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Methods and compositions enhancing survival and functionality of anti-tumor

and anti~-viral T cells

CROSS-REFERENCE TO RELATED APPLICATION
5 This application claims prionity to U.S. Provisional Application No. 62/565,820,
filed on SEP 29, 2017, the eniire content of which is hereby incorporated bv reference

heremn in its entirety.

BACKGROUND OF THE INVENTION
Technical Field of the Invention

10 L0001} The present invention relates to adoptive cell therapy using
Alkt-overexpressing immumne cells. More specifically, the Akt-overexpressing immmmne cells
can be utilized for treatment of viral infection and malignancies in lmmunosuppressive
microenvironment.

Background

15 (00023  Adoptive cell therapy {ACT) utilizing gene engineering o introduce
antigen specificity or to enbance effector functions or aurvival of wwmune cells 13 feasible
and high chinical values for treatment of chronie infections or malignancies syCe Virus- of
tumor-speciiic tnyonune cell response 15 vsually mmpaired or nussing i patienis with most
of these chronic diseases.

20 (0003} Howsver, during chronic viral infections or malignancies, there are
usually monocional T cell response detected and most of the antigen-specific T czlis
wndergo exhavistion or apoptosis rapidly after activation. It 1s often observed that the virus
ot tumor-spacific ovictoxicuty T hvraphoovtes {CTLs) undergo T-eell exhaustion due 1o
perasistent T-cell receptor (TCR}) signahng and lack of swiable co-stimudation T cell

25  exhaustion features the gradual loss of proftferative capability and cvickine production,
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ipaired cviotoxicity, surface expression of various immne checkpoints and increase of
apoplotic ratef 1, 2]

(0004} Immune checkpoints eg PD-1 and CTLA-4 are molecules
up-regulated on T cells in response to TCR signaling to modulate the extent of T-cell
activation and are highly expressed on exhausted T cells. It has been shown in several
studies that signaling through immune checkpoints on T cells can impair metabolic
reprogrammng during T-cell activation and differentiation{3-6].

(00053  The wolecular pathways by which most of the immune checkpoinis
signal reman poorly understood except that PP2ZA and SHPZ activated by PD-1 and
CTLA-4 signaling, respectively, can suppress Akt activation of T gells upon TCR
stimudation, bemng reveated{7}]

L0006}  Aktis shown to have a great influence on T-cell growth, proliferation,
and survival and also demonstrated to be a signal mtegrator for T-cell differentiation
through regulation of Foxo, mTOR and Wnt/B-catenin pathways|{8-11]. During chronic
LUMY infection, the activation of Akt and mTOR signaling in CTLs is impatred, which
results in T-cell exhaustion through PD-1 signaling m virus-specific CTLs{12].

L0007} Therefore, the present invention demonstraies that reinforcement of
ARVmTOR pathway 1o anti-viral or anp~turmsor CFLs may rescue thers from T cell
exhaustion and has the potential to be further applied on recombinant TCR technology or
chimenic antigen veceplor {CAR)Y technology [13Ho enbance the survival and effector
functions of sngingered T cells for reatinent of patients with malignancy or chromuc viral

mfaction,

SUMMARY OF INVENTION
[0008)  The present invention provides a method able to enhance survival and

functionality of anti-tumor or anu-viral T cells through overexpression of Akt molecules in
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{TLs The Aki-oversxpressmg CTLs are shown o have high proliferative capability and
supenor effector fimctions during encounder with the antigen in the lver, which suggests
that the Akt roolecules can help the CTLs o overcorne Tocell exhaustion in the inhubliory
micrognvironment. We further show expression of Akl molecules can facilitate anti-viral
and arti-turnor CTL responses e.g. prohiferation, oviokine produchion and ovioiowicity.
borgover, it enables the CTLs resistance 1o proliferative arrest imduced by MDSCs. the
expression of constiutively active Akt molecules enable T cells to gan the prividege 1o
survive and 1o kil mn the folerogenic liver or tumor microenvironmends. The active Akt
smctecules only when 1o corsbination with TCR aignaling can {rigger massive prohiferative
responss of CTLs and therefore are safe to be applied to T-cel engineering of CTLs.

L0009]  Tn one ewbodirsent. this present invention demonstrates thai the
myristoryiated Akt moolecules are able to anchor on cell membrane and can bs
phosphoryviated, After being adophive travsfer mio the recipient maee, Aktl- and Ake2-
CTL populations expand vigorously m the liver and the spleen. It indwcates overexpression
of Akt iz related {o intrahepatic survival or secondary expansion of CTLs in response (@
antigen shmudation,

(00103 T cell exhaustion featurss surface expression of various inunune
checkpomis. The tmwnune checkpoit blockade can rescue T cell exhaustion of CTLs and
further enhance the anti-tumor responses. In another embodiment, this present mnvention
demounstrated  that Akt signaling prevents the expression of wmmume checkpoints,
espectally LAG-3 and THGIT on HBV-specific CTls.

[0011]  In some embodiments, this present invention demonstrates that
Aktl/Z-engineered {TLs clear mirshepatic viral infections sfficiendly in two differsnt
models and persist and provide profective memory immunity wn the recovered mdividuals,

(0012} In some smbodiments, AkiZ-engineerad CTLs are able to eradicate



10

15

20

25

WO 2019/068066 PCT/US2018/053692

genes can be ulthzed in Tecell engineering of adopfive T-cell therapy for treatment of
hepatic chronie viral miection and malignancies since Akt signaling 1s able o reverse

Tcell exhaostion of CTLs i inununosuppressive mucrsenvirsnment,

BREIF DESCRIPTION OF THE DRAWINGS

L0013}  FIG. 1, comprising FIGS. 1A-0, depicts the HBV-specific (TLs
undergo T-cell exhaustion afier adoptive transfer into HBY carrier mice. (A} Kinetics of
serum HBeAg of AdHBV-infected mice receiving adoptive transfer of 2x10°
HBcos.100-specific CTLs. Gating (B) and quantification (C) of CD45. 1" transferred CTLs
in the liver and the spleen of HBV carrier mice at indicated time points post adoptive
transfer into AdHBV-infected mice. 5x10° in-vitro activated FHBcos.100 CD8' T cells are
adoptively transferred into CD45.2" recipient nuce infected with AJHBY. Histograms
show the expression of PD-1 (D, H, L), TIM3 (B, L, My and LAG-3 (F, J, M), on
transferred CTLs in the hiver and in the spleen of AdHBV-infected mice from day 3. 7 and
14 post adoptive transfer. The isotype control siaining is shown in solid gray histogram
whereas the specific staining is shown in open histogram. Mean fluorescence intensity
(MFI} of PD-1, TIM-3 and LAG-3 staining on endogenous CD8' T cells and on adoptively
transferred CD45.1° CD8' T cells (gating as shown in B) in the liver and in the spleen of
AdHBV-infected mice from day 3{G), 7 (&) and 14 (0} post adoptive transter of 5x1 0’
HBcosg00-specific CTLs. **P < 0.01 and ***P < 0.001 (unpaired Student’s -test).

(0014}  FIG. 2, comprising FIGS. 2A-F, depicts the regulation of intrahepatic
CTL expansion by different Akt isoforms. (A) Schematic representation of MSCV
retroviral constructs used for T-cell engineering contain 37 and 3’long terminal repeats
{LTR}), P2A linker peptide sequence {2A) (SEQ ID NGO 10), CD90. ] gene and woodchuck

