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VECTOR SYSTEM FOR EXPRESSING sequence having at least 80 % sequence identity with at least 
REGULATORY RNA one of SEQ ID NO : 1 , SEQ ID NO : 2 , or SEQ ID NO : 3 . 

In embodiments , the small RNA comprises at least one of 
CROSS - REFERENCE TO RELATED SEQ ID NO : 1 , SEQ ID NO : 2 , or SEQ ID NO : 3. In 

APPLICATION 5 embodiments , the lentiviral particle further comprises a 
second nucleotide sequence encoding a KIF11 gene or a 

This application claims priority to : U.S. Provisional Pat variant thereof , wherein the KIF11 gene or the variant 
ent Application No. 62 / 755,985 , filed on Nov. 5 , 2018 , thereof lacks at least one sequence portion . In embodiments , 
entitled “ VECTOR SYSTEM FOR EXPRESSING REGU the sequence portion comprises a coding region or a non 
LATORY RNA , ” the disclosure of which is incorporated 10 coding region of the KIF11 gene or variant thereof . Where 
herein by reference . the sequence portion comprises a non - coding region , the 

sequence portion may comprise at least one of a 5 ' untrans 
FIELD lated region or a 3 ' untranslated region of the KIF11 gene or 

variant thereof . In embodiments , the target cell is a mesen 
The present disclosure relates generally to the field of 15 chymal stem cell . 

gene therapy , specifically in relation to the use of vectors and In another aspect , a modified mesenchymal stem cell is 
modified cells that encode or express regulatory RNA . provided comprising a mese esenchymal stem cell infected with 

a lentiviral particle , wherein the lentiviral particle com 
BACKGROUND prises : an envelope protein capable of infecting the mesen 

20 chymal stem cell ; and a first nucleotide sequence encoding 
Malignant or neoplastic cells may be controlled by regu- a small RNA capable of binding a non - coding region of a 

latory RNA and especially inhibitory RNA ( RNAi ) capable host copy of KIF11 . 
of blocking critical mechanisms of cell growth . In part , In embodiments , the non - coding region is a 3 ' untrans 
because they produce RNAi , Mesenchymal Stem Cells lated region or a 5 ' untranslated region of the host copy of 
( MSC ) are used increasingly for cellular therapies and are 25 KIF11 . In embodiments , the small RNA comprises a 
envisioned as cellular delivery vehicles for cancer treatment . sequence having at least 80 % sequence identity with at least 
MSC also produce immune - inhibiting cytokines including one of SEQ ID NO : 1 , SEQ ID NO : 2 , or SEQ ID NO : 3 . 
TGF - B and have a short half - life in vivo , making them good In embodiments , the small RNA comprises at least one of 
candidates for allogeneic cell therapy . Further , MSC express SEQ ID NO : 1 , SEQ ID NO : 2 , or SEQ ID NO : 3. In 
genes of the Connexin family that create a plasma mem- 30 embodiments , the first nucleotide sequence is present in the 
brane pore capable of interacting with connexin pores on modified mesenchymal stem cell at between about 1 and 
tumor cell membranes . These pores allow exchange of about 10 copies per cell . 
cytoplasmic materials including RNAi , and may be In embodiments , the lentiviral particle further comprises 
exploited to deliver growth - inhibiting RNAi into tumor a second nucleotide sequence encoding a KIF11 gene or a 
cells . MSC therapy is used currently for regenerative medi- 35 variant thereof , wherein the KIF11 gene or the variant 
cine and to combat autoimmune or inflammatory diseases . thereof lacks at least one sequence portion . In embodiments , 

the sequence portion comprises a coding region or a non 
SUMMARY coding region of the KIF11 gene or variant thereof . Where 

the sequence portion comprises a non - coding region , the 
In an aspect , a viral vector is provided comprising a first 40 sequence portion may comprise at least one of a 5 ' untrans 

nucleotide sequence encoding a small RNA capable of lated region or a 3 ' untranslated region of the KIF11 gene or 
binding a non - coding region of a host copy of KIF11 . variant thereof . 

