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CYTOMEGALOVIRUS VECTORS ELICITING T CELLS RESTRICTEBY MAJOR
HISTOCOMPATIBILITY COMPLEX E MOLECULES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority fnoUJ.S. Provisional Application
No. 62/409,840, filed on October 18, 2016, theldmare of which is incorporated herein by

reference in its entirety.

TECHNICAL FIELD

[0002] The present invention relates to the use of cyt@ioegus (CMV) vectors in
immunization, and more specifically, the generatdi cell responses characterized by MHC-E
restriction. Particular embodiments relate togheeration of CD8+ T cells that are restricted by
MHC-E.

ACKNOWLEDGEMENT OF GOVERNMENT SUPPORT

[0003] This disclosure was created with the support olthiéed States government
under the terms of grant numbers P01 Al094417 &1dAR117802, awarded by the National

Institutes of Health. The United States governniastcertain rights in this disclosure.

REFERENCE TO A SEQUENCE LISTING SUBMITTED ELECTROBWLLY VIA EFS-
WEB

[0004] The content of the electronically submitted segedisting (Name:
3919.014PC01_ST25; Size: 1,063 bytes; and Dateestion: October 18, 2017) is herein

incorporated by reference in its entirety.

SUMMARY

[0004a] In one aspect, the present disclosure refers ywoanegalovirus (CMV) vector
comprising: (a) a first nucleic acid sequence #maiodes at least one heterologous antigen; and
(b) a second nucleic acid sequence comprisingtrfitcroRNA recognition element (MRE)
operably linked to a CMV gene that is essentiawgmenting for CMV growth, wherein the

MRE silences expression in the presence of a mNfoRat is expressed by a cell of endothelial
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lineage; wherein the vector does not express aveddt 128 protein or ortholog thereof; does
not express an active UL130 protein or orthologegbg does not express an active UL146 or
ortholog thereof; and does not express an activedWlprotein or ortholog thereof.

[0004b] In another aspect, the present disclosure refarsémf the CMV or HCMV

vector as disclosed herein in the manufactureroédicament for treating cancer.

[0004c] In yet another aspect, the present disclosuresrébense of the CMV or HCMV
vector as disclosed herein in the manufactureroédicament for treating a pathogenic infection.
[0004d] In yet another aspect, the present disclosuresrébense of the CMV or HCMV
vector as disclosed herein in the manufactureroédicament for treating an autoimmune
disease or disorder.

[0004€] In yet another aspect, the present disclosuresébemethod of generating CD8+
T cells that recognize MHC-E-peptide complexes,mighod comprising: (1) the CMV or
HCMV vector as disclosed herein to be administéoeal subject in an amount effective to
generate a set of CD8+ T cells that recognize MH@2gtide complexes; (2) identifying a first
CD8+ TCR from the set of CD8+ T cells, wherein fingt CD8+ TCR recognizes a MHC-
E/heterologous antigen-derived peptide complexp(f® or more CD8+ T cells to be isolated
from the subject; and (4) transfecting the one ore@CD8+ cells with an expression vector,
wherein the expression vector comprises a nuct@tcsequence encoding a second CD8+ TCR
and a promoter operably linked to the nucleic aeiguence encoding the second CD8+ TCR,
wherein the second CD8+ TCR comprises CbBABd CDRS of the first CD8+ TCR, thereby
generating one or more transfected CD8+ T cellsrd@gnize a MHC-E/heterologous antigen-
derived peptide complex.

[0004f] In yet another aspect, the present disclosuresébemethod of generating CD8+
T cells that recognize MHC-E-peptide complexes,niehod comprising: (1) the CMV vector as
disclosed herein to be administered to a firstesttipn an amount effective to generate a set of
CD8+ T cells that recognize MHC-E/peptide complexX2sidentifying a first CD8+ TCR from
the set of CD8+ T cells, wherein the first CD8+ T&Rognizes a MHC-E/heterologous antigen-
derived peptide complex; (3) one or more CD8+Tscallbe isolated from a second subject; and
(4) transfecting the one or more CD8+T cells witheapression vector, wherein the expression
vector comprises a nucleic acid sequence encodseg@d CD8+ TCR and a promoter operably
linked to the nucleic acid sequence encoding therseCD8+ TCR, wherein the second CD8+
TCR comprises CDRBand CDR3 of the first CD8+ TCR, thereby generating one oren
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transfected CD8+ T cells that recognize a MHC-Etwbgous antigen-derived peptide
complex.