hepatitis virus posttranscriptional regulatory element (WPRE). In
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pMSCV-mAktl/AktZ/Akt3-2A-CD90 1 plasmid, src myristoylation sequence {myr} (SEQ
D NG: 83 and mouse AXTT (SEGQG ID NO: 2), AKT2 (SEQG D NO: 4) or AKT3 (SEQ D
NO: 6) gene are placed upstream of 2 A sequence. (B) Transduction efficiency of in
vitrg-activated CD45.1"0OT-1 cells transduced with retroviruses carrving 2A-CD90. 1,
mAkti-2A-CDO6. 1, mAk2-2A-CDY0.1 and mAKt3-2A-CD90.1, respectively or mock. At
day 2 after transduction, the surface expression of CD90.1 as a marker for successiul
transduction is detected by flow cytometric analysis. () Westemn blot for detection of
phospho-Akt, total Akt, B~actin and phospho-86 proteins in the cell lysate of cirl, Aktl,
Akt2 and Akt3-transduced CD&' T cells. (D) Quantification of transferred CTLs in the
liver and spleen of the mice with intrahepatic expression of the cognate antigen. 1x10°
transduced OT-1 CTLs are adoptively transferred into recipient mice receiving
hydrodynamic injection (HDI) of a plasmid encoding ovalbumin and luciferase under the
control of albumin promoter one day before adoptive transfer. The liver-associated
lvmphocytes and splenocvies are isolated at day 7 after adoptive transfer and subjected to
flow cvlometric analysis of the percentage and the number of the transferred CTLs.
Kinetics of accumulation of transferred CTLs in the liver (E) and spleen (F) of the nuce
with intrahepatic expression of the cognate antigen (ovalbumin). 1x10° transduced OT-I
CTLs are adoptively transferred into recipient mice receiving HDI of a plasmid encoding
ovalbumin and luciferase under the control of albumin promoter one day before adoptive
transfer. The liver-associated lymphocytes and splenocyies are isolated at day 3, 7 and 15
and subjected to flow cvtometric analysis of the percentage and the number of the
transferred CTLs. ¥7 < 0.05, ¥*P <0.01 and *¥*P < 0.001 (umpaired Student’s r-test)
[0015]  FIG. 3. comprising FIGS. 3A-B, depicts the local expansion of
Akt2-engrafted OT-1 CTLs. (A) Kinetics of hepatic in vive bioluminescence i mice

ecetving HDI of a plasmid encoding OVA under the control of albumin promoter or a ctrl
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vector (ctrl) one day before adoptive transfer of 2A-luc-engineered {(ctrl) OT-1 or
mAkiZ-2 A-huc-engineered (Akt2) OT-I cells. The bioluminescence of individual mouse is
monitored at dayi. 4, 8, 10, 12, 15, 18 and 25 after adoptive transfer and plotied in (B).
(00163  FIG. 4, comprising FIGS. 4A-T, depicts the Akt-engineered
HBCy3.300~specific CTLs overcame T-cell exhaustion i the liver. Histograms of expression
of PD-1 (A), TIGIT (B) and LAG-3 {C) on Akt1-CD90.1- or CD9%0.1-engineerad (cirl)
CTLs before adoptive transfer. The isotype control staining 15 shown n solid gray
histogram whereas the specific staining is shown in open histogram. (I¥) Mean
fluorescence intensity (MF1) of the staining results from A-C is shown in bar graph. (E)
PD-1, (F) TIGIT and (G) LAG-3 on CB90G. 1-engineered {(ctrly CTLs and
Akt1-CD90. T-engimeered CTLs after 24-hours re~stimulation with anti-CD3/CD28 beads.
The 1sotype control staining is shown in solid gray histogram whereas the specific staining
i3 shown in open histogram. (H) MFI of the staming results from E-G 1s shown 1o bar
graph. 5x10° Akt1-CD90.1- or CD90.1-engineered (ctrl) are adoptively transferred into
CD45.2" recipient mice being infected with AJHBYV. The liver-associated lymphocy tes
and splenocytes are isolated at day 6 or day 19 post adoptive transfer and subjected to flow
cvtometric analysis of the exprassion of immune checkpoints by the transferred CTLs.
CDR'CD43 17 cells are gated and defined as transferred CTLs. Expression of imrmune
checkpoints, PD-1 (£, §), TIM-3 (M, W) and LAG3 ({3, B}, on transferred CTLs from day
6 post adoptive transfer. Expression of inwonune checkpomts, PD-1 (K L), TIM-3 (O, P)
and LAGS (8, T), on transferred CTLs from day 19 post adoptive transfer. The isotype
control staining is shown in solid gray histogram whereas the specific staiming s shown in
open histogram. MFI of the staining results are shown in J, L. N, P, Rand T. (n=3 per
group). *P <0.05, ¥*¥P < 0.01 and ***FP < 0.001 (unpaired Student’s /- test)

L0017F  FIG. %, comprising FIGS. SA-H. depicts the influence of Akt signaling
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in the expression of immune checkpoints in vifro. Histograms of expression of (A) PD-1,
(8) TIGIT and (C) LAG-3 on CD90. 1-engineered (cir) CTLs, Akt1-CD90.1- and
Akt2-CD90.1 CTLs after 3~days stmulation with anti-CD3/CD28 beads. The isotype
control staining is shown in solid gray histogram whereas the specific staining is shown in
open histogram. (I} MFI of the staining results from A-C is shown in bar graph.
Histograms of expression of (E) PD-1, (F) TIGIT and (&) LAG-3 on CD90. 1-engineered
{cirhy CTLs and Akt2-CD90. 1-engineered CTLs after 24-hours re~stimulation with
anti-CD3/CD28 beads. The isotype control staming is shown in solid gray histogram
whereas the specific staining is shown in open histogram. (H) MF1T of the staining results
from E-G is shown in bar graph. *P < 0.05, ¥*P < 0.01 and ***P < 0.001 (unpaired
Student’s /-test)

L00I8]  FIG. 6, comprising FIGS. 6A-F. depicts the Akt2-engineered
HBcosa0-specific CTLs prevent T-cell exhaustion in a persisient HBV mouse model.
2x10° Ak2-CD90.1- or (D90, 1-engineered (cirl) is adoptively transferred into CD45.2"
recipient mice nfected with AJHBY. The hiver-associated vrophocytes and splenocyies
are isolated at day 19 post adoptive transfer and subjected to flow cytometric analysis of
the expression levels of tmymune checkpoints. Histograms of expression of PD-1 (&),
TIM-3 (C) and TIGIT (B} on transferred CTLs in the spleen or Hiver of recipient mice at
day 19 post adoptive transfer. The isotype control staining is shown in sohid gray
histogram whereas the specific staining is shown in open hustograr. MFI of the staining
results is shown in B, B and F. (0=3 per group). *F < 0.05, **P < (.01 and ***F < 0.001
{unpaired Stadent’s /- test)

(0019} FIG. 7, comprising FIGS. 7A-O, depicts the Akt-engineered
HBcos.100-specific CTLs developed protective immunity against HBV in a persistent HBV

mouse model. Gating (A) and gquantification (B, C) of CD45.1" transferred CTLs in the
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liver and the spleen of HBYVY carrier mice at day 6 (B) or day 19 () post adoptive transfer
inio AdHBV-infected mice. Sx10° Akt1-CDY0. 1- or CD90. 1-engineered (ctrl) are
adoptively transferred into CD45.2" recipient mice being infected with AJHBV 2.5
months ago. The liver-associated lvmphocytes and splenocytes are isolated at day 6 or day
19 post adoptive transfer and subjected to flow cviometric analysis of the percentage and
the number of the transferred CTLs. CD8'CD45.1" cells are gated and defined as
transferred CTLs. () Kinetics of serum HBeAg of recipient mice as in . (F) Kinetics of
serum ALT of recipient mice as in €. () Hematoxylin-and-eosin staining of the liver
tissues from B. Immunohistochemical analysis of HBcAg (G), cleaved caspase 3 (H).
Gr-1 {}) and CD45.1 (J) in the liver from B. (K) Hematoxylin-and-eosin staining of the
liver tissues from €. Immunohistochemical analysis of HBcAg (L), cleaved caspase 3 (M),
Gr-1 (N and CD45.1 (O} in the hiver from €. (n=3-4 per group). P <0.03, ¥*P <0.01
and ***P < 0,001 (unpatred Student’s 7~ test). Scale bars, 100 or 40 pm.

