with specific antibodies against specific for each Cyclin T subunit, followed by RT-qPCRqPCR to amplify endogenous CytorCYTOR with similar analyses of 7SK interactions with P-TEFb as a positive control, and the unrelated lncRNA 7SL as a negative control. The d will be conducted. 7SK lncRNA association with P-TEFb will be similarly perused, as well as an unrelated 7SL control RNA. Dynamics of CytorCYTOR enrichment/localization between the cytoplasmic and nuclear cell fractions will be monitored by employing biochemical cell fractionation approaches, combined with the abovementioned analytical approach.-described analysis. RNA-FISH fluorescence in situ hybridization (FISH) using a labeled CYTOR probe will be used to confirm these results, assessing the transition of with a labeled Cytor probe will support these experiments, following CytorCYTOR transition in between cell fractions under under stimulated and resting conditions.stimulation/resting states. CLIP-RT-qPCRqPCR will complement above these experiments, enabling the identification of as we will identify domains within CytorCYTOR that interact with P-TEFb and reveal the sequences of the HIV promoter that occupied by this lncRNACytor occupies59,60. ChIRP-qPCR will be also employed be conducted in primary HIV-infected cells under resting or stimulated i conditions (Fig. 3A). Western blotting will be used to  analysis will validate interactions between endogenous CytorCYTOR and its its protein partners. Finally, ChIP-qPCR will be performed in cells in which CYTOR is knocked down or overexpressed to in cells where Cytor expression will be KD/over expressed will monitor P-TEFb levels on the HIV promoter, thus validating whether CytorCYTOR affects P-TEFb recruitment to the viral promoter. Overall, our efforts will generate these approaches will yield insights that will support experimentsexperimental conditions in primary cells in which recruitment of CytorCYTOR to the HIV promotor and/or its interaction with P-TEFb will be specifically disrupted (e.g. mutanted through mutation of the HIV promotor, or a using Cyclin T1 that isoforms that do not interact with CYTOR).lacks Cytor interaction). 	Comment by Editor: Is this different than the approach above? You have not previously discussed IL-2 weaning.	Comment by Editor: Why/where? In cells?	Comment by Editor: Meaning healthy donor ells you infect, or cells from HIV patients?	Comment by Editor: I’m not sure I understand. Are you saying you will do these experiments, or that it will be possible to do them in the future? If you will do them, more information on specifics is needed.
2b. Direct Analyses of direct binding between Cyclin T1/P-TEFb and CytorCYTOR - Wwe will also confirm direct binding between CytorCYTOR and P-TEFb in vitro. We hypothesize that CytorCYTOR directly binds to Cyclin T1 and recruits P-TEFb to the HIV promoter. RNA pulldown assays will be conducted using in vitro-s will be employed with in-vitro transcribed CytorCYTOR RNA and recombinantly purified His-tagged cyclin T1 that will be IPed immunoprecipitated with an anti-His antibody, after which CYTOR will be detected by qPCR. As controls to gauge the specificity of this binding reaction,with His antibody, followed by RT-qPCR for Cytor amplification. For specificity control of the binding reaction, several cyclin T1 mutants will be used, including one that is depleted of its RNA/TAR binding domain, or cyclin T1 carrying a C261Y point mutation s that disrupts binding to TAR RNA61,62. A scramble-sequence RNA probe will serve as a negative control for these assays. Alternatively, a biotinylated CytorCYTOR probe will be incubated with recombinantly purified cyclin T1 or its mutant isoforms thereof,s followed by streptavidin IP and extensive washing. CytorCYTOR binding will then be documented by RT-qPCRqPCR. ComplementaryTo complement this approach, we will employ perform an electrophoretic mobility shift assay (EMSA) using EMSA with recombinant GST-Cyclin T1, its mutant isoforms thereof,mutants that cannot bind RNA and a CytorCYTOR labeled probe. A mMutant CytorCYTOR probe will be also tested as a control. Although While these experiments will utilize in vitro transcribed CYTOR RNA, which may not fold or be modified in the same manner as in cells, these experiments will nonetheless provide strong evidence for working with an in-vitro transcribed Cytor RNA, which may fold differently and lack of cellular modifications, the above suggested experiments will strengthen our hypothesis for the direct binding between [image: A picture containing chart

Description automatically generated]CytorCYTOR and P-TEFb for in the context of HIV gene activation.	Comment by Editor: This should go in the “potential pitfalls” section.Figure 9: Potential CytorCYTOR -gene targets are exhibitenriched with P-TEFb enrichment.
Browser A Genome Browser view of Pol II, H3K4me3, and P-TEFb/CDK9 ChIP-Seq data from Jurkat cells , for the indicated genes that were downr-regulated upon CytorCYTOR depletion and were found to are exhibitenriched with  P-TEFb enrichment.. 