[0005] Genetically modified CMV vaccine vectors are diselbsierein. In examples of
the genetically modified CMV vaccine vectors, tlengtic modifications described herein
change the epitope targeting and Major Histocorbpigyi Complex (MHC) restriction of CD8+
T cell responses elicited by the CMV vaccine vegtorcluding the ability to elicit CD8+ T cell
responses that recognize unique epitopes restigtedll surface MHC-II and MHC-E proteins.
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The MHC-II and MHC-E-restricted CD8+ T cell respea<licited by the CMV vaccine vectors
described herein are unconventional and observetynia natural immune responses to
infectious agents. In addition, the breadth aneémoy of the MHC-II and MHC-E-restricted
CD8+ T cell responses elicited by the CMV vaccieetors described herein are not observed
with CMV vaccine vectors that are not geneticallydified. In some examples, and without
being bound by a particular theory, the inventatelve that MHC-E restricted CD8+ T cells
may exploit a lack of pathogen and tumor immunesivaadaptations to MHC-E restricted
immune responses, and that the genetically mod@id/ vaccine vectors described herein,
which may predominantly or exclusively elicit sugsponses, provide the potential for uniquely
potent vaccines against targeted pathogens andsur@mnsistent with this assumption is the
finding that only vaccines that elicit MHC-E rested CD8+ T cells protect against challenge in
a non-human primate model for AIDS. In addition, @HE has limited polymorphisms such that
protective responses that target MHC-E-restricf@tbpes are conserved among individuals.
Therefore, in some examples, the genetically medi€MV vaccine vectors described herein
elicit an MHC-E restricted T cell response thaghsred across genetically diverse individuals.
[0006] Disclosed herein are CMV vectors comprising a fistleic acid sequence that
encodes at least one heterologous antigen; antbad@ucleic acid sequence comprising a
microRNA recognition element (MRE) that silencepression in the presence of a microRNA
that is expressed by a cell of endothelial lineddie MRE is operably linked to a CMV gene
that is essential or augmenting for CMV growth. Tetors do not express: an active UL128
protein or ortholog thereof; an active UL130 proter ortholog thereof; an active UL146 protein
or ortholog thereof; or an active UL147 proteiroathologs thereof.

[0007] Also disclosed herein are CMV vectors comprisirfgst nucleic acid sequence
that encodes at least one heterologous antigestand nucleic acid sequence comprising a
MRE that silences expression in the presence ateRNA that is expressed by a cell of
endothelial lineage; and a third nucleic acid segaecomprising an MRE that silences
expression in the presence of a microRNA that pessed by a cell of myeloid lineage. The
MREs are operably linked to a CMV gene that is esaleor augmenting for CMV growth. The
vectors do not express: an active UL128 proteiorthrolog thereof; an active UL130 protein or
ortholog thereof; an active UL146 protein or ortigpthereof; or an active UL147 protein or

ortholog thereof.
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[0008] Also disclosed herein are human cytomegalovirusNINCvectors comprising a
nucleic acid sequence that encodes at least oalwjous antigen. The vectors do not express:
an active UL128 protein or ortholog thereof; anvectJL130 protein or ortholog thereof; an
active UL146 protein or ortholog thereof; or aniaelUL147 protein or ortholog thereof.

[0009] Also disclosed herein are methods of generatingnamune response to at least
one heterologous antigen in a subject. The metimvdéve administering to the subject a CMV
vector of the type disclosed herein in an amoufeicéf/e to elicit a CD8+ T cell response to the
at least one heterologous antigen. In some examgilésast 10% of the CD8+ T cells elicited by
the vector are restricted by MHC-E or an orthologréof. In additional examples, fewer than
10% of the CD8+ T cells elicited by the vector astricted by polymorphic MHC-class la or an
ortholog thereof. In alternative examples, at |&886 of the CD8+ T cells elicited by the vector
are restricted by MHC-class la or an ortholog therm yet other examples, at least 10% of the
CD8+ T cells elicited by the vector are restrichgdVIHC-II or an ortholog thereof.

[0010] The heterologous antigen of the CMV vectors disaddserein may be any
heterologous antigen, including a pathogen-speaiftgyen derived from, for example, human
immunodeficiency virus (HIV), simian immunodeficigneirus (SI1V), herpes simplex virus type
1 (HSV-1), herpes simplex virus type 2 (HSV-2) héfsaB virus, hepatitis C virus,
papillomavirus Plasmodium parasites, antflycobacterium tuberculosis. In other examples, the
heterologous antigen may be a tumor antigen ineyydor example, a tumor antigen related to
acute myelogenous leukemia, chronic myelogenoushaia, myelodysplastic syndrome, acute
lymphoblastic leukemia, chronic lymphoblastic lenke, non-Hodgkin’s lymphoma, multiple
myeloma, malignant melanoma, breast cancer, lungecaovarian cancer, prostate cancer,
pancreatic cancer, colon cancer, renal cell carc@nd germ cell tumors. In some examples,
the heterologous antigen may be a tissue-specifigen or a host self-antigen including, for
example, an antigen derived from the variable megioa T cell receptor or an antigen derived
from the variable region of a B cell receptor.