(0020}  FIG. 8, comprising FIGS. 8A-D, depicts the Akt2-engineered
HBcos.100-specific CTLs develope protective immumity against HBV in a persistent HBV
mouse model. Gating (A) and quantification (B) of CD45.1" transferred C'TLs in the liver
and the spleen of HBV carrier mice at day 19 post adoptive transfer into AdHBV-infected
mice. 2x10° AkiZ-CD90.1- or CDYO. L-engineered {ctrl) HBCys.190-specific C'Tls are
adoptively transferred into CD45.2" recipient mice infected with AJHBV. The
liver-associated lvmphocvies and splenocyies are isolated day 19 post adoptive transter
and subjected to flow cvtometric analysis of the percentage and the number of the
transferred CTLs. CD8'CD45.1" cells are gated and defined as transferred CTLs. (C)
Kinetics of serum ALT of recipient mice as in B. (D) Kinetics of serum HBeAg of
recipient mice as in B. *2 <0.05, *¥*¥P <0.01 and ***P < 0,001 (unpaired Student’s 7~ test)

L0021  FIG. 9, comprising FIGS. 9A-D, depicts the cytokine production in
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HBV-specific CTLs after adoptive transfer into HBV carrigr mice. (A) Zebra plots of
miracellular expression of IFN-y and TNF-a in adoptively transferred HBV-specific CTLs.
5%10° Akt1-CD90.1- or CD90. 1-engineered (ctrl) HBcys.100~specific CTLs are adoptively
transferred into CD45.2" recipient mice infected with AJHBV. The liver-associated
lviaphocvtes and splenocytes are isolated at day 19 post adoptive transfer and subjected to
re-stimulation with HBcos.00 peptides for 6 hours, which s followed by staining of surface
markers and mtracellular cvtokines and flow cytometric analvsis of the percentage of the
cvtokine-secreting CTLs. UD8'CD45.1" cells are gated and defined as transferred CTLs.
(B) Bar graph of the percentage of IFN-y-secreting CTLs (SP} and the percentage of CTLs
secreting both IFN-y and TNF-a (DP). () Zebra plots of intracelludar expression of TFN-y
and TNF-a in adoptively transferred HB V-specific CTLs. 5x10° Akt2-CD90.1- or
CD90.1-engineered (cirl} HBcu.jop-specific CTLs are adoptively transferred into CD45.2°
recipient mice infected with AJHBY. The hiver-associated ymphocytes and splenocyies
are isolated at day 19 post adoptive transfer and subjected to re~-stimulation with HBcgs. 100
peptides for 6 hours, which is followed by staining of surface markers and miracellular
cvtokines and flow cytometric analysis of the percentage of the cytokine-secreting CTLs.
CDR'CD45.1 cells are gated and defined as transferred CTLs. (IF) Bar graph of the
percentage of IFN-y-secreting CTLs {SP} and the percentage of C'TLs secreting both IFN-y
and TNF-o (DP). *P <0.05, ¥**P < (.01 and ***P < 0.001 (unpaired Student’s - test)
(00223  FIG. 18, comprising FIGS. 10A-J, depicts the Akt signaling facilitates
antigen-dependent expansion of CTLs and the antigen clearance in the liver. (A} The
percentage of bioluminescence-positive mice equivalent to OV A-positive mice at
indicated time points. Kinetics of accumlation of transferred CTLs in the liver (B) and
spleen () of the mice with intrahepatic expression of the cognate antigen (ovalbumin).

1x10° transduced OT-1 CTLs were adoptively transferred into recipient mice receiving
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hydrodynamic injection (HD1) of a plasmid encoding ovalbumin and luciferase under the
control of atbumin promoter one day before adoptive transfer. The liver-associated
tymphocytes and splenocyles were isolated at day 3. 7 and 14 and subjected to flow
cvtometric analysis of the percentage and the mumber of the transferred CTLs. (B)
Kinetics of serum ALT in OV A-Luc-positive mice receiving adoptive transfer of 1x10°
2A-CD90. 1-engrafied (ctrl) or mAkil-2ZA-CD90 1-engrafied (Aktl) OT- cells. (E, F)
Kinetics of accumulation of transferred CTLs in the hiver (E) and spleen (F) of the mice as
in A. The liver-associated lvmphocytes and splenocvies were isolated at day 7, 30 and 63
and subjected to flow cytometric analysis of the percentage and the number of the
transferred CTLs. (G) Hematoxylin-and-eosin staining of the liver fissues from E. (H) A
representative histogram of BrdU-staining of Aktl-engrafted OT-1 CTLs at day 7 and day
63 after adoptive transfer into OV A-Luc-positive recipient mice. (£} Frequency of BrdU'
transferred Akil-engrafted OT-I CTLs at day 7 and day 63 after adoptive transfer into
OV A-Luc-positive recipient mice. The recipient mice were given 1 mg BrdU via
miraperitoneal injection at day 6 or day 62 after adoptive transfer. The liver-associated
lymphocytes and splenocyles were isolated at day 7 and 63 and subjected to flow
cvtometric analysis of the percentage the BrdU transferred CTLs. (&)
Inmmunochustochemical analysis of Ki-67 in the liver of OV A-Luc~positive mice receiving
adoptive transfer of 2A-CD90. 1-engrafted (ctrl) or mAkt1-2A-CDY0.1-engrafted (Akt1)
OT-1 cells. The hiver was collected at day 7, day 32 and day 63 after adoptive transfer of
1x10° OT-1 CTLs. Scale bars, 40pm, *P < 0.05, **+P < 0.01 and ***P < 0.001 {(unpaired
Student’s t-test}, Scale bars, 100 or 40 um.

[0023F  FIG. 11 depicts in vivo bioluminescence of mice infected with
Ad-Albp-OL. C57BL/6 mice are infected with a recornbinant adenovirus carrving genes

expressing ovalbumin and luciferase under the control of albumin promoter at different

10
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viral doses. The infected mice are monitored for the luciferase expression in the fiver by
IVIS at indicated time points after infection.

[00243  FIG. 12, comprising FIGS. 12A-G. depicts the menory responses of
Alt-engineered CD8' T cells. (A) Experimental scherme of re-call response of
Akt-engrafied CTLs. (B) The level of serum ALT in the mice recetving adenovirus
carrving OVA and luciferase ORFs under the control of albumin promoter {(Ad-Albp-OL}
and control (ctrl) or Aktl-engrafted OT-1'T cells (1x107) at indicated time points post
adoptive T cell transfer. {C) The in vivo bioluminescence in mice receiving Ad-Albp-OL,
adoptive T cell transfer and hydrodvnamic injection (HDI} of a plasmud encoding OVA
and luctferase under the control of albumin promoter (pENTRY-Albp-OL} at day 60 after
adoptive transfer. () Quantification of transferred CTLs in the liver and spleen of the
mice receiving Ad-Albp-OL infection and adoptive transfer of cirl ZA-CD90.1 engrafted
OT-I or Aktl-engratted OT-1 followed by HDI of pENTRY-Albp-OL. at day 60 after
adoptive transfer. The liver-associated lvmphocvies and splenocytes were isolated at day 7
afier HDI and subjected to flow cvtometric analysis of the number of the transferred CTLs.
(£} Hematoxylin-and-eosin staining of the liver tissuas from . (F) Immunohistochemical
analysis of CD8 in the hiver from B {G) Immumohisiochemical analysis of Gr-1 in the
fiver from B *F <0.05, ¥*2 <0.01 and ***P < 0.001 (unpaired Student’s /-test), Scale
bars, 100 or 40 pm.

L0025}  FIG. 13, comprising FIGS. 13A-F, depicts the memory responses of
Alt-engineered (D&’ T cells. Mice are infected with Ad-Albp-OL, and receive adoptive T
cell transfer and HDI of a plasmid encoding OVA and luciferase under the control of
albunin promoter {pENTRY-Albp-OL) at day 64 after adoptive transfer. Quantification of
(A) transferred CTLs. (B) CD11b'NK1.1" myeloid cells, (C) NK1.17CD3 NK cells and

(D) NK1.1'CD3" NKT cells in the liver and spleen of the mice receiving Ad-Albp-OL

1t
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infection and adoptive transter of ctrf 2A-CD90.1, Aktl or Ak{2 engrafted OT-1 CTLs. The
liver-associated leukocytes and splenocyies are 1solated at day 7 after adoptive transfer
and subjected to flow cytometric analysis of the number of cells. {E) The leval of serum
ALT in the mice receiving Ad-Albp-OL and ctrl or Akt2-engrafted OT-I T cells (1x10°) at
ndicated ime points post adoptive T cell transfer. (F) The in vivo bioluminescence in
mice recetving Ad-Albp-OL, adoptive T cell transfer and HDI of a plasmud encoding OVA
and luciferase under the control of albumin promoter (pENTRY-Albp-OL) at day 64 after
adoptive transfer. *P < 0.05, **P < 0.01 and ***F < 0.001 (unpaired Student’s r-test)

(0026} FIG. 14, comprising FIGS. 14A-C, depicts the influence of
Akt-engineerad CTLs in HCC tumor microenvironment. Immunohistochenucal analysis of
CD38 (A), F4/80 (B), and cleaved caspase 3 {{) in the hiver/tumor of HCC-bearing mice.
The HCC development is induced by oncogenes, Akt and N-RasV12 delivered by HDIL At
day 31 after HCC induction, the mice are injected with 2x10° Akt2-engrafted OT-I TCR ig
CTLs which could recognize an ntroduced tinmor antigen on tumor cells or not (cirl). The
tiver/tumor tissues are collecied at day 10 after adoptive transfer.

