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(57) ABSTRACT 

Described herein is the identi?cation of miRNAs (miRs) that 
are up-regulated in Th1 cells compared to Th2 cells (referred 
to herein as Th1 -associated miRs). In particular, the miR-17 
92 gene cluster Was found to exhibit signi?cantly greater 
expression in Th1 cells. Over-expression of miR-17-92 in T 
cells promotes the Th1 phenotype. Thus, the use of Th1 
associated miRs for cancer immunotherapy is described. Pro 
vided herein are isolated T cells containing a heterologous 
nucleic acid molecule encoding a Th1 -associated miR, such 
as the miR17-92 gene cluster, or a portion thereof. Further 
provided is a method of treating cancer in a subject by admin 
istering to the subject an isolated T cell as disclosed herein. 
Also provided is a method of treating a subject With cancer by 
transfecting isolated T cells obtained from the subject With a 
heterologous nucleic acid molecule encoding a Thl-associ 
ated miR and administering the transfected T cells to the 
subject. 

12 Claims, 11 Drawing Sheets 



US 8,486,911 B2 
Page 2 

OTHER PUBLICATIONS 

Papapetrou et al., “Harnessing endogenous miR-181a to segregate 
transgenic antigen receptor expression in developing versus pos 
thyrnic T cells in murine hematopoietic chimeras,” The Journal of 
Clinical Investigation 1191 157-168, 2009. 
Rinaldi et al., “Concomitant M YC and microRNA Cluster miR-17-92 
(C1 301"]?5) Ampli?cation in Human Mantle Cell Lymphoma,” Leuk 
Lymphoma, 481410-412, 2007. 
Rodriguez et al., “Requirement of bic/microRNA-155 for Normal 
Immune Function,” Science 3161608-611, 2010. 
Sasaki et al., “IL-4 Suppresses Very Late Antigen-4 Expression 
Which is Required for Therapeutic Th1 T Cell Traf?cking into 
Tumors,” JImmunother, 321793-802, 2009. 
Sasaki et al., “miR-17-92 expression in differentiated T cells-im 
plications for cancer immunotherapy,” Journal of Translational 
Medicine 8117-28, 2010. 
Sylvestre et al., “An E2F/miR-20a Autoregulatory Feedback Loop,” 
JBiol Chem, 282:2135-2143, 2007. 
Taguchi et al., “Identi?cation of Hypoxia-Inducible Factor-10L as a 
Novel Target for miR-17-92 MicroRNA Cluster,” Cancer Res, 
68:5540-5545, 2008. 
TanZer and Stadler, “Molecular Evolution of a MicroRNA Cluster,”J 
Mol Bio, 339:327-335, 2004. 

Thai et al., “Regulation of the Germinal Center Response by 
MicroRNA-155,” Science 3161604-608, 2010. 
Tili et al., “MicroRNAs, The Immune System and Rheumatic Dis 
ease,” Nat Clin Pract Rheum, 41534-541, 2008. 
Ueda et al., “Dicer-regulated microRNAs 222 and 339 promote resis 
tance of cancer cells to cytotoxic T-lymphocytes by down-regulation 
ifICAM-1,”Proc. Natl. Acad. Sci. USA 106(26): 10746-1075 1, 2009. 
UZiel et al., “The miR-17~92 Cluster Collaborates With the Sonic 
Hedgehog Pathway in Medulloblastoma,” Proc Natl Acad Sci USA, 
106:2812-2817, 2009. 
Ventura et al., “Targeted Deletion Reveals Essential and Overlapping 
Functions of the miR-17 ~ 92 Family of miRNA Clusters,” Cell, 
132:875-886, 2008. 
Volinia et al., “A microRNA Expression Signature of Human Solid 
Tumors De?nes Cancer Gene Targets,” Proc Natl Acad Sci U S A, 
103:2257-2261, 2006. 
Weber, “New Human and Mouse microRNA Genes Found by 
Homology Search,” FEBS J, 272159-73, 2005. 
Woods et al., “Direct Regulation of an Oncogenic Micro-RNA Clus 
ter by E2F Transcription Factors,” J Biol Chem, 28212130-2134, 
2007. 
Xiao and Rajewsky, “MicroRNA Control in the Immune System: 
Basic Principles,” Cell, 1361 26-36, 2009. 
Xiao et al., “Lymphoproliferative disease and autoimmunity in mice 
With elevated miR-17-92 expression in lymphocytes,” Nat Immunol. 
9(4): 405-414, 2008. 



US. Patent Jul. 16, 2013 Sheet 1 0111 US 8,486,911 B2 

FlG. 1A 



US. Patent Jul. 16, 2013 Sheet 2 0f 11 US 8,486,911 B2 



US. Patent Jul. 16, 2013 Sheet 3 0f 11 US 8,486,911 B2 

mogram FPS. 1a 

' Ham-82 



US. Patent Jul. 16, 2013 

miRm-sp 

Reiaiiva Exmessian ?éia?va Exwessi 

$8 
3% 

m 21:: m 

Th1 Th2 

miR~29a 

- t 
m My“? 

Sheet 4 0f 11 

miR-1 8a 
m 

TM Th2 

$33 

US 8,486,911 B2 

ram-19a 
m i 

i 

i, 

vvvvvvv WWWWWWWW 

23% 

KG 

Th‘! THE 

1% 

miR-QZ 





US. Patent Jul. 16, 2013 Sheet 6 0f 11 US 8,486,911 B2 

FiG. 38 H6, 3A 

miassmp 
13% 

mwwmww a, Q: 

‘ mam Q 

mibg 

FIG. 3C 
miR~82 mind ‘325:: 

war ,6, 

amw 
gm 

4m: 

$3M E I I i 
m2 



US. Patent Jul. 16, 2013 Sheet 7 0f 11 US 8,486,911 B2 

PIC} 48 FIG. 4A 

, 9 

‘14110411381133 5‘314: 
FIG. 433 

O 

1 

U 

i 

‘u 

WWW m; Wm it A 



US. Patent Jul. 16, 2013 Sheet 8 0f 11 US 8,486,911 B2 

FEG. 5C FIG. 5B FSG. 5A 

w Q 

YG ifmtwf 



US. Patent Jul. 16, 2013 Sheet 9 0f 11 US 8,486,911 B2 

FIG. 6A FIG‘ 68 

hiL-Z 

m m 

N0 ‘$11 
a MQS 

2% pgimi Reiative S?ahiiity 
xésai 



US. Patent Jul. 16, 2013 Sheet 10 0f 11 US 8,486,911 B2 

H6. 78 F163. 7A 

B16 ‘fume; siz?day 15) {33.261 ‘i'umor Chafiange 

m 

Baya 



US. Patent Jul. 16,2013 Sheet 11 0111 US 8,486,911 B2 

FiG. 8 

Ctr 

31 

15 

EU; 

wmw 

Wm W. w. w W. 

mw Q00 

VLA4 



US 8,486,911 B2 
1 

THl-ASSOCIATED MICRORNAS AND THEIR 
USE FOR TUMOR IMMUNOTHERAPY 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of US. application Ser. 
No. 12/818,016, ?led Jun. 17, 2010, Which claims the bene?t 
of US. Provisional Application No. 61/187,903, ?led on Jun. 
17, 2009. The above-listed applications are herein incorpo 
rated by reference in their entirety. 

