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ABSTRACT METHODS AND MATERIALS

Non-replicating, non-integrating vectors can provide transient expression in proliferating cells and stable transgene expression in Constructs. Single base mutations were introduced by site-directed mutagenesis at D125, D184, E220 of the integrase sequence in MLV Defective MLV Reverse Transcriptase A R o 5 mw gggg;f;?:?:o,gﬂ?i“ Figure 8. A. Physical titer-of
quiescent cells. We explored further engineering of our highly modified non-replicating Moloney Murine Leukemia Viral (MoMLV) gagpol gene using a Q5 Site-Directed Mutagenesis kit (New England Biolabs, MA). A second round was performed to yield double A POL e T 1 I I R the vectors produced with
vector to become non-integrating using our optimized Herpes Simplex Virus Thymidine Kinase (HSV-TK) gene construct as a model mutants, and a third round to generate a triple mutant integrase. Three mutations were introduced in the RT sequence at e R P e V}/T—.GP or RT mutant-GP are
system. D150A/D224A/D225A. The mutant fragment was synthesized by GenScript Biotech, NJ and inserted into MLV wildtype gagpol gene or —— &ﬂ L :|m|lz;r. B;j A375-tﬁe”5 t\:\/ere
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The optimal vectors for gene delivery should exhibit large payload capacity, high transduction efficiency, target cell selectivity, and no :;;ctc;] tchoenLr;;c)(leg(\rjislj_sye;:)ctcl)\;emn:?;c?:tgl;;si}&sz;iizzlcgzn& L\\I/e:;c]:);.h\c:f:(;cgqusi C\A;enr\c/aelgoe; : ;arfzdp:z:li;adn?gzxigf)llie O:r:;:fg)c(gg;nijtgsfhgw; FLg““? 7. Schhematlcidc]jlagzz:]m of t:? polyrpirase C. callkilaciiy 09 i mnsduced 75 clls vectors, stained with FITC-
genotoxicity. For cancer therapy and vaccine use, an acceptable immune response is also necessary. Non-integrating vectors will dilute here, the payload was an optimized HSV-TK sequence (see ASGCT Poster #1634). Titers were measured by RT-qPCR after isolation of ?Dcl)\SN(;giDzvzv4§;eDZZSA?) Werfee introd:zzda Ii(:\:Z \\ anti-HSV-TK  antibody and
progressively in proliferating cells. However, for certain gene products, transient expression may be sufficient. Additionally, non- the vector RNA. Expression analysis. Human melanoma cells A375, and other human cancer cell lines (see Fig. 6) were transduced with the Fingers/Palm region (10) analyzed after 3 days by FACS
integrating vectors in particular offer a reduced risk of genotoxicity. For vaccine applications, transient expression may also be useful. If vector, and payload protein expression was examined by Western blot and FACS. Payload protein activity was determined by cell kill & © ' \\\ (BD Accuri). C. A375 cells
stable expression in non-dividing cells is required, repeated administration of non-integrating vectors may be considered. assays in presence of ganciclovir (GCV). Relative integration analysis. DNA was extracted from transduced cells using QlAcube (Qiagen, P l—— T - — transduced with the vectors

Germany) and tested for Psi signal copies using relative integration gPCR assay (relative to an internal control gene). v were examined for cell Kill

In order to generate a non-integrating vector, seven integrase mutants were constructed at the Mg?* binding motif of the catalytic core o
8 8 8 5 5 5 Y activity in 20 uM GCV for 4

domain of the integrase in the vector gagpol gene: single mutations, dual combinations, and a triple mutant. The constructs were RESU LTS A Figure 9. Combination of integrase-defective and days The results
tested by triple transfection of 293T cells with env, gagpol, and payload. None of these mutations affected the physical titer of vector. B RT mutant. A. Physical titers of vectors produced = . . "\l i bore i no
Using our optimized HSV-TK suicide gene construct as the payload, the level of protein expression was examined in melanoma A375 . ' with either WT-GP or with integrase-defective : :

g P - g- > P y- P P - - Defectlve MLV Integrase A. All mutant GP examined together at Day 2 B. S Ernay 24 hrs "Eohay 48 hrs  Gowiinan 24 1S S cseina 48 s mutant D184A/RT mutant. B. A375 cells were protein expression as well as
cells transduced with vectors made with gagpol containing the integrase mutants and compared with payload expression from vectors Gaznol (GP) Sequences J— | o . o : .d  cel no cell kill activity with the RT
made with wild-type gagpol. Data from FACS and Western blots for HSV-TK protein from the various mutants indicated that early Figure 2. Seven different e WIT VIK T Bme (] B Deten trans uFe with the vectors and analyzed tor vIK mutant  although  vector