(0027}  FIG. 15, comprising FIGS. 15A-D, depicts the anti-tumor capability of
Alt-enginesred CTLs. The HCC development is induced by oncogenes, Akt and
N-RasV12 delivered by HDI. The growth of HCC in mice is monitored by IVIS and the
mice with the total flux greater than 10 photons/sec are used as recipients receiving
adoptive T cell therapy. The mice are injected with 2x10° ctrl-, Aktl- and Akt2-engrafted
HBcCos.10e-specific CTLs, respectively, which can recognize a surrogate tumor antigen on
tumor cells. {A) The in vivo bioluminescence of the mice before and after receiving
adoptive T cell transfer. The hiver/tumor tissues are collected from mice receiving (B)
cirt~engineered CTLs, (C) Aktl-engineered CTLs or (B) Akt2-engineered CTls at day 19

after adoptive transfer. *F < 0.05, **P < 0.01 and ***F < 0.001 {unpaired Student’s #- test)
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[0028F  FIG. 16, comprising FIGS. 16A-L, depicts the improved
tumor-specific proliferation, cytokine production and cviotoxicity of CAR T cells through
overexpression of Akt molecules. {A) Schematic representation of MSCV retroviral
constructs used for T-cell engineering contain 57 and 3 long terminal repeais (LTR), P2ZA
linker peptide sequence {2A) and woodchuck hepatitis virus posttranscriptional regulatory
element (WPRE}. In pMSCV-mAkt1/Aki2-2ZA-CAR plasmid, sre myristoylation sequence
{myr) and mouse 4AK77 or AK72 gene are placed upstream of 2A sequence, followed by
chimeric antigen receptor (CAR) ORF e g. anti-HBs CAR (8-CAR) and anti-CEA CAR.
In pMSCV-hAkt] /hAki2-2A-CAR plasmids, the mouse AK77 or AKTZ gene is replaced
by human AKT7 or AKT2 gene. (B) Proliferation of Aktl-engrafted {mAkt1), anti-CEA
C AR-engrafted (antiCEA) and Aki1-2A-anti-CEA CAR (mAktl-amtiCEA)Y CD4 " or CD8'
T cells. /n vitro-activated mouse CD3" T cells transduce with retroviruses carrying
mAktl/mAki2-2A-CDS0 1, anti-CEA CAR or mAKi/mAKZ-2A-anti-CEA CAR ORE
respectively are co-cultured with LS174T cells. EQU incorporation and detection are
applied to monitor the DNA synthesis of the T cells during 22 howrs to 28 hours after
co-culture. {C, E} IFNy and (B, F) IL-2 in the supernatant of the co-culture are detected by
ELISA. (G, ) Intracellular IFNy and (H, J) granzyme B staining of the CTLs from the
co-culture with L81747T cells for 1 day. (K) Proliferation capability of CTLs in the
presence of MDSCs. 2A-CD90.1-engrafted {ctrl} or mAkt1-2A-CD90. 1-engrafted OT-1
CTLs are re-stimulated with anti-CD3+anti-CD28 beads in the presence of different
numbers of MDSCs derived from EL4-tumor-bearing mice. (L} Proliferation capability of
CTLs in the presence of MDSCs. 2A-CD90. 1 -engrafled {ctrl) or
mAki2-2A-CD90. 1-engrafied HBcos 100 specific CTLs are re-stimulated with
anti~-CD3+anti-CD28 beads in the presence of different mumbers of MDSCs denved {rom

mouse HCC tumor mass. E4U incorporation and detection are performed to monitor the



10

15

20

25

WO 2019/068066 PCT/US2018/053692

DN A synthesis of the T cells during 22 hours to 28 hours after co-culture.  *F < 0.05,
¥#P < 0.01 and P < 0.001 {unpaired Stadent’s f-test)
DETAILED DESCRIPTION OF THE INVENTION

[00293  Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as comumnonly understood by a person skilled  the art to which
this invention belongs.

(0030  As used herein, the term “OT-T cell” refers to a transgenic line of
ovalbumin-specific, CD8" T cell. The transgenic T cell receptor was designed o recognize
ovalbumin residues 257-264 in the context of H-2K® and used 1o study the role of peptides
in positive selection and the response of CD&' T cells to antigen.

(0031  As used herein, the term “AdHBV™ refers to the adenovirus carrying
HBYVY genome. HBV-infected mouse model can be established by hvdrodynamic injection
{HDD) of the HBV genome into the tail vein,

[0032]  As used herein. the term “HBcAg” refers to a hepatitis B viral protein,
which is an antigen that can be found on the surface of the nucleocapsid core of the
hepatitis B virus.

L0033}  As used herein, the term “HBeAg” refers to a hepatitis B viral protein,
which 15 an antigen that can be detected in the serurmn of nuce with HBV infection
established by AdHBY nfection or HPI of a plasmid harboring the HBV genome..

(0034} The DNA or RNA molecules in this present invention can be
amplified through plasmid amplification, in virro transcription or i vifro synthesis and
transtected into target cells through electroporation, liposome or other chemical vehicles.

(0035}  The aforementioned target cells for genetic modification can be T cells,
nature killer cells, hematopoietic stem cells, embryonic stem cells and pluripotent stem

cells from various species. These cells can be modified by viral transduction or DNA {or
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RNA) transfection.

L0036]  The recombinant viral or transposon vectors can be retroviruses,
lentiviruses, adenoviruses, adenoc-associated viruses, other relaied viruses and various
transposon systems can be used in transduction or integration of transgenes.

[0037F  To investigate the mechanism of how liver microenvironment can
mflugnce secondary expansion of wvirus-specific CTL population m the liver, in
vitro-activated HBY specific (DR T cells are adoptively transferred into HBY carrier
mmice and the change of the serom level of HBY antigen in these mice i3 detected. I 18
found that wost of the mace faled to ehivvnate persistent HBY mfection within 42 days.
The cell number and exprassion level of exhaustion markers mcluding PD-1, TIM-3, and
LAG-3 on the adoptively transferred CTLa i the bver and 1o the spleen of the HBVY
carrier mice are further detacied. The cell number of adoptively trapsferred HBV-specific
CTLs mereases in the Bver but not 1o the spleen. The HBV-epecific UTLs in both the liver
and the sploen express higher levels of PI3-1 and LAG-3 than endogenous CDS™ T cells;
however, the splenic HBV-specific CUTLs exprese lower levels of PD-1, TIM-3 and LAG-3
than wmirahepatic coropartments. Those results demwounstrate that the exposure to HBVY
antigens expressed in the hiver wnucroenvironment induces Tecell exhausiion of
HBV-specific CTLs,

(0038 The immune checkpoints PD-1 and CTLA-4 are shown to pravent Akt
phosphorvigtion/activation dunng TCR triggering through recrutment of SHP-1/2 and
activation of PPZA, respectively. We therefors examine whether Akt signaling 13 critieal 1o
intrahepatic expansion and differentiation of CDE" T cells. Mouse AKT/, AKT2 and AKTS
genes are cloned, raspecuvely, with addition of sre mwristoviation sequence in the
upstream of AKT genes to ensure the membrane targeting and being constitutively acive

of the Akt molecules. The expression of gxogencus mwristoviated Akt isoforms ars
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detected by Wastern blot m Akt-engineered CTLs but not in the condrol T cells. UTLs are
engratted with three dilferent binds of Ak, respectively, all show Akt phosphorviation at
Serd73 and ondy those are engrafied with ARt or AKI2 show Akt phosphorvigtion at
Thr3as,

[0039F  To exarsing whether overespression of Akt is related to intrahepatic
survival or secondary expansion of CTLs in response lo antigen stimolation, the
ovalbumin {(OVA) and luciferase expression are induced n the liver of recipent mice by
hydrodvnamic mmjection (HD) of a plasnud encoding OVA and luciferase. After being
adoptive ransfer joto the recipient mace, Aktl- and AK2- engineered CTL populations
expandd vigorousty in the liver and the spieen. There is more than Z50,000-fold for Aktd
CTLs and 950.000-fold for AKZ-CTLs cell mmunbers found in the hiver in comparison with
that of ¢irl-CTLs at day 7 after adopiive transter,