ACKNOWLEDGMENT OF GOVERNMENT 
SUPPORT 

This invention Was made With government support under 
grant number NS055140 awarded by the National Institutes 
of Health. The government has certain rights in the invention. 

FIELD 

This disclosure concerns microRNAs (miRs) that are dif 
ferentially expressed in Th1 versus Th2 cells. This disclosure 
further relates to expression of such differentially expressed 
miRs in T cells as a means for tumor immunotherapy. 

BACKGROUND 

Preclinical studies involving immunotherapeutic strategies 
for central nervous system (CNS) tumors, such as glioblas 
toma multiforme (GBM), have demonstrated that tumor-spe 
ci?c T helper type-1 (Th1) and T cytotoxic type-1 (Tc1) cells, 
but not type-2 counterparts, can e?iciently tra?ic into CNS 
tumor sites and mediate effective therapeutic ef?cacy, 
recruited via the type-1 chemokine CXCL10 (Nishimura et 
al., Cancer Res 2006, 66:4478-4487; Fujita et al., Jlmmunol 
2008, 180:2089-2098; Fujita et al., Cancer Res 2009, 
69:1587-1595) and the integrin receptor, very late antigen 
(VLA)-4 (Sasaki et al., The Journal oflmmunology 2008, 
181:104-108; Sasaki et al., Eur Jlmmunol 2008, 38:2865 
2873; Zhu et al., J Trans! Med 2007, 5:10; Sasaki et al., 
Cancer Res 2007, 67:6451-6458). Despite the importance of 
the type-1 T cell response, cancers, including GBMs, secrete 
numerous type-2 cytokines (Roussel et al., Clin Exp Immunol 
1996, 105:344-352; Weller and Fontana, Brain Res 1995, 
21:128-151; Nitta et al., Brain Res 1994, 649:122-128) that 
promote tumor proliferation (J arnicki et al., J Immunol 2006, 
177:896-904; Prokopchuk et al., Br J Cancer 2005, 92:921 
928) and immune escape (Seo et al., Immunology 2001, 103: 
449-457). Hence, the strategic skeWing of existing type-2 to 
type-1 immunity in glioma patients may be critical for the 
development of more effective immunotherapy. 
MicroRNAs (miRs) are a novel class of endogenous small 

single-stranded RNA molecules Which are 18-24 nucleotides 
in length (Hammond, Cancer Chemother Pharmacol 2006, 
58 Suppl 1:s63-68). Mature miRs repress mRNA encoded 
protein translation and are highly conserved betWeen species, 
including viruses, plants and animals (Elmen Nature 2008, 
452:896-899). There are over 700 miRs identi?ed in the 
human genome that collectively are predicted to regulate 
tWo-thirds of all mRNA transcripts (Hammond, Cancer 
Chemother Pharmacol 2006, 58 Suppl 1:s63-68). Findings 
over the past several years strongly support a role for miRs in 
the regulation of crucial biological processes, such as cellular 
proliferation (Cheng et al., NucleicAcids Res 2005, 33:1290 
1297), apoptosis @(u et al., Trends Genet. 2004, 20:617-624), 
development (Karp and Ambros, Science 2005, 310:1288 
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2 
1289), differentiation (Chen et al., Science 2004, 303:83-86), 
metabolism (Poy et al., Nature 2004, 432:226-230), and 
immune regulation (That et al., Science 2007, 316:604-608; 
O’Connell et al., Proc Natl Acad Sci USA 2007, 104:1604 
1609). A recent study demonstrated that miR-222 and miR 
339 in cancer cells doWn-regulate the expression of an inter 
cellular cell adhesion molecule (ICAM)-1 , thereby regulating 
the susceptibility of cancer cells to cytotoxic T lymphocytes 
(CTLs) (Ueda et al., Proc Natl Acad Sci USA 2009, 106: 
10746-10751). This is among the ?rst reports to demonstrate 
the role of miR in cancer immunosurveillance. 

SUMMARY 

Disclosed herein is the identi?cation of miRNAs (miRs) 
that are up-regulated in Th1 cells compared to Th2 cells 
(referred to herein as Th1 -associated miRs). Over-expression 
of Th1 -associated miRs in T cells is demonstrated herein to 
promote the Th1 phenotype, Which is critical for effective 
anti-tumor immune responses. 

Thus, provided herein are isolated T cells containing a 
heterologous nucleic acid molecule encoding a Thl-associ 
ated miR. In some embodiments, the Th1 -associated miR is 
the miR17-92 gene cluster, or a portion thereof. In some 
embodiments, the T cell is a tumor antigen-speci?c T cell. 
Further provided is a method of treating cancer in a subject by 
selecting a subject With cancer and administering to the sub 
ject an isolated T cell as disclosed herein. 

Also provided is a method of treating a subject With cancer 
by (i) selecting a subject With cancer; (ii) isolating T cells 
from the subject; (iii) transfecting the isolated T cells With a 
heterologous nucleic acid molecule encoding a Thl-associ 
ated miR; and (iv) administering to the subject the isolated T 
cells transfected With the nucleic acid molecule encoding the 
Thl-associated miR. In some embodiments of the method, 
the heterologous nucleic acid molecule encodes the miR-17 
92 transcript or a portion thereof. In some embodiments, the 
isolated T cell is a TA-speci?c T cell, such as a CTL. 
The foregoing and other objects, features, and advantages 

of the invention Will become more apparent from the folloW 
ing detailed description, Which proceeds With reference to the 
accompanying ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1: Microarray analysis demonstrates up-regulation of 
miR-17-92 in Th1 cells. (A) Intracellular interferon (IFN)-y 
vs. interleukin (IL)-4 expression of Th1 and T helper type-2 
(Th2) cells induced from mouse CD4+ splenic T cells in vitro. 
(B) Differentially expressed miRs Were analyZed by hierar 
chical clustering of the log 2 value of Th1/Th2 pair of miR 
microarray signal. (C) miRs Were ranked by relative fold 
expression in Th1/Th2 cells. ArroWs indicate members of the 
miR-17-92 cluster or paralog clusters. miRs With a relative 
expression of >2.35-fold in Th1 are shoWn. (B and C) hsa- and 
mmu-indicate human and mouse miR probes, respectively. 
Hsa-probes can hybridize With most mouse miR due to the 
high homology and mmu-signals are shoWn only When 
murine miR has a unique sequence compared to its human 
counterpart. (D) Ideogram of mouse chromosome 14 shoW 
ing the location and order of the miR-17-92 cluster (adapted 
from NCBI Blast). 