2c. Analyze genome-wide CytorCYTOR-P-TEFb interactions genome-wides -– Tto more broadly establish a correlation between P-TEFb and CytorCYTOR, we will employ computational analyses based on ENCODE RNA-Seq data for the cytoplasmic and nuclear fractions of CD4+ T cells.is, looking at RNA-seq data from cytoplasm and nucleus fractions of CD4 T cells at ENCODE. Simultaniously, As a proof-of-concept, we have already integrated publically available Cdk9,; Pol II, and H3K4me3 ChIP-Seq data from primary T cells, and show found that selected genes that are were significantly down-regulated in our RNA-Seq from analysis of CytorCYTOR- depleted cells, are enriched with exhibited Cdk9/P-TEFb levels enrichment (Fig. 9). These CytorCYTOR -target genes include MLST8, Tubb, and RelB, which are respectively associated with the mTOR pathway, actin polymerization, and transcriptional activity.  (mTOR pathway) TUbb (actin polymerization) and RelB (transcription control). ChIRP-qPCR will establish CytorCYTOR occupancy ofon these CytorCYTOR -target genes, and the detection of overlap between  and when these results and overlapped with P-TEFb ChiP-Seq results, will confirm genome-wide P-TEFb-CytorCYTOR co-occupancy genome-wide. These P-TEFb-ChIP-Seq analyses in control or CytorCYTOR- depleted cells will validate our hypothesis that aims to establish that P-TEFb is globally recruited by CytorCYTOR to specific gene promoters. Folowing Given our preliminary ChIP-qPCR results (Fig 3) that demonstrate the involvement of CytorCYTOR in the regulation of histone activation markers depositing and Pol II occupancy, we will also eemploy ChIP-seq in the context of CytorCYTOR depletion to define epigenetic histone changes and Pol II occupancy around identified CytorCYTOR-target genes.	Comment by Editor: This makes it sound as though you just browsed until you found downregulated genes




2d.     Investigate the interplay between CytorCYTOR, Tat, and 7SK lncRNA - since As cyclin T1 is recruited to the HIV promoter via Tat and TAR, and this interaction could mask the contribution of CytorCYTOR lncRNA toin the recruitment of P-TEFb recruitment onto the viral promoter, we will further evaluate the involvement of Tat in any CytorCYTOR- mediated effectsphenotypes. We will employ an EMSA and approach to investigate the possible Tat-mediated CYTOR recruitment of Cytor by Tat, using a labeled TAR RNA probe and unlabeled CytorCYTOR that should super-shift the Tat-TAR complex. An EMSA dually with dual staining for stained for RNA (Syber SYBR Green) and protein (Sypro SYPRO Ruby) will illuminate elucidate the RNA/P-TEFb species in the the detected complex63. A scrambled Scramble probe will serve as a negative control probe. To confirm the interplay between CytorCYTOR and Tat in recruiting the recruitment of P-TEFb in HIV HIV-infected cells, CytorCYTOR effects on HIV transcription will be tested with a virus that does not express Tat, or with mutated Tat that , which does not bind to cyclin T1. Complementary, Additionally, Tat trans-activation will be monitored in cells under conditions where CytorCYTOR is over-expressed or depleted. We will then test if whether Tat associates with CytorCYTOR by employing performing RIP with experiments using a Tat-specifica Tat antibody, followed by RT-qPCRthe qPCR-mediated detection of  for detecting CytorCYTOR. Alternatively, pull-down assays performed using a biotinylated anti-sensepull down with AS CytorCYTOR biotinylated probe will identify ifclarify whether CYTOR co-precipitates with Tat ico-purifies in HIV HIV-infected cells. with Cytor. We will also follow the interplay explore interactions between the 7SK lncRNA and CytorCYTOR in associating the context of P-TEFb binding and the  and regulating the complex transition between active and inactive P-TEFb. Such experiments will be performed under active or resting conditions of using primary CD4+ T cells. A bBiochemical glycerol gradient analysis, followed by Wwestern blotting and RT-qPCRqPCR will be used to measure free/active and inactive  will monitor the free/active versus inactive P-TEFb when and associated interactions with respectively associated with either CytorCYTOR or 7SK. We have initiated cCell fractionation analysis analyses will further be used to monitor CYTOR levels in the cytoplasm and nucleus in the presence or absence of stimulation and the interactions between Cdk9, CYTOR, and 7SK under these conditions.accompanied with western blot and RT-qPCR to follow Cytor levels in between cytoplasm and nucleus during stimulation, monitoring association of Cdk9 with Cytor and 7SK.