(0040} Owing to the huge comiribution of bumune checlpoinds on Tgell
exhaustion in the lUver dunng chronie viral mifection, the wverdors thercfore examine
whether Akt signaling have an influence the expression of mmune checkpoint molecudes
on HBV-speaific CTLs per se. Alfter im-vifro activation and fransduction, the Akt~ or
ctil-enginesred HBCsyguespecific {TLs are adoptively transferred inlo AdHBV-infectad
mace and analvzed the surface expression of wruwoune checkpont roclecules an the CTLs at
day & and day 19 after adoptive transter. Hepatic ctrd-CThLs expressed lgh level of PD-1,
TiM-3 and LAG-3 at day 19 after adoptive transter, whereas Akt -CThs and Aki2-CTls
expressed significantly fess PD-1, TIM-3 and LAG-3 at day 19 post adoptive transfer

(00417  To further nvestigate whether these AK-CTLs can overcome the
suppressive mechamsms m the hiver and mediate clearance of persistent HBY infection,
the cirl~ or Akit-enginsered HBGs e-speciiic UTLs are adoptively transterred into HBY

carrier mice Akti-CThs bt not ctrl-CUTLs slinunate persistent HBY mfection within 14

16



10

20

25

WO 2019/068066 PCT/US2018/053692

days after being adoptive transferred into HBY carrer mice. The Akt!-CTLs are mainly m
the liver rather than m the spleen and disperse o the spleen after antigen dearance. There
are less HBcAg-posiive hepatoovies but more cleaved caspase 3-positive apopiofic
hepatocyies detected w the hver of muce receiving Akt1-CTLs than in the Hver of nuce
recerving oir-CThs, Afler clearance of antigen, the wononuclear cells reduce and
HBcAg-postiive hepatocytss as well as cleaved caspase 3-positive hepatocvies are no
tonger detected i the bver of mitce recerving Akt1-CTLs The oil-CTLs faid o clear HBYV
and do not induce sigruficant inflaromation after being adoptively trapsferred into HBY
carrier mice. AKI2-CTLs expand vigorously when encountering the cognate antigen i vive,
and prevent Foell from exhaustion. Also, AkiZ-CUTlLs exiubit strong cytotoxic funciion
and are more efficient to clear HBY infection than el CTLs.

(00423  The capability of Akt-engineersd CTLs in killing of hepatocellular
carcinoma (FICCY i further examined. The tumor antigen-specific AkiZ-engrafted CDR'
CTLs can accumulate i the tumor sites as well as in the liver at day 10 after adoptive
transfer mio HOC-bearing mice These AtZ2-CTLs change the tumor micrognvironinent
and to attract or activate the surrounding F4/80" roacrophages in tumor sties. Furthermore,
a lot of cleaved caspase 3-positive tumor cells are detected in the mice receiving
ARZ-CTLs but not in o) nuce. Elevated serum ALT in the mice with AkiZ-CTLs 18 also
cheerved but not in cirl mice (1181 U/L va 228 U/LY It can be concluded that AkZ
activation enables CTLs to have strong effecior functions and he gble to kil turor cells
the liver Thig g probably through {TLs” own oviotoxic capability or throogh releass of
evtokines to activate the anti~-tumor functions of tumor-associated macrophages.

[0043F  To further explore the potential application of Akt molecules on cancer
vnrpunotherapy, the plasroids carrving hursan or mouse Akt or AKE2 genes and anti-CEA

{Carcinosmbrvonic antigen) clumeric antigen racepior (CAR) are construcied. {EA are
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glvcosyl phosphatdy] inositol {GP) celi-surface-anchored elveoproteins and are critical to
the dissermnation of colon carcwnoma cells, The modified CTLs are co-cultured with g
colorectal adenocarcinoma cell lne, LS174T Both €047 and CDRT T cells with the
engraftment of anti-CEA CAR can respond to stimudation of L1747 and proliferate.
5  Additional active Akl expression i anti-UEA CAR engralied T cells can promote the
proliferation capability of both €047 and CDR' T cells. More IL-2 and IFNy are detected
n the culture mediurg of co~culture of LS1747 cell hne with T cells expressing anti-CEA
CAR and Akt? or AktZ molecoles compared fo that of L1747 and T cells expressing
solely anti-£EA CAR. Intraceliutar stairung of IFNy and granzvime B of the CBR™ T celis
10 co-culture with LS1747T cells also proves that Altl or AldZ overexpression can enhance
the oviokine production  and  coviotoxicity i CTLs Sirkingly, Akl and
AktZ-overexpressing CTLs, respectivaly are shown 1o have the capability o overcome the
proliferative arvest induced by myveloid-derived suppressor cells (MDSCs), which strongly
suggesis that the potential application of Akt molecules on T-cell enginesrning technology
15 eg CART celle for urmnunotherapy,
L0044} The following examples are offered by way of tllustration and not by
way of Hmitation. The mAk! isoforms are withized in the mouse model as a demonsiration
i this present mvention, but1s not intended 1o luvet the scope of the jovention,
[0045F  Example 1: Cyiotoxic T lvmphocyies underge exhaustion in the
20 liver
(00463  fn vitro-activated CD45.1 HBoywy i specific UDE T cells are
adoptively transferred mio congenie CS7BL/S muce infected with the adenovinus carrving
HBY genome (AGHBVYY, and the change of the serum {eveal of HBeAg mn thess nuce is
detected. It 13 found that most of the mice faded 1o elivoimate persistent HBY jofection

25 within 42 davs {FIG LA
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[0047F  The cell number and expression leval of exhaustion markers are
further detected, which mcluding PD-1, TIM-3, and LAG-3 on the adoptively transferrad
CHhs in the hver and in the spleen of the HBY carvier nuce gt day 3, day 7 and day 14
post adoptive transfer. The call nomber of adoptively transferred HBV-specific CTLs
mereases from day 3 (o day 14 i the Uver but not m the spleen (FIGS . 18 and 10},

[0048F  Endogencus UDE T cells are wsed as a reference population for
svaluation of the expression level of these exhaustion markers on HBV-specific CTLs The
HBV-specific CTLs in both the Hver and the splesn express higher tevels of PD-1 and
LAG-3 than endogenous CDR' T eells but no or Hule TIM-3 at day 3 and day 7 post
adoptive {ransfer (FIGS 1D-1K).

L0049]  The splenic HBV-spocific CTLs express lower levels of PI-1 and
LAG-3 than mirshepatic compartments at all time pownts (FIGS, iB-10). The
HBV-specific CTLs gradually express TIM-3 after adophive transfer and reach o a hugher
fevel of expression than endogenous CD' T cells at day 14 in the liver but not the splean
(FIGR 15, 15, 15 1K, 1R and 1)

L0050}  Example 2: Expression of constitutively active Akt isoforms in
s

(00513  Murine stem cell retroviral (MSCVY system is chosen for delivery of
genes into T lymphocyies dus to s high efficiency to iransduce hematopoistic cell
tineages. A pMSCV-CD90.1 plasuid 1 generated from a replacement of hygromyein
resistance gene by pZA peptide sequence and mouse CDSG 1 open reading frame (ORF)
with the woodchuck hepatitis virgs postrarsenptional regulatory element (WPRE  inthe 37
wiiransiated region of (%0, 7 gene to enhance the expression of the transgenes. The
0901 gene and WPRE sequence are amplifted from pLEO TRC024 plasmud (RNAJ

core lab, Taipei, Taiwan) Mouse 4K77 (SEQ ID NG 1), AKTZ (8EQ ID NO: 3) and
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AKT3 (SEQ ID NO: 5) genes are cloned, respectively, through PCR using cDNA from
wiouse 411 breast cancer cells with addition of sre mynistoviation sequence by PCR prime
n the upsireant of ART geones o ensure the membrane targeting and being constitutively
active of the Akt wmolecnles. The myvnstoviation sequence and AKT genes are hnked,
respectively, 1o mouse CDY0. 7 gene by p2A pepiide sequence n pMECV-CI%0.1 1o result
i pMSCY-mAkt-CEo0 1, pMECV-mARZ-CD2%0.1 and pMSCY-maAkt3- L0901 The
expression cassette 1 flanked by 57 and 37 MSCV long ternunal repeats (LTRsY The 4
plasnuds are used to produce recombinant refroviruses carrving mwouse AKT!, ARTZ
AKT3 or control 00,1 gene, respectively (FIG. 243,

(0052}  Spienic ovatbunun-specific TCR 1o OT-F DR T calls are activated by
anti-CD3+ant-CDEE beads, subsequently ransdoced by recorabinant retroviruses and are
subjected to surface marker stamning using andthody recogruzing CDP0 1 as a fag for
fransgene expression followed by flow cviomeine anabysis, Around 75% to 958% of the
effector CR'T cells are transduced with refroviruses carrving (96 §, AKTICD90.1 or
ARTZ2-CD9G T gene, positive for CDU0 L, whereas only 239 of the cells are transduced
with retroviruses carrving AKY3-CO90 § gene expressed low leval of CIO0. 1 (FIG 2B}