FIG. 2: Enhanced expression of miRs from the miR-17-92 
cluster in Th1 cells. Data represent relative expression of 
mature miRs in Th1 compared With Th2 cells. SNO202 Was 
used as the internal control and AACT method Was used to 
examine expression relative to the Th2 cell value. Relative 
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expression is shown for (A) miR-17-92 cluster members or 
(B) representative paralog cluster members, miR-106a and 
miR-106b. Error Bars indicate standard deviation of the trip 
licate samples. Each experiment Was repeated at least 3 times. 
Up-regulation in Th1 vs. Th2 is signi?cant in (A) With p<0.01 
for miR-92 and p<0.0001 for all other miRs and in (B) With 
p<0.001 for miR-106a and p<0.05 for miR106b using the 
student t test. 

FIG. 3: Modulation of miR-17-92 expression by IL-4 sig 
naling. (A) Immuno-magnetically isolated mouse splenic 
CD4+ T cells Were cultured With 5 ug/ml plated anti-CD3, 
feeder cells and 100 U/ml hIL-2 (“neutral” condition). Anti 
IL-4 (2.5 ug/ml) or isotype control monoclonal antibody 
(mAb) Was added to the appropriate Wells and cultured for 5 
days prior to extraction of total RNA. Statistical analysis Was 
carried out using the student t test. The blockade of IL-4 
signi?cantly up-regulated miR-17-5p and miR-92 (p<0.001 
and p<0.005, respectively). (B) CD4+ T cells Were cultured 
With anti-CD3, feeder cells, and hIL-2 and varying amounts 
of IL-4 for 5 days. Total RNA Was extracted and analyZed by 
RT-PCR for miR-17-5p expression. The dose dependent 
decrease of miR-17-92 expression Was analyZed using post 
test for linear trend and Was signi?cant (p<0.00l). (C) Th1 
and Th2 cells Were induced from splenic CD4+ T cells iso 
lated from either Wild-type or STAT6_/_ mice. Total RNA Was 
extracted and RT-PCR Was performed using speci?c primers 
against miR-17-5p and miR-92. Columns represent the mean 
of triplicates from one of 2 tWo experiments With similar 
results, and error bars represent standard deviations. 
STAT6_/_ cells demonstrated signi?cantly higher levels of 
miR-17-5p and miR-92 compared With Wild type (WT) cells 
in both Th1 and Th2 conditions (p<0.00l) using the student t 
test. 

FIG. 4: Tumor bearing conditions doWn-regulate miR-17 
5p expression in T cells. Splenocytes (SPCs) Were harvested 
from C57BL/6 or STAT6_/_ mice bearing day 15 subcutane 
ous B16 melanoma (T+) or control non-tumor bearing mice 
(T—). (A) CD4+ and CD8+ T cells Were isolated by immuno 
magnetic bead separation, and evaluated for miR17-5p 
expression. (B) 1><106 CD4+ cells from WT mice Were brie?y 
stimulated With anti-CD3 mAb for 6 hours. Concentration of 
IFN-y secreted in culture media Was evaluated by speci?c 
enZyme-linked immunosorbent assay (ELISA). (C) CD4+ T 
cells Were isolated from healthy donor-derived peripheral 
blood mononuclear cells (PBMC) and stimulated With 5 
ug/ml plated anti-CD3 feeder cells (irradiated PBMC) and 
100 IU/ml hIL-2 in the presence or absence of hIL-4 (10 
ng/ml) for 5 days prior to extraction of total RNA. (D) Non 
stimulated CD4+ and CD8+ T cells Were isolated by immuno 
magnetic beads from PBMC derived from healthy donors 
(n:6) or patients With GBM (n:8) and miR-17-5p expression 
Was analyZed by RT-PCR. Data in (A), (B) and (C) are rep 
resentative of tWo identical experiments With similar results. 
Columns represent the mean of triplicates from a single 
experiment and error bars represent standard deviation. “*” 
indicates p<0.01 and “**” indicates p<0.05 betWeen the tWo 
groups using the student t test. 

FIG. 5: T cells from miR-17-92 transgenic mice demon 
strate enhanced Th1 phenotype. Splenic CD4+ T cells Were 
immuno-magnetically isolated from miR-17-92 transgenic 
(TG)/TG or control animals. (A) miR-17-5p expression Was 
analyZed in total RNA extracted from these freshly isolated 
cells. (B) How analysis Was carried out on these freshly 
isolated cells for surface expression of CD49d, a subunit 
composing VLA-4. The grey-shaded region represents CD4+ 
T cells isolated from control Wild type animals and the 
unshaded region With the solid line represents CD4+ T cells 
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4 
from miR-17-92 TG/TG mice. Dotted lines represent samples 
stained With isotype control Rat IgG2b. As the background 
staining With the isotype IgG2b Was equally very loW in the 
tWo cell types, the corresponding histograms are barely dis 
tinguishable from each other. (C) Isolated cells Were stimu 
lated in Th1 skeWing condition for 9 days and 5><106 cells 
Were then plated in fresh media for 24 hours, at Which point 
supernatant Was collected and analyZed for IFN-y by ELISA. 
Both in (A) and (C) values in the tWo groups Were statistically 
different With p<0.01 using the student t test. 

FIG. 6: Ectopic expression of miR-17-92 cluster members 
in the human Jurkat T cell line confers increased IL-2 pro 
duction and resistance to AICD. Jurkat cells Were transduced 
by either one of the folloWing pseudotyped lentivirus vectors: 
1) control vector encoding green ?uorescent protein (GFP); 
2) the 17-92-1 expression vector encoding miR-17, miR-18 
and miR-19a; or 3) the 17-92-2 expression vector encoding 
miR-20, miR-19b-1 and miR-92a-1. (A) Transduced Jurkat 
cells (5x104) in the triplicate Wells Were stimulated With 
phorbol 12-myristate 13-acetate (PMA; 10 ng/ml) and iono 
mycin (500 nM) overnight and supernatant Was harvested and 
tested for the presence of IL-2 by speci?c ELISA. The ?gure 
shoWs mean values and standard deviations of the amount of 
IL-2 released from each group. Statistical analysis Was car 
ried out using the student t test, and a signi?cant (p<0.005) 
increase of IL-2 production Was con?rmed in both 17-92-1 
and the 17-92-2 transduced groups compared With the control 
group. (B) Transduced Jurkat cells Were treated With the 
activation-induced cell death (AICD) inducing condition (10 
ug/ml anti-CD3 mAb) or in complete media (No Tx) for 24 
hours. Then, the relative numbers of viable cells Were evalu 
ated by 4 hour WST-l assays. The ?gure shoWs mean values 
and standard deviations of 8 Wells/ group, each containing 
5><105 cells. For each group, the relative optical density read 
ings at 450 nm of AICD-treated cells compared With control 
Jurkat cells Without AICD-treatment is indicated. “*” indi 
cates p<0.05 betWeen the tWo groups using student t test. 

FIG. 7: Inhibition of tumor groWth in miR-17-92 TG mice. 
C57BL/6-background miR-17-92-TG or control Lck-Cre 
mice received (A) subcutaneous (s.c.) challenge With B16 
melanoma cells (1 ><105/mouse) and the tumor siZe Was mea 
sured on day 15 as square area; or (B) intracranial (i.c.) 
inoculation of syngeneic GL261 glioma cells (1 ><105/mouse) 
and Were folloWed for symptom-free survival. 