[0011] Also disclosed herein is a method of generating €D&ells that recognize
MHC-E-peptide complexes. This method involves adstaning to a first subject a CMV vector
in an amount effective to generate a set of CD8¢IIE that recognize MHC-E/peptide
complexes. The CMV vector comprises a first nuchaicl sequence encoding at least one

heterologous antigen and does not express an aditiv28 protein or ortholog thereof; an active
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UL130 protein or ortholog thereof; an active UL1g¥6tein or ortholog thereof; or an active
UL147 protein or ortholog thereof. In some examplles CMV vector further comprises a
second nucleic acid sequence comprising a MREstletces expression in the presence of a
microRNA that is expressed by a cell of endothdiiedage. The heterologous antigen can be any
antigen, including a pathogen specific antigemnadr antigen, a self-antigen, or a tissue-specific
antigen. In some examples, this method may futberprise identifying a first CD8+ T cell
receptor from the set of CD8+ T cells, whereinfiret CD8+ T cell receptor (TCR) recognizes a
MHC-E/heterologous antigen-derived peptide compliesome examples, the first CD8+ T cell
receptor is identified by DNA or RNA sequencingslime examples, this method may further
comprise transfecting one or more T cells isoldtech the first subject or a second subject with
an expression vector, wherein the expression vecioiprises a nucleic acid sequence encoding
a second CD8+ T cell receptor, wherein the secdd8+CT cell receptor comprises CD&and
CDR33 of the first CD8+ T cell receptor, thereby genieigione or more transfected CD8+ T
cells that recognize a MHC-E/heterologous antigenvdd peptide complex. In some examples,
this method may further comprise administeringtthasfected CD8+ T cells to the first or
second subject to treat a disease, such as cangathogenic infection, or an autoimmune
disease or disorder. In some examples, this mettaydfurther comprise administering the
transfected CD8+ T cells to the first or secondestttio induce an autoimmune response to a
self-antigen or a tissue-specific antigen.

[0012] Also disclosed herein is a transfected CD8+ T tbit recognizes MHC-E-
peptide complexes prepared by a process comptisegteps of: (1) administering to a first
subject a CMV vector in an amount effective to gatea set of CD8+ T cells that recognize
MHC-E/peptide complexes, (2) identifying a first DT cell receptor from the set of CD8+ T
cells, wherein the first CD8+ T cell receptor reczgs a MHC-E/heterologous antigen-derived
complex; (3) isolating one or more CD8+ T cellanfirthe first subject or a second subject; and
(4) transfecting the one or more CD8+ T cells imaldrom the first or second subject with an
expression vector, thereby creating a transfecteellfthat recognizes MHC-E-peptide
complexes. The CMV vector comprises a first nuchaici sequence encoding at least one
heterologous antigen and does not express an ativ28 protein or ortholog thereof; an active
UL130 protein or ortholog thereof; an active UL1g¥6tein or ortholog thereof; or an active
UL147 protein or ortholog thereof. In some examplles CMV vector further comprises a
second nucleic acid sequence comprising a MREstletces expression in the presence of a
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Claims

1. A cytomegalovirus (CMV) vector comprising:

€)) a first nucleic acid sequence that encodeseast|one heterologous

antigen; and

(b) a second nucleic acid sequence comprisingsarfilcroRNA recognition
element (MRE) operably linked to a CMV gene thagssential or augmenting for CMV
growth, wherein the MRE silences expression in ghesence of a microRNA that is

expressed by a cell of endothelial lineage;

wherein the vector does not express an active Ulpt@&in or ortholog thereof;
does not express an active UL130 protein or orththereof; does not express an active
UL146 or ortholog thereof; and does not expresa@ive UL147 protein or ortholog
thereof.

2. The CMV vector of claim 1, wherein the MRE sileneagression in the presence of one
or more of miR-126-3p, miR-130a, miR-210, miR-2202miR-378, miR-296, and miR-
328.

3. The CMV vector of claim 2, wherein the MRE silenagression in the presence of
miR-126-3p.

4. The CMV vector of claim 3, wherein the MRE silenthe expression of UL122 (IE2)
and UL79 in the presence of miR-126-3p.

5. The CMV vector of claim 1, further comprising:

(c)  athird nucleic acid sequence comprising @asédMRE operably linked to
a CMV gene that is essential or augmenting for Ciytdwth, wherein the MRE silences

expression in the presence of a microRNA that pessed by a cell of myeloid lineage.
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6. The CMV vector of claim 4 or claim 5, wherein thecend nucleic acid sequence
comprises an MRE that silences expression in teegnmce of one or more of miR-126-
3p, miR-130a, miR-210, miR-221/222, miR-378, miR628nd miR-328.

7. The CMV vector of claim 6, wherein the second nigckcid sequence comprises an
MRE that silences expression in the presence of 2R 3p.