L0053} It has been shown that the expression patterns of the three Akt
isaforms are different. Akt (SEQ 1D NO: 1) and AktZ (SEQ ID NO: 3) are ubiguitously
expressed in nearly all ussues whereas Aki3 (SEQ ID NQO: 5) are mainly expressed
brain and iestes. The tissue speaific expression manner of Akt isoforms may evplaim the
low expression of A3 by the UD&' T cells. The expression of exogenous myrisioviated
Akt soforms 1o detected by Wesiern blot in Akt-enginesred CTLs but not in the control T
cefls. CTLs engrafted with three different kinds of Alg, respectively, all show Akt
vhosphorviation at 8erd73 and onlv those which are engrafied with Aktl or Ak{Z show Akt

phosphoryiation at The308 (FIG. 2C.
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(0054  Example 3: Akt signaling facilitates antigen-dependent expansion
of {FLs in the Heer

L00553  Ovaibumin {OVA)Y and luciferase expression are induced in the liver of
recipient mice by hvdrodvnamic miection (HDM} of a plasmid encoding OVA and
fuciferase under the control of aslbunun promoter (PENTRY-Albp-OL) After baing
adoptive ransfer info the recipient mice, Aktl- and AkiZ- but not Aki3-enginegred {TL or
CD00 1 -engineered {oitl) populations expanded vigorously 1o the Hver and the spleen,

(0056} These Akil- or ARZ-CTLs underwent vigorous proliferation and
vigided 23 mullion (ARLTY and 113 mallion (AKE2) splenic and wnirshepatic {TLe n fotal,
respectively, after antigen stimuldation i the liver (FIG. 2D} despite that there only 0.1
million activated CD3" T cells are originaily injected into the recipient mice Most of the
ctri {TLs disappear afler adoptive transfer probably due o the lack of co-stimulation.
arowth signals or the suppressive Rver microenvironment.

[0057F The massive expansion of Aktl- or Akt-2-OT- (TLs is further
confirmed in a time kinetic experiment (FIGS. 2E and 2F). Aki2-CTLs are found 1o be
more potent 1n expansion in the hiver and in the spleen than ctrl- or Akt1-CTLs (FIGS.
2D-F). Moreover, Akti-CTLs preferentially locate in the liver rather than the spleen (FIGS.
2D-F).

[0058]  Therefore, Akt constructs with co-expression of luciferase instead of
CD90.1 are designed for monitoring the distribution and expansion of Akt-engineered
CTLs. Control {ctrly Luc-CTLs and Akt2-Luc-CTLs are delivered respectively, to mice
with or without OVA expression in their livers and only observed TCR
signaling-dependent Akt2-Luc-CTL accumulation in the liver but not in other organs or in
mice without antigen expression in the hver (FIG. 3). which suggests that signaling

through constitutively active Akt can assist massive CTL expansion only in combination
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with TCR triggering and these Akt-UTLs undergo T-cell contraction after the clearance of
antigen. Again, the ctrl CTLs fail to expand in respond to antigen stimulation in the liver
(FIG. 3).

(00593 Example 4: Akt signaling suppresses the expression of immane
checkpoint molernie on CF s

[O060F  After mevitro activation and transduction, HBos jee-specific €8 T
celis at dav 3 after activation are analyzed for their surface expression of various immune
checkpomts. The overexpression of constifutively active Aktl/2 does not change the
surface expression of P and TIGHT (FIGS 44 48 and 45, FIGS 84, 5B and 85,
however, 1t significantly reduces the expression of LAG-3 on the surface of Akii- and
AK2-CTLs (FIGS. 40 and 48, FIGS. 8¢C and 513},

[00613  These C'TLs at day 3 after ant-{'D3/an0-CD28 bead sctivation mav
have retumed 1o resting statue with low or no expression of pwmone checkponis e g, PD-1
and TIGIT except LAG-3. Therefore, the expression level of these iranwme checkpoinds on
CTLs after re-stimulation is measured. Hxpression of PE-1 s rapidly detected on orl-,
Altl- and AkIZ-CTLs (FIGS. 4E and 4H. FIGS. 8E and 8H) and shighily higher on
ARE-CTLs than ctrl-CTLs (FIGS. 4E and 4H) Howsver, the sxpression of PB-1 on
AKZ-CTs s lower than oiel-CThs (FIGS. 8K and SH). Notably, the Aktl- or AKZ-CTLs
mariain relatively lower expression of LAG-3 and TIGIT than ob{TLs after
re~sitroulation with anti-CD3/CD2S beads for 24 hours (FIGS. 4F-H, FIGS 8F-H)

(00623  To further investigate whether the regulation of immune checkpoints
on CTLs by Akt signaling also happens io hver wmicroenvironment, the Aktl- or
cirh-engineerad HBgy: pe-spacific CTLs are adopuively transterred mio AdHBV-infecied
mice and analyzed the surface expression of imomune checkpoint molecides on the CTLs at

dav ¢ and dav 19 after adoptive transfer The expression patierns of sach exanuned
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imnmuee checkpoints are quife different. Both intrahepatic Aktl- and ctri-enginesred {Tls
at day © after adoptive transfer express lugh level of PD-1 when encountering the cognate
antigen it the hiver, but the PO-1 expression 1s down regulated n the Alt1-CTLs at day 19
after adoptive transter (FIGS, 48-1L).

[0063F At day 6 after exposure to HBY, a ceriain proportion of the hepatic
Akt1-{UTLs expressed high level of TIM-3, whereas splenic {TLs and ¢ctrl-CTLs m liver
express iower fevel of TIM-3 af this pme point, whech suggests a strongar TCR triggering
i ARE-CTLs than m orl-COTLs {FIGS . 43 and 4Ny However, during day 6 1o day 19, the
expression of TIM-3 decreases in hepatic Akt1-CTLs, whereas i increases dramatically
the cirl-CTLs in liver but not in the CTLS in apleen (FIGH. 43P}

L0064]  Fepatic eirl-CTLs express high level of LAG-3 at both day 6 and dav
19 after adoptive transfer, whereas Aktl1-CTLs express {ess LAG-3 on thetr swrface during
the whole period (FIGS. 4R-T). AK2-CTLs also show dramatic down-regutation of PD-1,
TiM-3 and THAHT (FIG &)

[O065F  These in-vires and in-vive data clearly demonsirate that Akt signaling
possesses very few mfluence on PD-1 expression but positively regulates TIM-3
expression on {TLs donng early TCR signaling. We further prove that angmentation of
Akt signaling prevents the expression of LAG-3 and THGIT on CTls i the hiver duning
persisient HBY infection, which may contribute the robust expansion and potent effector
fmetions of Aki-CTLs agamnst HBY.

(00663  The higher expression of PD-1 and TIM-3 on AK-CTLs than on
ctib-CThs after re-stuvudation in viro and in vive strongly sugeests a stronger TCR
triggerng i AKR-CTLs than that in otrl-CTLs and alse excludes the lack of antigen
stuvndation at thus early time point, which results i down-regulation of LAG-3 and TIGIT

The garly expression of TIM-3 on Aki-CUTLs may additionally mvolve in the augmentation
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of effector functions of Akt~ €TLs to combat HBY infection. The reduced expression of
vnroune checkpoints on Akt-engineered CTLs at the later fume poit may result from the
tack of antigen stimulation due to the ioterse offector funchions of AK-CThLs, which
faciiitates the earty removal of the HBY antigen from the hiver

(0067} Example 5: Akt signaling in {TLs enhamces their sffector
functions and facilitated HEY clearanee

[0068F  7The cell number of adoptively transferred ctrl- or Aktl-engineered
HBcosge-specific UTLe 1 the liver and in the spleen of HBV carrier mice i3 measured,
and there are wore AKtI-CTLs than oul-CTLs recovered from the hiver at both of day 6
and day 19 afler adoptive transfer {(FIGE. TA-{),

[0069]  AktI-CTLs but not otrl-CTLs eliminate persistent HBV infection
within 14 davs after being adoptive fransferred info HBV carrier nuce {(FIG 7). Thess
ARE-CTLs have better ¢yiotoxic functions than otrb-CTLs, which 15 revealed by the
slevated serwm ALT level from day 3 to day 7 (FIG. 7E). The Akt1-CTLs are mamby m the
frver rather than the spleen at dav ¢ post adoptive ransfer and dispersed io the spleen afler
antigen clearance (FIGS. 7B and 70). From the H&FE staming of the liver sections, a huge
number of mononuclear cells in the liver sinusond of mice recetving Akt1-{TLs af day 6
are observed afler adoptive transfer (FIG TF)

[O070F  Inummchistochemical staining is performed to visualize the HBoAg or
cleaved caspase 3 expression by bepatocvies and sromune cells in the bver of HBVY carne
mice. There are less HBcAg-postiive hepatocyies bt more cleaved caspase 3-posilive
apoptotic hepatooyies detected 1o the Uver of mice recetving AKtI-CTLs than o the liver
of mice receiving otrb-{CTls at day ¢ after adoptive transfer {(FIGS. 76 and 7TH). The
apoptotic hepatocytes or HReAg' hepatocytes are surrounded by mononuciear cells in the

liver of mice receiving Alti-UThs which suggasis g cviotoxic rode of these Akti-CThs
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against HBV-infected hepatocytes (FIGS. 76 and 7H). There are more Gr-1' mveloid cealls

and adoptively transferrad CTLs (CD45.17) detected in the liver of mice receiving
Axti-CTLs than in the iver of nuice recarving curt-CFLs at day 6 (FIGS. 7iand 74).