In embodiments , the non - coding region of the host copy In another aspect , a method of producing a modified 
of KIF11 is a 3 ' untranslated region or a 5 ' untranslated mesenchymal stem cell is provided , the method comprising : 
region . In embodiments , the small RNA comprises a 45 infecting a mesenchymal stem cell with an effective amount 
sequence having at least 80 % sequence identity with at least of a lentiviral particle , wherein the lentiviral particle com 
one of SEQ ID NO : 1 , SEQ ID NO : 2 , or SEQ ID NO : 3 . prises : an envelope protein capable of infecting the mesen 
In embodiments , the small RNA comprises at least one of chymal stem cell ; and a first nucleotide sequence encoding 
SEQ ID NO : 1 , SEQ ID NO : 2 , or SEQ ID NO : 3. In a small RNA capable of binding a non - coding region of a 
embodiments , the viral vector further comprises a second 50 host copy of KIF11 . 
nucleotide sequence encoding a KIF11 gene or a variant In embodiments , the non - coding region is a 3 ' untrans 
thereof , wherein the KIF11 gene or the variant thereof lacks lated region or a 5 ' untranslated region of the host copy of 
at least one sequence portion . In embodiments , the sequence KIF11 . In embodiments , the small RNA comprises a 
portion comprises a coding region or a non - coding region of sequence having at least 80 % sequence identity with at least 
the KIF11 gene or variant thereof . Where the sequence 55 one of SEQ ID NO : 1 , SEQ ID NO : 2 , or SEQ ID NO : 3 . 
portion comprises a non - coding region , the sequence portion In embodiments , the small RNA comprises at least one of 
may comprise at least one of a 5 ' untranslated region or a 3 ' SEQ ID NO : 1 , SEQ ID NO : 2 , or SEQ ID NO : 3. In 
untranslated region of the KIF11 gene or variant thereof . embodiments , the first nucleotide sequence is present in the 

In another aspect , a lentiviral particle produced by a modified mesenchymal stem cell at between about 1 and 
packaging cell and capable of infecting a target cell is 60 about 10 copies per cell . 
provided , wherein the lentiviral particle comprises an enve- In embodiments , the lentiviral particle further comprises 
lope protein capable of infecting the target cell ; and a first a second nucleotide sequence encoding a KIF11 gene or a 
nucleotide sequence encoding a small RNA capable of variant thereof , wherein the KIF11 gene or the variant 
binding a non - coding region of a host copy of KIF11 . thereof lacks at least one sequence portion . In embodiments , 

In embodiments , the non - coding region is a 3 ' untrans- 65 the sequence portion comprises a coding region or a non 
lated region or a 5 ' untranslated region of the host copy of coding region of the KIF11 gene or variant thereof . Where 
KIF11 . In embodiments , the small RNA comprises a the sequence portion comprises a non - coding region , the 
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sequence portion may comprise at least one of a 5 ' untrans- with lentiviral vectors expressing : ( A ) a shRNA against 
lated region or a 3 ' untranslated region of the KIF11 gene or KIF11 alone ; and ( B ) a shRNA against KIF11 and a KIF11 
variant thereof . coding sequence . 

In another aspect , a method of treating cancer in a subject FIG . 12 depicts data showing cell number of mesenchy 
is provided . The method comprises administering a thera- 5 mal stem cells after transduction with vectors expressing 
peutically - effective amount of any modified mesenchymal shRNA that targets KIF11 or vectors co - expressing shRNA 
stem cell described herein to the subject . In embodiments , that targets KIF11 and the KIF11 coding sequence . 
the modified mesenchymal stem cell is allogeneic to the DETAILED DESCRIPTION subject . In embodiments , the modified mesenchymal stem 
cell is autologous to the subject . In embodiments , the cancer Overview of the Disclosure is selected from any one or more of a carcinoma , a sarcoma , In an aspect , this disclosure relates to vectors and modi a myeloma , a lymphoma , a mixed type , or a mixture of the fied cells that encode or express a small RNA capable of foregoing binding to a host cell copy of KIF11 . In embodiments , the 