8. The CMV vector of claim 6, wherein the MRE silentbs expression of UL122 (IE2)
and UL79 in the presence of miR-126-3p.

9. The CMV vector of claims 5-8, wherein the third lic acid sequence comprises an
MRE that silences expression in the presence ofoormaore of miR-142-3p, miR-223,
miR-27a, miR-652, miR-155, miR146a, miR-132, miR-2dd miR-125.

10.The CMV vector of claim 9, wherein the third nucleicid sequence comprises an MRE
that silences expression in the presence of miR3p2

11.The CMV vector of any one of claims 1-10, wherdia &t least one heterologous antigen
comprises a pathogespecific antigen, a tumor antigen, a tissgpecific antigen, or a
host selflantigen.

12.The CMV vector of claim 11, wherein the host selhtigen is an antigen derived from
the variable region of a T cell receptor (TCR) arantigen derived from the variable
region of a B cell receptor.

13.The CMV vector of claim 11, wherein the pathogenesfpeantigen is derived from a
pathogen selected from the group consisting of: dlummmunodeficiency virus, simian
immunodeficiency virus, herpes simplex virus typehkrpes simplex virus type 2,
hepatitis B virus, hepatitis C virus, papillomawyuPlasmodium parasites, and
Mycobacterium tuberculosis.

14.The CMV vector of claim 11, wherein the tumor aatigs related to a cancer selected
from the group consisting of: acute myelogenous deulk, chronic myelogenous
leukemia, myelodysplastic syndrome, acute lymphsilda leukemia, chronic
lymphoblastic leukemia, norHodgkin’s lymphoma, multiple myeloma, malignant
melanoma, breast cancer, lung cancer, ovarian cgmustate cancer, pancreatic cancetr,

colon cancer, renal cell carcinoma (RCC), and geglintumors.
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15.The CMV vector of claims 1-14, wherein the CMV wactloes not express an active
UL82 (pp71) protein, or an ortholog thereof.

16.The CMV vector of any one of claims 1-15, wherdia CMV vector does not express an
active US11 protein, or an ortholog thereof.

17.The CMV vector of any one of claims 1-16, wherdia CMV vector does not express an
active UL82 (pp71) protein or an active US11 pmoter orthologs thereof.

18.The CMV vector of any one of claims 1-17, wherdie CMV vector is a human CMV
vector (HCMV), a cynomolgus CMV (CyCMV) vector, @ rhesus CMV (RhCMV)
vector.

19.Use of the CMV or HCMV vector of any one of claimsto 11 and 15-18 in the
manufacture of a medicament for treating cancer.

20.Use of the CMV or HCMV vector of any one of claimhsl1, 13, and 15-18 in the
manufacture of a medicament for treating a path@gefection.

21.Use of the CMV or HCMV vector of any one of claimisl2 and 15-18 in the
manufacture of a medicament for treating an autaimerdisease or disorder.

22.A method of generating CD8+ T cells that recognizeC-E-peptide complexes, the
method comprising:

(1) the CMV or HCMV vector of any one of claims lafhd 11-18 to be
administered to a subject in an amount effectivgdperate a set of CD8+ T cells that
recognize MHC-E/peptide complexes;

(2) identifying a first CD8+ TCR from the set of @D T cells, wherein the
first CD8+ TCR recognizes a MHC-E/heterologousgatiiderived peptide complex;

3) one or more CD8+ T cells to be isolated from shibject; and

4) transfecting the one or more CD8+ cells with expression vector,
wherein the expression vector comprises a nucleid sequence encoding a second
CD8+ TCR and a promoter operably linked to the @chcid sequence encoding the
second CD8+ TCR, wherein the second CD8+ TCR caepiCDRa and CDR3 of the
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first CD8+ TCR, thereby generating one or more fiested CD8+ T cells that recognize

a MHC-E/heterologous antigen-derived peptide comple

23.A method of generating CD8+ T cells that recognizeC-E-peptide complexes, the

method comprising:

(2) the CMV vector of any one of claims 1-4 and1Blto be administered to
a first subject in an amount effective to geneiatget of CD8+ T cells that recognize

MHC-E/peptide complexes;

(2) identifying a first CD8+ TCR from the set of @D T cells, wherein the
first CD8+ TCR recognizes a MHC-E/heterologousgatiiderived peptide complex;

3) one or more CD8+T cells to be isolated froneeomd subject; and

4) transfecting the one or more CD8+T cells witlh expression vector,
wherein the expression vector comprises a nucleid sequence encoding a second
CD8+ TCR and a promoter operably linked to the @chcid sequence encoding the
second CD8+ TCR, wherein the second CD8+ TCR caepiCDRa and CDR3 of the
first CD8+ TCR, thereby generating one or more fieeted CD8+ T cells that recognize

a MHC-E/heterologous antigen-derived peptide comple