[0071F  After clearance of antigen, the liver histology appears back to normal,

5  the mononuciear cells reduce and HBcAg-positive hepatocyies as well as cleaved caspase

J-posttive hepatocvies are no longer detected in the liver of mice receiving Aktl-{UTLs

(FIGS. 7TE-3). The muober of Gr-1” myeloid cells alse reducss whereas a sigmificant

number of CD43.1" adoptively transferred {TLs still exists in the Hver of mice receiving

Ak -CThs (FIGS. "N and 70) The cb-CThs fail 1o clear HBY (FIGS. 71, 76 and 7L

10 and cannot mduce significard inflammation afier being adoptively iransferred into HBY

carrier muce (FIGE, TE-TO),

(0072}  Ak2-CTLs alse expand vigorously when encountering the cognate
antigen i vivo (FIGS. 84 and 8B), prevent Tecell exhaustion (FIG 63, exhubiied strong
cyvtotowic function (FIG. BC) and are more efficiznt fo clear HBY mfection than cirl {TLs

15 (FIG. 88 Aktl- and AKZ-CVLs are found more capable to produce IFN-y and TNF-«
than ctri-CThs after ex vive re-stinwlation with the specific HBc peptide {(FIGS. 9A-D),
which iz consistent with their capabulity o induce inflammatory responses as seen in FIG
7.

(0073  Example 6: Akl drives only TCR signaling-dependent expansion

20 and facilitates the seif-repewal of CTLs

(0074} We further examined the capability of the engmesred UTLs to
elimminate antigen from the bver through the measurement of the biolurninescence in the
frver of the recipient mice. The inss of hiolununescence represented the clearance of
antigen from the hver We found that Akt1-OT1 OTLe were wore efficient than ciyl OV

25  CTls to ehinunate OVA from the liver (FIG 18A). They cleared the antigen withun 7 dayvs,
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which was also the peak of the expansion of the cell population n the Hiver (FIGS. 108
and 16 These AKT-OT CTLs were more capable to execule oytotoxicity toward
OVA-expressing hepatoovies than ot CVhs did, whach was revealed by the elevated
serum ALT level of muee receiving Akel-CTLs at day 7 post adoptive transfer (FIG 1000

(00753  Being concerned about that the overeypression of Akt molecules in
CTLs may potentially induced oncogenie property of the transduced cells, we therefore
monitored the nuwbers of indrahepane and splenie fransiorred CTLs and serum ALT lovels
in the mice recetving oil-CTLs and Akt1-CTLs for a longer pertod of time. The serum
ALT levels of mice receiving Akt1-CTLs decreased to normal levels after the clearance of
antigens and cell numbears of Akt1-{TL also dropped at least 5000-fold from dav 7 to day
63 (FIGS, 10D-F). We detecied a lot of mononuclear cells hving in the hver sinusoid of
mice raceiving Akt -{TLs but not ciri-CTLs at day7 post adopiive fransfer {(FIG 196G
The architecture of the livers of mice receiving AKHI-CTLs retumed to normoal at day 32
and day 63 after clearance of anugen (FIHG. 184G}

L0076]  We further analvzed the profiferation capability of thess adoptively
transferred Akt1-CTLs or endogenous CHRT T cells at day 7 and day 63, respectively and
found that even in the absence of antigen, the Akt1-CTLs could still yndergo higher grads
DN A synthesis to sustain self-ronewal than endogenous CDR° T cells did. which explained
the mainienance of the cell number after clearance of antigen (FIGR. 10H and 181} These
Akti-CTLs m the lver sinusord were all Ki-67-positive at day 7 after adoptive transfer,
which demonsirated that they were undergoing vigorous proliferation and were harely
detected i the lver sinusoid at day 3% and day 63 afier adopiive transfer (FIG 1)

[0077F  Example 7: Akt signaling facHitates development of T cell memory

LO078] Tt has been shown that vinus-infocted hepatocyies were highly

sensttive to {Th-induced cyiotemicity. The liver nucroenvirorypent after HDI may not
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completely munuc that during viral mfection. We therefore established an adenovirus
{Ad-Albp-OL)-based lver mfechion mouse model with persistent expression of OVA and
taciferase only wn the hver under the wanscriptional coutrol of albumin promoter 1o order
i study the funcions of Akt in CTLs under the circomstance of inirahepatic persistent
viral miection. We frst firated the viral doses for infection and found that infection with
xi0® and 4x10° i of Ad-Albp-OL, respectively, could induce stable expression of
tuctferase for more than 2 months (FIG 18). We then infected mice with 4x10% tu of
Ad-Albp-OL, adoptively transferred Aki- and ctrl-CTLa, raspectively, into the mice and
performed several analyses following the experimental scheme showed in FIG. 124,
(0079  Similar to the data from HDI model, there were more Akt~ or
Akt2-CTLe than orl-CTLs detecied in the Bver and 1o the spleen of Ad-Albp-Ol-nfected
mice at day 7 after adoptive transfer (FI(z 13A} The inflaromation mduced by Akil- or
ARZ-CTLs further promoted the jonate monume cell response. We could detect mwore
CDh mveloid cells. natural kifler (NI catls but net NE T cells in the fiver of the mice
veceiving Akt-CTLe at day 7 after adoptive transter (FIGS. 13B-B) The nuce recaiving
Akt1-OTF OTLs showed elevated ALT levels at day 7 and day 14 after the adopiive
ranster of T cells and also cleared vivuses af day 7 (FIGS. 12B and 12C) The mice
recerving control O1-F CThs did not show ALY clevation nor viral clearance afler the
adoptive transfer (FIGS. 128 and 120, At day o0 after adoptive transfer, the mice were
re~chalionged by HDL of pENTRY-OL or pENTRY vector as HDM corgrol o examing
whether they developed antigen-specific Tcell memory. The mice receiving Ak{T-CTLs
showsed mald liver damage as revealed by the ALT elevation during day 4 io day 7 after
re-chalienge. The ALY level wn these mice was nwch less than that in their primary
response {(FIG. 12B). The ouce receiving Aki1-OFY (Ths re-expressed antigen as

revealed by huciferase activity at day 61 and rapidly eliminated antigen within 3 days
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whereas the nuce receiving coirl-OT-1 CTLs could not eliminate antigen after re-challenge
(FIG. 12C).

L0080}  Similar result was observed in the muce receiving AktZ-CTLs {(FIGS.
13E and 13F) We could detect antigen-specific T-cell espansion w the hver of mice
receiving Akti-UThs at day 7 after re-chalienge (FI&z 12D The lver hustological
examination showed that both the mice receiving cirl- and AR1-CTLs, respectively, had
no obvious milammaiion in the liver of mice after re~challenge (FIG. 12E}) However, we
conild detect more CDB' T celis as well as Gr-1' myeloid cells in the liver sinusoid of the
nace receving Akt!-UTLs after re-challenge (FIGS . 12F and 126} These data suggest the
Akt-engineerad {TLs don’t onlv barbor strong effector functions but also are more
efficient to develop T-cell memory and could eliminate antigen rapidly when re-encounte
the antigen. During primary and re-call responses, we ohserved the recruttrent of innate
svnme celle o the Hver, which may be a reflection of fissue damage and for the purposs
of tissuo repair. 115 also possible that the Gr-1' myelotd cells contribute to the expansion
of CTL population during the prissary and re~call responses.