In another aspect a use of the modified mesenchymal stem 15 vectors are viral vectors . In embodiments , the modified cells 
cell to treat cancer is provided comprising any of the are modified mesenchymal stem cells . modified mesenchymal stem cells described herein . In another aspect , this disclosure relates to vectors and 

In another aspect , a method of treating cancer in a subject modified cells that encode or express : ( i ) a small RNA 
is provided , the method comprising administering a thera- capable of binding a host copy of KIF11 ; and ( ii ) a modified 
peutically effective amount of any lentiviral particle 20 KIF11 that is resistant to the small RNA . In embodiments , 
described herein to the subject . the vectors are viral vectors . In embodiments , the modified 

In embodiments , the cancer is selected from any one or cells are mesenchymal stem cells . 
ore of a carcinoma , a sarcoma , a myel a lymphoma , In another aspect , this disclosure relates to vectors and 

a mixed type , or a mixture of the foregoing . In embodiments , modified cells that encode or express : ( i ) a small RNA 
the lentiviral particle is administered to the subject via an 25 capable of binding a host copy of KIF11 ; and ( ii ) an 
infected target cell . In embodiments , the target cell com- exogenous KIF11 gene that is resistant to the small RNA . In 
prises a somatic cell . In embodiments , the somatic cell embodiments , the vectors are viral vectors . In embodiments , 
comprises a hepatocyte or a lymphocyte . In embodiments , the modified cells are mesenchymal cells . In embodiments , 
the somatic cell comprises a lymphocyte , wherein the lym the small RNA is capable of binding a non - coding region of 
phocyte comprises a tumor specific T cell . In embodiments , 30 a host copy of KIF11 , for example , in the 5 ' UTR or in the 3 ' UTR . In embodiments , the exogenous KIF11 gene lacks the target cell comprises a stem cell . In embodiments , the at least a portion of a target sequence ( e.g. , a sequence stem cell comprises an induced pluripotent stem cell or a portion thereof ) . In such embodi nts , the exogenous mesenchymal stem cell . KIF11 is resistant to activity by the small RNA , for example , 

35 to the ability of the small RNA to bind the exogenous KIF11 . BRIEF DESCRIPTION OF THE DRAWINGS In such embodiments , the ability of the small RNA to 
modulate expression of the exogenous KIF11 is decreased FIG . 1 depicts an exemplary 3 - vector lentiviral vector and / or prevented . system , in a circularized form . Definitions and Interpretation FIG . 2 depicts an exemplary 4 - vector lentiviral vector Unless otherwise defined herein , scientific and technical system , in a circularized form . terms used in connection with the present disclosure shall FIG . 3 depicts a lentiviral vector expressing KIF11 have the meanings that are commonly understood by those 

shRNA targeting sequence and the KIF11 coding sequence , of ordinary skill in the art . Further , unless otherwise required 
in a circularized form . by context , singular terms shall include pluralities and plural 
FIG . 4 depicts a linear map of a lentiviral vector express- 45 terms shall include the singular . Generally , nomenclature 

ing a KIF11 shRNA targeting sequence and a KIF11 coding used in connection with , and techniques of , cell and tissue 
sequence . culture , molecular biology , immunology , microbiology , 
FIG . 5 depicts data demonstrating effect of lentiviral- genetics and protein and nucleic acid chemistry and hybrid 

delivered shRNA - based RNA interference that targets the ization described herein are those well - known and com 
human KIF11 untranslated region . 50 monly used in the art . The methods and techniques of the 
FIG . 6 depicts data demonstrating effect on KIF11 mRNA present disclosure are generally performed according to 

levels after lentiviral - delivered co - expression of both a conventional methods well - known in the art and as 
shRNA - based RNA targeting the human KIF11 untranslated described in various general and more specific references 
region and a KIF11 gene . that are cited and discussed throughout the present specifi 