FIG. 8: Transgenic expression of miR-17-92 TG in T cells 
promotes T cell in?ltration in GL261 glioma. C57BL/6-back 
ground miR-17-92-TG or control Lck-Cre mice bearing i.c. 
GL261 glioma (n:4/group) Were sacri?ced on day 23, and 
brain in?ltrating leukocytes (BILs) Were harvested and 
pooled for the same groups, then subjected to ?oW-cytometric 
analyses of CD4+ VLA-4+ cells. Numbers in each histogram 
indicate percentages of corresponding cells in leukocyte 
gated populations. 

SEQUENCE LISTING 

The nucleic acid sequences listed in the accompanying 
sequence listing are shoWn using standard letter abbreviations 
for nucleotide bases, as de?ned in 37 CPR. 1.822. The 
Sequence Listing is submitted as an ASCII text ?le, created 
onAug. 3, 2012, 4.99 KB, Which is incorporated by reference 
herein. In the accompanying sequence listing: 
SEQ ID NO: 1 is the nucleic acid sequence of the precursor 

form (stem-loop) of hsa-miR-17. 
SEQ ID NO: 2 is the nucleic acid sequence of mature 

hsa-miR-17-5p. 
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SEQ ID NO: 3 is the nucleic acid sequence of mature 
hsa-miR-17-3p. 
SEQ ID NO: 4 is the nucleic acid sequence of the precursor 

form (stem-loop) of mmu-miR-17. 
SEQ ID NO: 5 is the nucleic acid sequence of mature 

mmu-miR-17-5p. 
SEQ ID NO: 6 is the nucleic acid sequence of mature 

mmu-miR-17-3p. 
SEQ ID NO: 7 is the nucleic acid sequence of the precursor 

form (stem-loop) of hsa-miR-18a. 
SEQ ID NO: 8 is the nucleic acid sequence of mature 

hsa-miR-18a. 
SEQ ID NO: 9 is the nucleic acid sequence of the precursor 

form (stem-loop) of mmu-miR-l 8a. 
SEQ ID NO: 10 is the nucleic acid sequence of mature 

mmu-miR-l 8a. 
SEQ ID NO: 11 is the nucleic acid sequence of the precur 

sor form (stem-loop) of hsa-miR-l 9a. 
SEQ ID NO: 12 is the nucleic acid sequence of mature 

hsa-miR-19a. 
SEQ ID NO: 13 is the nucleic acid sequence of the precur 

sor form (stem-loop) of mmu-miR-l 9a. 
SEQ ID NO: 14 is the nucleic acid sequence of mature 

mmu-miR-l 9a. 
SEQ ID NO: 15 is the nucleic acid sequence of the precur 

sor form (stem-loop) of hsa-miR-20a. 
SEQ ID NO: 16 is the nucleic acid sequence of mature 

hsa-miR-20a. 
SEQ ID NO: 17 is the nucleic acid sequence of the precur 

sor form (stem-loop) of mmu-miR-20a. 
SEQ ID NO: 18 is the nucleic acid sequence of mature 

mmu-miR-20a. 
SEQ ID NO: 19 is the nucleic acid sequence of the precur 

sor form (stem-loop) of hsa-miR-l 9b-1. 
SEQ ID NO: 20 is the nucleic acid sequence of mature 

hsa-miR-19b. 
SEQ ID NO: 21 is the nucleic acid sequence of the precur 

sor form (stem-loop) of mmu-miR-l 9b-1. 
SEQ ID NO: 22 is the nucleic acid sequence of mature 

mmu-miR-l 9b. 
SEQ ID NO: 23 is the nucleic acid sequence of the precur 

sor form (stem-loop) of hsa-miR-92a-1. 
SEQ ID NO: 24 is the nucleic acid sequence of mature 

hsa-miR-92a. 
SEQ ID NO: 25 is the nucleic acid sequence of the precur 

sor form (stem-loop) of mmu-miR-92a-1. 
SEQ ID NO: 26 is the nucleic acid sequence of mature 

mmu-miR-92a. 

DETAILED DESCRIPTION 

I. Introduction 
Type-1 T cells are critical for effective anti-tumor immune 

responses. 
MicroRNAs (miRs) are a large family of small regulatory 

RNAs that control diverse aspects of cell function, including 
immune regulation. Disclosed herein is the identi?cation of 
miRs differentially regulated betWeen type-1 and type-2 T 
cells, and a determination of hoW the expression of such miRs 
is regulated. 
MicroRNA microarray analyses Was performed on in vitro 

differentiated murine T helper type-1 (Th1) and T helper 
type-2 (Th2) cells to identify differentially expressed miRs. 
Quantitative RT-PCR Was used to con?rm the differential 
expression levels. WST-l, ELISA and How cytometry Were 
also used to evaluate the survival, function and phenotype of 
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6 
cells, respectively. Mice transgenic for the identi?ed miRs 
Were employed to determine the biological impact of miR 
17-92 expression in T cells. 

The initial miR microarray analyses revealed that the miR 
17-92 cluster is one of the most signi?cantly over-expressed 
miRs in murine Th1 cells When compared With Th2 cells. 
RT-PCR con?rmed that the miR-17-92 cluster expression 
Was consistently higher in Th1 cells than Th2 cells. Disrup 
tion of IL-4 signaling through either IL-4 neutraliZing anti 
body or knockout of STATE reversed the miR-17-92 cluster 
suppression in Th2 cells. Furthermore, T cells from tumor 
bearing mice and glioma patients had decreased levels of 
miR-17-92 When compared With cells from non-tumor bear 
ing counterparts. CD4+ T cells derived from miR-17-92 trans 
genic mice demonstrated superior type-1 phenotype With 
increased IFN-y production and VLA-4 expression When 
compared With counterparts derived from Wild type mice. 

Human Jurkat T cells ectopically expressing increased lev 
els of miR-17-92 cluster members demonstrated increased 
IL-2 production and resistance to AICD. Over-expression of 
miR-17-92 in primary T cells also renders these cells resistant 
to AICD. The inventors further demonstrate herein that miR 
17-92 transgenic mice (Which over-express miR-17-92 in T 
cells) exhibit signi?cantly smaller tumors and/or greater 
length of survival folloWing tumor challenge With either B16 
melanoma cells or GL261 glioma cells. 