(0081} Example %: Alt signaling in CTLs enhances their cytotoxic
fonction and facilitates tumor killing

[0082F  The capability of Akt-engineered CTLs in killing of hepatocellular
carcinoma (HCC) s further examined and demonstrated thal the tumor antigen-specific
Akt2-engrafted CD&' CTLs can accumlate in the tumor siies as well as in the Hver at day
14 after adopiive transfer mto HCC-bearing mice (FIG 144% These AK2-CTLs changs
the twmor microenvironment and atizact or activate the surrounding F4/30 macrophages
i tumor siteg {FIG 148)

LO083]  Alot of cleaved caspase 3-positive tumor cells are detected in the nice

eceiving AK2-UThs but not in ofrl mice (FIG. 3140 Serum ALT is elevated 1 the nuce
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receiving AktZ-CTLs starting from day 3 after adoptive transter but not i ot nuce (1181
U ws, 228 U/LY The level of ALT m muce receiving AWIZ-CTLs 13 continuoushy
mereasing at least unil day 10 after adoptive transfer (5903 U/L).

(0084 Curl-, Akil- and AktZ-sngineered HBosie-specific (TLs are
adoptively fransferred mto HOC-bearing nuce, respectively. The oncogenes-induced HCC
mouse model i3 enginsered to express luctferase and surrogate tumor antigen-HBCo 1
peptide i the tumor. The fumor growth can be monitored using VIS and demonstrate that
A¥E2- bt not el or ARi-CTLs effectively eliminate HUC as shown by the reduction of
in vive bichianescence and the disappearance of tumor nodules m the Tvers of mice
receiving Aki2-CTLs (FIGS. 15A-D).

LO085] Tt can be concluded that A2 activation enables CTLs to have strong
effector functions to kil tumar celis m the liver

(0086} Example 9 Aunti-tumor capability of Akt-engineered chimerie
anfigen recepior {TUAR} T cells

[O087F  To further explore the potential application of Akt molecules on cancer
wwounotherapy. plasouds carrving buroan or roouse Akt or AkiZ genes are constructed
and the ORF encoding anti-CEA chimeric antigen receptor {CAR) (FIG 164) The
construction of the rocombimant anti-CEA chireric andigen rocepior used 1o this present
mvention wers described in Hombach et al (Hombach, A Wiegzarkowiecz, A
Marquardt, T.; Heuser, € Usar, L) Pohl, C.; Seliger, B Abken, H, Tumor-epecific T cell
activation by recombinant immunoreceptors: UD3] signaling and CD2R costimulation are
simibtanecusly required for efficient IL-2 secretion and can be mdegrated mio oue
combined CD28/CD3( signaling receptor molecule. J fmmunol 2681, /67 (11), 6123-31)
Activated mouse CD37 T cells are modified by recombinant retrovituses carrying mouse

AKT] genz, anti-CEA CAR ORF o1 both and then are momitored for thewr proliferation
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capability, cvickine production and cviotoxicily,

LO088]  The modified CTLs are co-cuitured with a colorectal adenocarcinoma
cell hine with the expression of CEA, L1747 and the proliferation of the CThs s
monitored through detection of incorporation of a thy midine analog, EdU. Both €04 and
(B8 T colis with the engrafiroent of andi-CHA CAR can respond to sumulasion of
LS174T and proliferate. Akt signaling further enhances the proliferative capabihily of
anti-CEA CAR-ongrafied CD47 and CDR T cells (FIG. 160).

[0089F Higher levels of T1-2 and IFNy are detected in the culture medium of
co-cubture of LS1747 coll line with T cells expressing anti-CEA CAR and Aktl or Aki2
molecules compared that of T cells expressing solely anti-CEA CAR (FIGS. 16(-F).
Intraceflular staming of IFNy and granzyme B of the CDS™ T cells co-cultured with
LBE747T celis also proves that Aktl or AktZ overexpression can enhance the cvicking
production and evitotoxicity wn CTLs (FIGK, 16G-0).

[O090F  Akti-overexpressing and AktZ-overexpressing {TLs arg shown to
have the capability to overcome the proliferative amest joduced by movelowd-derived
suppressor cells (MDSCUs) (FIGS. i6K and 161} which strongly suggests that the
potential apphication of Akl molecules on T-cell engineerning technology eg. TAR T eells
for imanunaotherapy.

[O091F  This present invention provides a method able to enbance survival and
functionality of anti-turpor or anti-vital T eells through overexpression of Akt molecules in
CThs The Akt-overexpressing UTLs are shown to have high proliferation capability and
superior effector funchions during encounter with the antigen in the hver, which suggests
that the Akt molecules can help the UTLs to overcome T-cell exhaustion m the inhibitory
microenvironment. Thes present invention further shows expression of Akt molecules can

facthitate anti-viral and anti-tumor {TL responses e.g. proliferation, cyvickime production
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and cvictoxicity. Moreover, it enables the CThs resistance to proliferative arrest nduced
by MDSCe. To sum up, the expression of constitulively active Akt molocules enable T
celis o gain the privilege o suvive and 1o Kilb i the tolerogerse Bver or tumor
microenvironments. The active Akt molecules onlv when 1w combination with TCR
signaling can frigger massive proliferative response of CTLs and therefore are safe 1o be
apphied to T-cell engineering of CTLs. Inventors therefore have the following claims for
the compasitions comprising the anti-turoor or anti-viral enginegred T cells and the

mathods using thereof for treatment of chronic viral infections and malignancies.
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CLAIMS
1. A composition for reducing 1mmune tolerance which comprising an
engineered cell overexpressing Akt molecules, the engineered cell is engineered
with a polynucleotide encoding:
5 a. an Akt isoform; and

b.a peptide leading the Akt isoform to cell membrane of the engineered

Z2.The composition according to claim 1, wherein the Akt isoform is

selected from the group consisting of Aktl, Akt2, and Akt3, or a combination
10 thereof

3. The composition according to claim 1, wherein the peptide is a
myristoylation-targeting sequence set forth in SEQ ID NG: 7.

4. The composition according to claim 1, wherein the polynucleotide
further comprising a fragment encoding a chimeric antigen recepior or a

15  recombinani T cell receptor.

5 The composition according to claim 4, wherein the polynucleotide
further comprising a fragment encoding a linker between the Akt isoform and the
chimeric antigen receptor or the recombinant T cell receptor.

6. The composition according to claim 3, wherein the linker is a 2A

20 peptide set forth in SEQ 1D NO: 9.

7. The composition according to ¢laim 1, wherein the engineered cellis a™T
cell, a natore killer cell, a hematopoietic stem cell, an embryonic stem cell or a pluripotent
stern cell.

&. A method for treating a virus infection disease in a subject comprising

25 administering to the subject an effective amount of the composition according to
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claim 1.

9. The method according to claim 8, wherein the virus infection disease is
hepatitis.

16. A method for treating a cancer in a subject comprising

administering to the subject an effective amount of the composition according to

claim 1.

11, The method according to claim 10, wherein the cancer 15 a liver
cancer.

12, The method according fo c¢laim 11, wherein the liver cancer

comprising hepatocellular carcinoma, bile duct carcinoma. hepatic angiosarcoma
and epithelioid hemangicendothelioma.

13. A method for treating a cancer in a subject comprising
administering o the subject an effective amount of the composition according to
claim 4.

14, A method for producing the composition according fo claim 1,
which comprising transffering a recombinant viral or transposon vector into a
target ceil, and expanding the target cell.

15, The method according to claim 14, wherein the recombinant viral or
transposon  vecior can be a reirovirus, a lentivirus, an adenovirus, an
adeno-associated virus, or other related viruses and various {ransposon systems
can be used in transduction or integration of transgenes.

16, The method according to claim 14, wherein the recombinant viral or
transposon vector can be amplified through plasmid amplification, i vifro transcription
or in vitro synthesis and transfected into the target cell through electroporation, liposome

or gther chemical vehicles.
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17.  The method according to claim 14, wherein the targetcell can bea T
cell, a nature killer cell, a hematopoietic stem cell, an embryvonic stem cell or a pluripotent
stem cell.

18.  The method according to claim 14, wherein the target cell can be

5 further modified by viral transduction and DNA or RNA transfection.

19.  The method according to claim 14, wherein expanding the target cell
comprising stimulating the target cell with soluble, plate-bound anti-CD3 and anti-CD28
antibodies or with anti-CD3 and anti-CD28 beads with supplement of cytokines to
enhance the growth of the target cell.

14
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