FIG . 7 depicts data demonstrating the effect of KIF11 55 cation unless otherwise indicated . See , e.g .: Sambrook J. & 
knockdown on the proliferation of PC3 cells . Russell D. Molecular Cloning : A Laboratory Manual , 3rd 
FIG . 8 depicts data demonstrating effect on proliferation ed . , Cold Spring Harbor Laboratory Press , Cold Spring 

of PC3 cells after lentiviral - delivered co - expression of both Harbor , N.Y. ( 2000 ) ; Ausubel et al . , Short Protocols in 
a shRNA - based RNA targeting the human KIF11 untrans- Molecular Biology : A Compendium of Methods from Cur 
lated region and a KIF gene . 60 rent Protocols in Molecular Biology , Wiley , John & Sons , 
FIG . 9 depicts data demonstrating transduction of mes- Inc. ( 2002 ) ; Harlow and Lane Using Antibodies : A Labora 

enchymal stem cells with a lentiviral vector expressing GFP . tory Manual ; Cold Spring Harbor Laboratory Press , Cold 
FIG . 10 depicts data demonstrating vector copy number Spring Harbor , N.Y. ( 1998 ) ; and Coligan et al . , Short Pro 

of mesenchymal stem cells after transduction with various tocols in Protein Science , Wiley , John & Sons , Inc. ( 2003 ) . 
lentiviral vectors expressing shRNA against KIF11 . 65 Any enzymatic reactions or purification techniques are per 
FIGS . 11A and 11B depict data showing KIF11 mRNA formed according to manufacturer's specifications , as com 

expression in mesenchymal stem cells after transduction monly accomplished in the art or as described herein . The 
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nomenclature used in connection with , and the laboratory the other nucleotide sequence . For example , when the coun 
procedures and techniques of , analytical chemistry , syn- terpart to adenine on one of the nucleotide sequences is 
thetic organic chemistry , and medicinal and pharmaceutical guanine or , for example , when the counterpart to uracil on 
chemistry described herein are those well - known and com- one of the nucleotide sequences is cytosine . Two nucleotide 
monly used in the art . 5 sequences that are “ complementary ” may include a nucleo 
As used in the description and the appended claims , the tide sequence of a small RNA that is complementary ” to a 

singular forms “ a ” , “ an ” and “ the ” are used interchangeably nucleotide sequence of a mRNA . The nucleotide sequence 
and intended to include the plural forms as well and fall of the small RNA may be perfectly " complementary " or 
within each meaning , unless the context clearly indicates imperfectly “ complementary ” to the nucleotide sequence of 
otherwise . Also , as used herein , “ and / or ” refers to and 10 the mRNA . 
encompasses any and all possible combinations of one or As used herein , the term “ comprising ” is intended to mean 
more of the listed items , as well as the lack of combinations that the compositions and methods include the recited ele 
when interpreted in the alternative ( “ or ” ) . ments , but does not exclude other elements . “ Consisting 

All numerical designations , e.g. , pH , temperature , time , essentially of ” when used to define compositions and meth 
concentration , and molecular weight , including ranges , are 15 ods , shall mean excluding other elements of any essential 
approximations which are varied ( + ) or ( - ) by increments of significance to the composition or method . " Consisting of " 
0.1 . It is to be understood , although not always explicitly shall mean excluding more than trace elements of other 
stated that all numerical designations are preceded by the ingredients for claimed compositions and substantial 
term “ about ” . The term “ about ” also includes the exact value method steps . Embodiments defined by each of these tran 
“ X ” in addition to minor increments of “ X ” such as “ X + 0.1 ” 20 sition terms are within the scope of this disclosure . Accord 
or “ X - 0.1 . ” It also is to be understood , although not always ingly , it is intended that the methods and compositions can 
explicitly stated , that the reagents described herein are include additional steps and components ( comprising ) or 
merely exemplary and that equivalents of such are known in alternatively including steps and compositions of no signifi 
the art . cance ( consisting essentially of ) or alternatively , intending 
As used herein , the term “ about ” will be understood by 25 only the stated method steps or compositions ( consisting of ) . 