Expected outcomes, potential pitfalls, and alternative strategies
Our preliminary observations were performed in J-Lat 6.3 T cell lines.  To address biases of the associated with the position of integraion positions of the proviral HIV integration in these cell immortalized cells, lines, other HIV HIV-infected T cell line models will be tested. The interactions between lncRNAs and their protein partners are often transient, and may thus challneging be challenging to detect. If our initial approaches are unsuccessful, to follow. aAlternative RNA binding assays will include RNA probes with MS2 or S1 RNA tags. For any of the above IP approaches, antibody specificity will be essential for success, and we will thus extensively optimize these analyses. The low levels of CYTOR expression may represent an experimental challenge, but in specificity of the antibodies will be decisive for success, thus we envision extensive optimization steps. lncRNA abundance, which may be low in the case of Cytor, will also correlate with the ability to measure levels within cells. Oour preliminary experiments we successfully detected CytorCYTOR RNA levels in primary cells (Fig. 2D). In If our hypothesis pertaining to cyclin T1 interactions is ultimately not supported,case the cyclin T1 hypothesis fails, we will test interactions between CytorCYTOR and other cyclin subunits including Cyclin T2a, T2b, or K using a similar experimental approach.. Cyclin K is will be of particular interest, as it is the only cyclin of a special interest, as it is the only one that is recruited to promoters and activates transcription via RNA64. I A similar experimental scheme will be followed as described for Cyclin T1. Interactions of between CytorCYTOR with and SEC/AFF4 that were detected in our MS analysis, and will also be subject to follow-up. Awas identified in our MS analysis will be also followed. AFF4 directly binds to Cyclin T1 and its C-terminal domainCTD can bind to RNAs binds RNA65-70,71. We have already obtained SEC expression vectors were already obtained from the Zhou lab (UC Berkeley) to support these follow-up experiments.. 	Comment by Editor: Not sure what you mean – do you mean by intereacting with RNA? Or it activates RNA transcription?
Aim 3 - Explore indirect effects of CYTOR on T cell activation, actin remodeling, and the expression of HIV or cellular genesExplore indirect effects of Cytor on T cell activation, actin remodeling and HIV or cellular gene expression
3a.	Identify and characterize downstream targets genes of CytorCYTOR and studying their functions -– In our RNA-Seq analysis detailed above usingour above RNA-Seq analysis in J-Lat 6.3 T cells, wes identified genes that are were differentially expressed following CytorCYTOR depletion (Fig.  5). As we already have established our ability to knock out CytorCYTOR KD expression in activated primary CD4+ primary T cells (Fig. 8), in this Aim we will confirm these RNA-seq analysis results in primary cells. To comprehensively identify DNA sequences of downstream target genes that are reproducibly and significantly regulated by CytorCYTOR, we will employ conduct a global ChIRP-Seq analysis using antisense-DNA tiling probes that will cover the entire CytorCYTOR gene and selectively will thereby selectively retrieve new CytorCYTOR target s genes72 in primary CD4+  primary cells (n=2). Specific recognition motifs within promoters or enhancers that CytorCYTOR associates with will be identified. By doing so,This approach will enable us to  we will address key mechanistic questions about regarding the binding of CytorCYTOR to DNA, and while also verifying whetherverify if its recruitment to promoters is sequence-specific. This ChIRP-Seq will be strategy will complement the RNA-Seq analyses performed inis from the J-Lat and primary cells, enabling us to narrow down our candidate s’ gene list for future investigation. The expression of the top ten 10 genes that were deregulated differentially expressed upon CytorCYTOR depletion/over expressioned in primary cells will be validated by qRT-PCRqPCR, also in addition to employing a similar functional loss- and gain-of-function experimental scheme that was presented as in our preliminary result section. Their effects on T cell activation and HIV gene activation will be studied in cells where in which each gene has been knocked down/overexpressed, each gene is KD/over-expressed, and the occupancy of CytorCYTOR on promoter sequences of associated with these gene targets will be confirmed by ChIRP-qPCR. Those genes that will are identifiedbe defined as potential players in the regulation al regulators of HIV transcription and/or T cell activation/actin dynamics, will be subjected to further mechanistic studiesy. We will monitor the role of these CYTOR target genes of Cytor in the context of CytorCYTOR, where with top candidate genes candidates will be being subjected to functional analyses and manipulation of expression in the cells in which CYTOR is knocked down or overexpressed. context of Cytor KD/Over expressed cells. 	Comment by Editor: Not the genome?	Comment by Editor: Two donors? Two total replicateS?	Comment by Editor: I don’t understand what this is supposed to mean.