The type-2-skeWing tumor microenvironment induces the 
doWn-regulation of miR- 1 7-92 expression in T cells, thereby 
diminishing the persistence of tumor-speci?c T cells and 
tumor control. Thus, genetic engineering of T cells to express 
miR-17-92 represents a promising approach for cancer 
immunotherapy. 
II. Abbreviations 

AA anaplastic astrocytomas 
AICD activation-induced cell death 
APC antigen presenting cell 
BIL brain in?ltrating lymphocytes 
CNS central nervous system 
CTL cytotoxic T lymphocyte 
ELISA enzyme-linked immunosorbent assay 
GBM glioblastoma multiforme 
GFP green fluorescent protein 
i.c. intracranial 
IFN interferon 
IL interleukin 
i.v. intravenous 
mAb monoclonal antibody 
MACS magnetic activated cell separation 
MHC maj or histocompatibility complex 
miR microRNA 
PBMC peripheral blood mononuclear cells 
PMA phorbol 12-rnyristate 13-acetate 
rh recombinant human 
rm recombinant mouse 

RNA ribonucleic acid 
RT-PCR reverse transcriptase polymerase chain reaction 
s.c. subcutaneous 

SPC splenocyte 
STAT signal transducer and activator of transcription 
TA tumor antigen 
Th1 T helper type-1 
Th2 T helper type-2 
Tcl T cytotoxic type-1 
Tc2 T cytotoxic type-2 
TG transgenic 
VLA very late antigen 
WT Wild type 
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II. Terms and Methods 
Unless otherwise noted, technical terms are used according 

to conventional usage. De?nitions of common terms in 
molecular biology may be found in Benjamin LeWin, Genes 
V, published by Oxford University Press, 1994 (ISBN 0-19 
854287-9); KendreW et al. (eds.), The Encyclopedia of 
Molecular Biology, published by Blackwell Science Ltd., 
1994 (ISBN 0-632-02182-9); and Robert A. Meyers (ed.), 
Molecular Biology and Biotechnology: a Comprehensive 
Desk Reference, published by VCH Publishers, Inc., 1995 
(ISBN 1-56081-569-8). 

In order to facilitate revieW of the various embodiments of 
the disclosure, the folloWing explanations of speci?c terms 
are provided: 

Administration: The introduction of a composition (such 
as a T cell) into a subject by a chosen route. For example, if the 
chosen route is intravenous, the composition is administered 
by introducing the composition into a vein of the subject. 

Antigen: A compound, composition, or substance that can 
stimulate the production of antibodies or a T cell response in 
an animal, including compositions that are injected or 
absorbed into an animal. An antigen reacts With the products 
of speci?c humoral or cellular immunity, including those 
induced by heterologous immunogens. The term “antigen” 
includes all related antigenic epitopes. “Epitope” or “anti 
genic determinant” refers to a site on an antigen to Which B 
and/or T cells respond. 

Antigen-presenting cell (APC): A cell that can present 
antigen bound to MHC class I or class II molcules to T cells. 
APCs include, but are not limited to, monocytes, macroph 
ages, dendritic cells, B cells, T cells and Langerhans cells. A 
T cell that can present antigen to other T cells (including 
CD4+ and/or CD8+ T cells) is an antigen presenting T cell 
(T-APC). 

Chemotherapeutic agents: Any chemical agent With thera 
peutic usefulness in the treatment of diseases characterized 
by abnormal cell groWth. Such diseases include tumors, neo 
plasms, and cancer as Well as diseases characterized by 
hyperplastic groWth such as psoriasis. In some cases, a che 
motherapeutic agent is a radioactive compound. One of skill 
in the art can readily identify a chemotherapeutic agent of use 
(e.g., see Slapak and Kufe, Principles of Cancer Therapy, 
Chapter 86 in Harrison’s Principles of Internal Medicine, 
14th edition; Perry et al., Chemotherapy, Ch. 17 in Abeloff, 
Clinical Oncology 2'” ed., @ 2000 Churchill Livingstone, 
Inc; Baltzer, L., Berkery, R. (eds): Oncology Pocket Guide to 
Chemotherapy, 2nd ed. St. Louis, Mosby-Year Book, 1995; 
Fischer, D. S., Knobf, M. F., Durivage, H. J . (eds): The Cancer 
Chemotherapy Handbook, 4th ed. St. Louis, Mosby-Year 
Book, 1993). Combination chemotherapy is the administra 
tion of more than one agent to treat cancer. 

Cytotoxic T lymphocyte (CTL): CTLs are a sub-group of T 
lymphocytes that are capable of inducing the death of infected 
cells or tumor cells, or cells that are otherWise damaged or 
dysfunctional. Most CTLs express CD8 and T-cell receptors 
(TCRs) that can recognize a speci?c antigenic peptide bound 
to Class I MHC molecules. 

Glioma: A cancer of the brain that begins in glial cells (cells 
that surround and support nerve cells). Malignant gliomas are 
the most common type of primary brain tumor, and glioblas 
toma multiforme (GBM) is the most common and most 
malignant of the glial tumors. Other common malignant glio 
mas include anaplastic gliomas, including anaplastic astro 
cytomas. 

Isolated: An “isolated” biological component (such as a 
nucleic acid molecule, protein, or cell) has been substantially 
separated or puri?ed aWay from other biological components 
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8 
in the cell, blood or tissue of the organism, or the organism 
itself, in Which the component naturally occurs, such as other 
chromosomal and extra-chromosomal DNA and RNA, pro 
teins and cells. Nucleic acid molecules and proteins that have 
been “isolated” include those puri?ed by standard puri?ca 
tion methods. The term also embraces nucleic acid molecules 
and proteins prepared by recombinant expression in a host 
cell as Well as chemically synthesized nucleic acid molecules 
and proteins. 
Maj or histocompatibility complex (MHC): Generic desig 

nation meant to encompass the histocompatibility antigen 
systems described in different species, including the human 
leukocyte antigens (“HLA”). The term “motif” or “epitope” 
refers to the pattern of residues in a peptide of de?ned length, 
usually about 8 to about 11 amino acids, Which is recognized 
by a particular MHC allele. The peptide motifs or epitopes are 
typically different for each MHC allele and differ in the 
pattern of the highly conserved residues and negative binding 
residues. 
MicroRNA (miR): MicroRNAs (also knoWn as miRNAs 

and miRs) are short RNA sequences expressed from longer 
transcripts found in the genomes of animals, plants and 
viruses and at least one single-celled eukaryote (Molnar et al., 
Nature 447:1126-1129, 2007; Zhao et al., Genes Dev. 
21: 1 190-1203, 2007). MicroRNAs regulate the expression of 
target genes by binding to complementary sites in the target 
gene transcripts to cause translational repression or transcript 
degradation (Pillai et al., Trends Cell Biol. 17:118-126, 
2007). These small RNA molecules have been implicated in a 
number of biological processes related to development, cell 
proliferation, apoptosis, metabolism, morphogenesis and dis 
ease (particularly cancer) (Kloosterrnan and Plasterk, Dev. 
Cell 11:441-450, 2006). 
A gene encoding a microRNA is transcribed to form a 

primary transcript microRNA (pri-miRNA), Which is pro 
cessed to form a short stem-loop molecule, termed a precur 
sor microRNA (pre-miRNA), folloWed by endonucleolytic 
cleavage to form the mature microRNA. Mature microRNAs 
are approximately 21-23 nucleotides in length and are par 
tially complementary to the 3'UTR of one or more target 
messenger RNAs (mRNAs). 
A nomenclature scheme has been Well established for 