. L . . . . . . int defecti tant DI125A 10KD e TS s e — — — — — a8 I AL expression after 24 and 48h by FACS. The results _
protein expression is strong and nearly comparable to that observed with a functional integrase. This expression correlates well with Integrase aerective  mutants Single DI84A S || .| TEEEST. PTVEETR i o BT mutant construct onl (Fig. 8) particles were made.
the cell kill activity in the presence of ganciclovir (GCV). As expected, expression decreased over time to undetectable levels as the cells were producgd _bV single p0|r-1t VTN WI DI2A DISIA 2204 1297184 1847220 125220 riple - NTD yiris- o
divided. Lack of integration in the host genome was confirmed using relative integration gPCR. All mutations and their combinations mutations within the catalytic Double DIS4A/E220A B e s wnnw = | [-actin CONCLUSIONS
. : . . : . core. D125A/E220A
were able to knock out host genome integration. A range of cancer cell lines were tested with the non-integrating vectors. When the Triple | DI25A/DIS4A/E220A

cells were successfully transduced with the vectors, HSV-TK expression became undetectable between 7 and 14 days for most of the Seven mutant integrase MLV gagpol sequences were engineered. All seven mutants of defective integrase successfully generated

B. Each mutant GP analyzed over time from Day 2 to Day 14 — e.g. for D184A

cell lines tested. This correlated with the loss of cell kill activity in the presence of GCV. F-|gure 3. The physical ) oEs0o fiter of Vectors vector particles at high titers similar to the wild-type gagpol sequence. All mutants also resulted in similar levels of expression of the

: : : , L . : titers of vectors e | T S — e — — — yLs payload protein HSV-TK in transduced target cells. The expression disappeared over time as would be expected for a payload gene that
To examine the functional effect of the mutated integrase with the reverse transcription deficiency, the reverse transcriptase (RT) gene generated  with each £ " . ayioad b . . " br bPear g bayloat &
was also mutated in the gagpol. When the mutated RT construct was used in the triple transfection of 293T, the vector particle was integrase-defective 5 L1 | | | | N did not mtegrat(.e into the host genome. Th? lack of mtTagratlon was also confirmed !oy-qI-DCR of DNA-Of host cells. In c-ancer cell lines that
produced at a high titer, but transduced A375 cells failed to express the HSV-TK protein. No GCV induced cell killing was observed as gagpol were comparable ;” jZE:z I i I I 2D w " o o e t. are most receptive to MLV vectors, expression and aciclwty of the payload HSV-TK d|m|n|she-d over time bl_Jt COUId_St'” be detected up to
well. Not surprisingly, when a combination of integrase mutated and RT mutated vector was tested, expression of the payload was also to the titer obtained using 2 0:0E+00 . ——————— . - Practin 14 days after transduction, by Western blot and cell kill assays in the presence of GCV, despite the lack of integration.
not present. This implies that RT activity is required even in the non-integrating vector, and that payload RNA alone is insufficient in wild-type (WT) gagpol. & F & F T TP & Figure 4. A375 cells were transduced with integrase-defective The data obtained with the reverse transcriptase mutant gagpol sequence show that the mutations did not affect formation of vector
transduced A375 cells for detectable expression of HSV-TK protein. Titers were measured by v 9 Q\*’V\Qo\%&@o\”&@ & vectors a;nd examined for HSV-TK (vTK) expression by Western particles and generated the same titers as with wild-type gagpol. However, when the RT function was knocked-out, HSV-TK protein
With non-replicating, non-integrating vectors, there is the opportunity to explore many additional indications in the immunotherapy RT-GPCR. Gag-Pol seq::nce used to generate veetor  BIOtEING. A. The 7 mutant GP and wild-type GP vectors were tested could not be detected in targ-et- cel!s, indicating that payload RNA alone is insufficient for detectable protein expression in transduced
and vaccine areas. An example is incorporating both an antigen gene and a second gene, e.g., a viral thymidine kinase. Incorporation of and compared at Day 2 (2D) post-transduction. B. For each mutant cells and that reverse transcription is necessary.
both of these genes within a non-replicating, non-integrating vector would permit the combination of antigen production with Cell kill activity (%) over time since transduction of A375 cells GP, vTK expression was followed up to Day 14 post-transduction. Non-replicating non-integrating MLV vectors represent an attractive alternative for transgene therapy as the duration of payload
subsequent GCV-mediated cell killing, with the potential to augment the immune response against the co-delivered antigen. , e e The. blot shows a representative d?ta of the expression over time expression outperforms current approaches, such as with formulated mRNA for example. These constructs provide a new platform

% B N\ A WT e 2;;2:5??;81:traenfwgiiérlﬁr;sgjlcnc:clzllazeﬁﬁstte[;gz:?ns ?Alzsser::jdfc;rsa! with improved safety for testing a variety of therapeutic and prophylactic applications, ranging from cancer therapy to vaccine delivery.
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