3b.   Investigating the indirect effects of CytorCYTOR on actin remodeling and T cell activation - Ccytoplasmic73 and nuclear actin dynamics74,42 have been described shown to affect HIV transcription by through unknown mechanisms. Our preliminary results show suggest that CytorCYTOR regulates actin polymerization in the cytoplasm and the spreading of CD4+ T Jurkat cells in response to T cell activation (Fig. 4). HereinIn this Sub-Aim, we will continue our collaboration with the Fackler lab and assess how CytorCYTOR indirectly affects primary CD4+ T cell actin dynamics, T cell activation, and subsequent ly HIV gene expression. We will focus on the possibility that CytorCYTOR indirectly affects actin remodeling and the response of CD4 T cells to stimulation, which are a result of the deregulation of CytorCYTOR target genes - the products of which are involved in actin remodeling. Ans additional, not mutually exclusive possibility, is that CytorCYTOR may directly act on actin in the nucleus to impact gene transcription directly, e.g. by altering the function of actin monomers in Pol II complexes75-77. Importantly, the Fackler lab has recently demonstrated that independent actin remodeling events at the plasma membrane and in the nucleus , critically determine T cell activation48. We will therefore evaluate both events and conduct a comprehensively characterizeation of the impact of CytorCYTOR on actin dynamics in response to T cell stimulation, coupling  and couple this to a functional analysis of T cell activation and effects the functional role of CytorCYTOR. These experiments will initially be conducted in initially in Jurkat T cells, and once a robust workflow for generating CytorCYTOR KOs in primary resting CD4+ T cells has been established, their responses to P/I or anti-CD3/CD28 stimulation will be assessed. Analyzed readouts will include  with reduced or increased Cytor levels, studying their response to anti-CD3/28 antibodies or P/I stimulation. Parameters to be quantified will include T cell activation and proliferation (surface markers and dye dilution by measured by flow cytometry); Ca2+ release (live cell imaging); cytoplasmic and nuclear actin dynamics (live cell imaging); production of major central T cell cytokines (flow cytometry, ELISAs); TCR signaling cascades (determined by the phosphorylation of signaling intermediates and formation and composition of TCR signaling micro-clusters); and finally the activation of transcription factors such as NF-kb or NF-AT48,50.  Similarly, CytorCYTOR target genes candidates that were identified through our RNA- Seq will analysis be evaluated based on the definition of the specific actin remodeling event and screened for to better understand the effects of CytorCYTOR on protein amounts expression and/or localization. Genes that will be are affected by the depletion of CytorCYTOR will be tested for their roles as mediators of the  in mediating effects of CytorCYTOR on CD4+ T cells actin dynamics and T cell activation , in cells in which expression of these genes will has been silenced be silenced or enhanced. The role of CytorCYTOR will be investigated with a focus on T cell activation and actin remodeling in primary CD4+ T cells. Parallel KO knockout of candidate CytorCYTOR -target genes and CytorCYTOR will be additionally be performed to gain a more comprehensive understanding of the functions of CYTOR in primary resting CD4+ T cell activation and actin remodeling. perused, providing a comprehensive understanding of Cytor functions in activation and actin remodeling of primary resting CD4 T cells.
Expected outcomes, potential pitfalls, and alternative strategies 
We will define the indirect effects of CytorCYTOR that occur via the modulation of expression of regulation of a range of target genes. Cytor-targets genes. The contribution relationship between this regulatory role of CYTOR and of Cytor to these events and subsequently to control of HIV gene expression/latency will be investigated. Genome-wide protocols are well-established in our lab, and will support the above experiments. We cannot exclude the possibility that CytorCYTOR does not exsert its effects via through P-TEFb, and we will therefore explore alternative scenarios if the P-TEFb hypothesis has to be rejected. CytorCYTOR is known to pair interact with miRNAs and to promote cancer78,41,  and miRNAs bind the HIV promotor to regulate gene expression. 	Comment by Editor: You should expand on this further regarding possible experiments.
E.       Ressources: 
The research will be performed in the Department . of  Microbiology of , Ben-Gurion University (BGU) in Israel. Our lab space is 60 sqm2, fitted and is outfitted with the required equipment for this study: PCR thermocyclers, real real-time qPCR machineinstruments, gel electrophoresis and immune-blot apparatuses, centrifuges, and freezers. A dDesignated tissue culture room is equipped with a biological hood, CO2 incubators, and light and fluorescent microscopese. BGU has excellent core facilities including, sequencing,  and genomics, proteomics, and bioinformatics units. All are headed by highly skilled PhD level researchers. These units also include state-of-the-art equipment, such as MALDI-TOF and FACScan cytometer instruments. My team currently includes a research assistant, one MSc. and two PhD students,  as well as two undergraduate students. 
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