persons of ordinary skill in the art and will vary to some As used herein , " expression , " " expressed , ” or “ encodes ” 
extent depending upon the context in which it is used . If refers to the process by which polynucleotides are tran 
there are uses of the term which are not clear to persons of scribed into mRNA and / or the process by which the tran 
ordinary skill in the art given the context in which it is used , scribed mRNA is subsequently being translated into pep 
“ about ” will mean up to plus or minus 10 % of the particular 30 tides , polypeptides , or proteins . Expression may include 
term . splicing of the mRNA in a eukaryotic cell or other forms of 

The terms " administration of " or " administering ” an post - transcriptional modification or post - translational modi 
active agent should be understood mean providing an fication . 
active agent to the subject in need of treatment in a form that The terms “ individual , ” “ subject , ” and “ patient " are used 
can be introduced into that individual's body in a therapeu- 35 interchangeably herein , and refer to any individual mammal 
tically useful form and therapeutically effective amount . subject , e.g. , murine , porcine , bovine , canine , feline , equine , 
As used herein , the term “ allogeneic ” refers to a treatment non - human primate or human primate . 

in which the donor cells or tissues used in the treatment are The term “ KIF11 ” refers to the gene Kinesin family 
not derived from the subject that is being treated with the member 11 , also known as Kinesin - 5 . KIF11 functions in 
donor cells or tissues . Accordingly , a treatment that is 40 mitosis through interacting with the mitotic spindle . The 
" allogeneic to the subject ” refers to a treatment in which the term KIF11 includes all wild - type and variant KIF11 
donor cells or tissues do not derive from the subject . sequences , including both nucleotide and peptide sequences . 
As used herein , the term “ autologous ” refers to a treat- Without limitation , the term KIF11 includes reference to 

ment in which the donor cells or tissues used in the treatment SEQ ID NO : 4 , and further includes variants having at least 
are derived from the subject that is being treated with the 45 about 80 % identity therewith . 
donor cells or tissues . Accordingly , a treatment that is The term “ miRNA ” refers to a microRNA , and also may 
“ autologous to the subject , ” refers to a treatment in which be referred to herein as " miR ” . 
the donor cells or tissues derive from the subject . The term " non - coding sequence ” or “ non - coding region " 
As used herein , the term “ complementary ” refers to the refers to the portion of a gene that does not code for a 

capacity of two ( 2 ) nucleotide sequences to hybridize to 50 protein . The term without limitation refers to 5 ' untranslated 
each other through hydrogen bonding of one or more purines sequences or regions of the gene , 3 ' untranslated sequences 
with one or more pyrimidines between the two ( 2 ) nucleo- or regions of the gene , and introns of the gene . 
tide sequences . Adenine ( a purine ) has the capacity of The term “ packaging cell line ” refers to any cell line that 
hydrogen bonding to both thymine ( a pyrimidine ) and uracil can be used to express a lentiviral particle . 
( a pyrimidine ) . Guanine ( a purine ) has the capacity of 55 The term “ percent identity , ” in the context of two or more 
hydrogen bonding to cytosine ( a pyrimidine ) . The term nucleic acid or polypeptide sequences , refer to two or more 
" complementary ” includes two nucleotide sequences that sequences or subsequences that have a specified percentage 
are perfectly “ complementary ” in which each nucleobase on of nucleotides or amino acid residues that are the same , 
one nucleotide sequence is hydrogen bonded to its counter- when compared and aligned for maximum correspondence , 
part nucleobase on the other nucleotide sequence . The term 60 as measured using one of the sequence comparison algo 
" complementary ” includes two nucleotide sequences that rithms described below ( e.g. , BLASTP and BLASTN or 
are imperfectly “ complementary ” in which at least one other algorithms available to persons of skill ) or by visual 
nucleobase on one nucleotide sequence is not hydrogen inspection . Depending on the application , the percent iden 
bonded to its counterpart nucleobase on the other nucleotide tity ” can exist over a region of the sequence being compared , 
sequence . Imperfect “ complementary ” occurs when a nucle- 65 e.g. , over a functional domain , or , alternatively , exist over 
obase on one of the nucleotide sequences does not have the the full length of the two sequences to be compared . For 
capacity to hydrogen bond to its counterpart nucleobase on sequence comparison , typically one sequence acts as a 




















































































