microRNAs (Gri?iths-Jones et al., Nucleic Acids Res. 
34:D140-D144, 2006; Ambros et al., RNA 9:277-279, 2003; 
Gri?iths-Jones, Nucleic Acids Res. 32:D109-D111, 2004). 
For example, a microRNA name includes a three or four letter 
species pre?x, such as “hsa” for Homo sapiens, and a numeric 
suf?x, such as “150,” resulting in a complete name of “hsa 
miR-150.” Mature miRNA sequences expressed from more 
than one hairpin precursor molecule are distinguished by 
“—1” and “—2” (such as miR-6-1 and miR-6-2). Related hair 
pin loci expressing related mature microRNA sequences have 
lettered suf?xes (such as miR-181a and miR-181b). In some 
cases, mature miRNAs from both the 5' and 3' arms of the 
hairpin precursor are identi?ed, Which are designated “3p” or 
“Sp” (such as miR-768-3p and miR-768-5p). Viral 
microRNA names relate to the locus from Which the 
microRNA is derived (for example, ebv-miR-BART1 is from 
the Epstein-Barr virus BART locus). 
MicroRNA gene product sequences are Well described 

throughout the scienti?c and patent literature and are avail 
able online through miRBase (WWW.mirbase.org), provided 
by the University of Manchester (previously provided by the 
Sanger Institute). The miRBase registry provides the nucle 
otide sequences of all published animal, plant and viral 
microRNAs (Gri?iths-Jones et al., Nucleic Acids Res. 
36:D154-D158, 2008). Provided by miRBase are the 
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sequences of precursor microRNAs (stem-loop miRNAs), 
mature miRNAs and minor microRNA species (miR*). Pre 
cursor miRNAs predominantly express one species of 
miRNA, referred to as the mature miRNA. However, minor 
miRNA sequences have also been detected and are referred to 
as miR*. 

miR-17-92 gene cluster: Refers to the miR-17-92 tran 
script encoded by mouse chromosome 14 and human chro 
mosome 13, or any homologous miR transcript in another 
species. The miR-17-92 transcript is the precursor for seven 
mature miRs: miR-17-5p, miR-17-3p, miR-18a, miR-19a, 
miR-20, miR-19b and miR-92. This miR cluster is homolo 
gous to the miR-106a cluster on the X chromosome and the 
miR-106-b-25 cluster on chromosome 5. In total, these three 
clusters contain 15 miR stem-loops, giving rise to 14 distinct 
mature miRs that fall into 5 miR families. Each member of 
these families has the identical seed region (the region of the 
miR that is important for binding to the 3'UTR of a target 
mRNA). As used herein, miR-17-92, miR-17-5p, miR-17-3p, 
miR-18a, miR-19a, miR-20, miR-19b and miR-92 refer to the 
respective miRs from any species that encodes these miRs. In 
some embodiments, the miR is a human miR. In other 
embodiments, the miR is a mouse miR. Exemplary miR 
sequences can be obtained from miRBase. In particular 
examples, the precursor and mature forms of human (hsa-) 
and mouse (mmu-) miR-17-5p, miR-17-3p, miR-18a, miR 
19a, miR-20, miR-19b and miR-92 are set forth as SEQ ID 
NOs: 1-26, as listed beloW (miRBase accession numbers are 
listed next to the name of each miR): 

hsa-mir-l7 precursor, MIOOOOO71 
(SEQ ID NO: 

GUCAGAAUAAUGUCAAAGUGCUUACAGUGCAGGUAGUGAUAUGUGCAUC 
1) 

UACUGCAGUGAAGGCACUUGUAGCAUUAUGGUGAC 

hsa-miR-l7 MIMATOOOOO7O 

(SEQ ID NO: 
(hsa-miR-l7-5p) , 

2) 
CAAAGUGCUUACAGUGCAGGUAG 

hsa-miR-l7* (hsa-miR-l7-3p) , MIMATOOOOO71 

(SEQ ID NO: 3) 
ACUGCAGUGAAGGCACUUGUAG 

mmu-mir-l7 precursor, MIOOOO687 
(SEQ ID NO: 

GUCAGAAUAAUGUCAAAGUGCUUACAGUGCAGGUAGUGAUGUGUGCAUC 
4) 

UACUGCAGUGAGGGCACUUGUAGCAUUAUGCUGAC 

MIMATOOOO649 

(SEQ ID NO: 
mmu-miR-l7 (mmu-miR-l7-5p) , 

5) 
CAAAGUGCUUACAGUGCAGGUAG 

mmu-miR-l7* (mmu-miR-l7-3p) , MIMATOOOO65O 

(SEQ ID NO: 6) 
ACUGCAGUGAGGGCACUUGUAG 

hsa-mir-l8a precursor, MIOOOOO72 

(SEQ ID NO: 
UGUUCUAAGGUGCAUCUAGUGCAGAUAGUGAAGUAGAUUAGCAUCUACU 

7) 

GCCCUAAGUGCUCCUUCUGGCA 

hsa-miR-l8a, MIMATOOOOO'72 
(SEQ ID NO: 8) 

UAAGGUGCAUCUAGUGCAGAUAG 

mmu-mir-l8a precursor, MIOOOO567 
(SEQ ID NO: 9) 

UGCGUGCUUUUUGUUCUAAGGUGCAUCUAGUGCAGAUAGUGAAGUAGAC 

UAGCAUCUACUGCCCUAAGUGCUCCUUCUGGCAUAAGAAGUUAUGUC 
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—continued 

mmu-miR-l8a, MIMATOOOO528 
(SEQ ID NO: 10) 

UAAGGUGCAUCUAGUGCAGAUAG 

hsa-mir-l9a precursor, MIOOOOO73 

(SEQ ID NO: 11) 
GCAGUCCUCUGUUAGUUUUGCAUAGUUGCACUACAAGAAGAAUGUAGUU 

GUGCAAAUCUAUGCAAAACUGAUGGUGGCCUGC 

hsa-miR-l9a, MIMATOOOOO'73 
(SEQ ID NO: 12) 

UGUGCAAAUCUAUGCAAAACUGA 

mmu-mir-l9a precursor, MIOOOO6 88 

(SEQ ID NO: 13) 
GCAGCCCUCUGUUAGUUUUGCAUAGUUGCACUACAAGAAGAAUGUAGUU 

GUGCAAAUCUAUGCAAAACUGAUGGUGGCCUGC 

mmu-miR-l9a, MIMATOOOO651 
(SEQ ID NO: 14) 

UGUGCAAAUCUAUGCAAAACUGA 

hsa-mir-20a precursor, MIOOOOO76 

(SEQ ID NO: 15) 
GUAGCACUAAAGUGCUUAUAGUGCAGGUAGUGUUUAGUUAUCUACUGCA 

UUAUGAGCACUUAAAGUACUGC 

hsa-miR-ZOa, MIMATOOOOO75 
(SEQ ID NO: 16) 

UAAAGUGCUUAUAGUGCAGGUAG 

mmu-mir-ZOa precursor, MIOOOO568 
(SEQ ID NO: 17) 

GUGUGAUGUGACAGCUUCUGUAGCACUAAAGUGCUUAUAGUGCAGGUAG 

UGUGUAGCCAUCUACUGCAUUACGAGCACUUAAAGUACUGCCAGCUGUA 

GAACUCCAG 

mmu-miR-ZOa, MIMATOOOO529 
(SEQ ID NO: 18) 

UAAAGUGCUUAUAGUGCAGGUAG 

hsa-mir-l9b-l precursor, MIOOOOO74 

(SEQ ID NO: 19) 
CACUGUUCUAUGGUUAGUUUUGCAGGUUUGCAUCCAGCUGUGUGAUAUU 

CUGCUGUGCAAAUCCAUGCAAAACUGACUGUGGUAGUG 

hsa-miR-l9b, MIMATOOOOO74 
(SEQ ID NO: 20) 

UGUGCAAAUCCAUGCAAAACUGA 

mmu-mir-l9b-l precursor, MIOOOO718 

(SEQ ID NO: 21) 
CACUGGUCUAUGGUUAGUUUUGCAGGUUUGCAUCCAGCUGUAUAAUAUU 

CUGCUGUGCAAAUCCAUGCAAAACUGACUGUGGUGGUG 

mmu-miR-l9b, MIMATOOOO513 
(SEQ ID NO: 22) 

UGUGCAAAUCCAUGCAAAACUGA 

hsa-mir-92a-l precursor, MIOOOOO93 

(SEQ ID NO: 23) 
CUUUCUACACAGGUUGGGAUCGGUUGCAAUGCUGUGUUUCUGUAUGGUA 

UUGCACUUGUCCCGGCCUGUUGAGUUUGG 

hsa-miR- 92a, MIMATOOOOO92 

(SEQ ID NO: 24) 
UAUUGCACUUGUCCCGGCCUGU 
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—continued 
mmu-mir-92a-l precursor, MIOOOO719 

(SEQ ID NO: 25) 
CUUUCUACACAGGUUGGGAUUUGUCGCAAUGCUGUGUUUCUCUGUAUGG 

UAUUGCACUUGUCCCGGCCUGUUGAGUUUGG 

mmu-miR- 92a, MIMATOOOO539 
(SEQ ID NO: 26) 

UAUUGCACUUGUCCCGGCCUG 

Open reading frame (ORF): A series of nucleotide triplets 
(codons) coding for amino acids Without any internal termi 
nation codons. These sequences are usually translatable into 
a peptide. 

Operably linked: A ?rst nucleic acid sequence is operably 
linked With a second nucleic acid sequence When the ?rst 
nucleic acid sequence is placed in a functional relationship 
With the second nucleic acid sequence. For instance, a pro 
moter is operably linked to a coding sequence if the promoter 
affects the transcription or expression of the coding sequence. 
Generally, operably linked DNA sequences are contiguous 
and, Where necessary to join tWo protein-coding regions, in 
the same reading frame. 

Patient: As used herein, the term “patient” includes human 
and non-human animals. The preferred patient for treatment 
is a human. “Patient” and “subject” are used interchangeably 
herein. 

Pharmaceutically acceptable vehicles: The pharmaceuti 
cally acceptable carriers (vehicles) useful in this disclosure 
are conventional. Remington ’s Pharmaceutical Sciences, by 
E. W. Martin, Mack Publishing Co., Easton, Pa., 15th Edition 
(1975), describes compositions and formulations suitable for 
pharmaceutical delivery of one or more therapeutic com 
pounds, molecules or agents. 

In general, the nature of the carrier Will depend on the 
particular mode of administration being employed. For 
instance, parenteral formulations usually comprise injectable 
?uids that include pharmaceutically and physiologically 
acceptable ?uids such as Water, physiological saline, bal 
anced salt solutions, aqueous dextrose, glycerol or the like as 
a vehicle. For solid compositions (for example, poWder, pill, 
tablet, or capsule forms), conventional non-toxic solid cani 
ers can include, for example, pharmaceutical grades of man 
nitol, lactose, starch, or magnesium stearate. In addition to 
biologically-neutral carriers, pharmaceutical compositions to 
be administered can contain minor amounts of non-toxic 
auxiliary substances, such as Wetting or emulsifying agents, 
preservatives, and pH buffering agents and the like, for 
example sodium acetate or sorbitan monolaurate. 

Preventing, treating or ameliorating a disease: “Prevent 
ing” a disease refers to inhibiting the full development of a 
disease. “Treating” refers to a therapeutic intervention that 
ameliorates a sign or symptom of a disease or pathological 
condition after it has begun to develop. “Ameliorating” refers 
to the reduction in the number or severity of signs or symp 
toms of a disease. 

Promoter: A promoter is an array of nucleic acid control 
sequences that directs transcription of a nucleic acid. A pro 
moter includes necessary nucleic acid sequences near the 
start site of transcription, such as in the case of a polymerase 
II type promoter (a TATA element). A promoter also option 
ally includes distal enhancer or repressor elements Which can 
be located as much as several thousand base pairs from the 
start site of transcription. Both constitutive and inducible 
promoters are included (see e.g., Bitter et al., Methods in 
Enzymology 153:516-544, 1987). 

Sequence identity/ similarity: The identity/ similarity 
betWeen tWo or more nucleic acid sequences, or tWo or more 
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amino acid sequences, is expressed in terms of the identity or 
similarity betWeen the sequences. Sequence identity can be 
measured in terms of percentage identity; the higher the per 
centage, the more identical the sequences are. Sequence simi 
larity can be measured in terms of percentage similarity 
(Which takes into account conservative amino acid substitu 
tions); the higher the percentage, the more similar the 
sequences are. Homologs or orthologs of nucleic acid or 
amino acid sequences possess a relatively high degree of 
sequence identity/ similarity When aligned using standard 
methods. This homology is more signi?cant When the 
orthologous proteins or cDNAs are derived from species 
Which are more closely related (such as human and mouse 
sequences), compared to species more distantly related (such 
as human and C. elegans sequences). 

Methods of alignment of sequences for comparison are 
Well knoWn in the art. Various programs and alignment algo 
rithms are described in: Smith & Waterman, Adv. Appl. Math. 
2:482, 1981; Needleman & Wunsch, J. Mol. Biol. 48:443, 
1970; Pearson & Lipman, Proc. Natl. Acad. Sci. USA 
85:2444, 1988; Higgins & Sharp, Gene, 73:237-44, 1988; 
Higgins & Sharp, CABIOS 5:151-3, 1989; Corpet et al., Nuc. 
Acids Res. 16:10881-90, 1988; Huang et al. ComputerAppls. 
in the Biosciences 8, 155-65, 1992; and Pearson et al., Meth. 
Mol. Bio. 24:307-31, 1994. Altschul et al., J. Mol. Biol. 215: 
403-10, 1990, presents a detailed consideration of sequence 
alignment methods and homology calculations. 
The NCBI Basic Local Alignment Search Tool (BLAST) 

(Altschul et al., .1. Mol. Biol. 215:403-10, 1990) is available 
from several sources, including the National Center for Bio 
logical Information (NCBI) and on the internet, for use in 
connection With the sequence analysis programs blastp, 
blastn, blastx, tblastn and tblastx. Additional information can 
be found at the NCBI Web site. 

Subject: Living multi-cellular vertebrate organisms, a cat 
egory that includes human and non-human mammals. 
T Cell: A White blood cell critical to the immune response. 

T cells include, but are not limited to, CD4+ T cells and CD8+ 
T cells. A CD4+ T lymphocyte is an immune cell that carries 
a marker on its surface knoWn as “cluster of differentiation 4” 

(CD4). These cells, also knoWn as helper T cells, help orches 
trate the immune response, including antibody responses as 
Well as killer T cell responses. CD8+ T cells carry the “cluster 
of differentiation 8” (CD8) marker. In some embodiments, a 
CD8+ T cell is a cytotoxic T lymphocyte (CTL). 

Th1-associated miR: Refers to any miR that is preferen 
tially expressed in Th1 versus Th2 cells and/ or promotes the 
Th1 phenotype When expressed (or over-expressed) in T 
cells. In some embodiments herein, the Th1-associated miR 
is the miR-17-92 gene cluster, or a portion thereof. In some 
embodiments, the Th1-associated miR is any one of the 
miR’s listed in FIG. 1C. In other embodiments, the Th1 
associated miR is miR-155 or miR-181a. 

Therapeutically effective amount: A quantity of a speci?ed 
composition, pharmaceutical or therapeutic agent suf?cient 
to achieve a desired effect in a subject, or in a cell, being 
treated With the agent. The effective amount of the agent Will 
be dependent on several factors, including, but not limited to 
the subject being treated, the disease or condition being 
treated, and the manner of administration of the therapeutic 
composition. 

Transduce, Transform, or Transfect: To introduce a nucleic 
acid molecule into a cell, such as a vector encoding a miR. 
These terms encompass all techniques by Which a nucleic 
acid molecule can be introduced into a cell, including but not 
limited to, transduction With viral vectors, transfection With 
plasmid vectors, and introduction of naked DNA by elec 
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troporation and particle gun acceleration. A transfected or 
transformed cell is a cell into Which has been introduced a 
nucleic acid molecule by molecular biology techniques, such 
as a transformed T cell that includes a recombinant promoter 
operably linked to a reporter nucleic acid molecule. In some 
examples, the nucleic acid molecule becomes stably repli 
cated by the cell, for example by incorporation of the nucleic 
acid molecule into the cellular genome, or by episomal rep 
lication. In other examples, the nucleic acid molecule is tran 
siently expressed in the cell. 
Tumor or cancer antigen: A cancer or tumor antigen is an 

antigen that can stimulate tumor-speci?c T-cell immune 
responses. Exemplary tumor antigens include, but are not 
limited to, RAGE-1, tyrosinase, MAGE-l, MAGE-2, NY 
ESO-l, Melan-A/MART-l, glycoprotein (gp) 75, gp100, 
beta-catenin, PRAME, MUM-1, WT-l, CEA, and PR-l. 
Additional tumor antigens are knoWn in the art (for example 
see Novellino et al., Cancer Immunol. Immunolher. 54(3): 
187-207, 2005) and are described beloW. 

Tumor, cancer, neoplasia and malignancy: A neoplasm is 
an abnormal groWth of tissue or cells that results from exces 
sive cell division. Neoplastic groWth can produce a tumor. 
The amount of a tumor in an individual is the “tumor burden” 
Which can be measured as the number, volume, or Weight of 
the tumor. A tumor that does not metastasiZe is referred to as 
“benign.” A tumor that invades the surrounding tissue and/or 
can metastasiZe is referred to as “malignant.” Malignant 
tumors are also referred to as “cancer.” 

Hematologic cancers are cancers of the blood or bone 
marroW. Examples of hematological (or hematogenous) can 
cers include leukemias, including acute leukemias (such as 
acute lymphocytic leukemia, acute myelocytic leukemia, 
acute myelogenous leukemia and myeloblastic, promyelo 
cytic, myelomonocytic, monocytic and erythroleukemia), 
chronic leukemias (such as chronic myelocytic (granulo 
cytic) leukemia, chronic myelogenous leukemia, and chronic 
lymphocytic leukemia), polycythemia vera, lymphoma, 
Hodgkin’s disease, non-Hodgkin’s lymphoma (indolent and 
high grade forms), multiple myeloma, Waldenstrom’s mac 
roglobulinemia, heavy chain disease, myelodysplastic syn 
drome, hairy cell leukemia and myelodysplasia. In some 
cases, lymphomas are considered solid tumors. 

Solid tumors are abnormal masses of tissue that usually do 
not contain cysts or liquid areas. Solid tumors can be benign 
or malignant. Different types of solid tumors are named for 
the type of cells that form them (such as sarcomas, carcino 
mas, and lymphomas). Examples of solid tumors, such as 
sarcomas and carcinomas, include ?brosarcoma, myxosar 
coma, liposarcoma, chondrosarcoma, osteosarcoma, and 
other sarcomas, synovioma, mesothelioma, EWing’s tumor, 
leiomyosarcoma, rhabdomyosarcoma, colon carcinoma, 
lymphoid malignancy, pancreatic cancer, breast cancer, lung 
cancers, ovarian cancer, prostate cancer, hepatocellular car 
cinoma, squamous cell carcinoma, basal cell carcinoma, 
adenocarcinoma, sWeat gland carcinoma, medullary thyroid 
carcinoma, papillary thyroid carcinoma, pheochromocyto 
mas sebaceous gland carcinoma, papillary carcinoma, papil 
lary adenocarcinomas, medullary carcinoma, bronchogenic 
carcinoma, renal cell carcinoma, hepatoma, bile duct carci 
noma, choriocarcinoma, Wilms’ tumor, cervical cancer, tes 
ticular tumor, seminoma, bladder carcinoma, melanoma, and 
CNS tumors (such as a glioma (such as brainstem glioma and 
mixed gliomas), glioblastoma (also knoWn as glioblastoma 
multiforme) astrocytoma, CNS lymphoma, germinoma, 
medulloblastoma, SchWannoma craniopharyogioma, 
ependymoma, pinealoma, hemangioblastoma, acoustic neu 
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14 
roma, oligodendroglioma, menangioma, neuroblastoma, ret 
inoblastoma and brain metastasis). 

Vector: A vector is a nucleic acid molecule alloWing inser 
tion of foreign nucleic acid Without disrupting the ability of 
the vector to replicate and/or integrate in a host cell. A vector 
can include nucleic acid sequences that permit it to replicate 
in a host cell, such as an origin of replication. A vector can 
also include one or more selectable marker genes and other 
genetic elements. An expression vector is a vector that con 
tains the necessary regulatory sequences to alloW transcrip 
tion and translation of inserted gene or genes. In some 
embodiments herein, the vector is a plasmid vector. In other 
embodiments, the vector is a viral vector. In some examples, 
the viral vector is a lentiviral vector. 

Unless otherWise explained, all technical and scienti?c 
terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
disclosure belongs. The singular terms “a,” “an,” and “the” 
include plural referents unless context clearly indicates oth 
erWise. Similarly, the Word “or” is intended to include “and” 
unless the context clearly indicates otherWise. Hence “com 
prising A or B” means including A, or B, or A and B. It is 
further to be understood that all base siZes or amino acid siZes, 
and all molecular Weight or molecular mass values, given for 
nucleic acids or polypeptides are approximate, and are pro 
vided for description. Although methods and materials simi 
lar or equivalent to those described herein can be used in the 
practice or testing of the present disclosure, suitable methods 
and materials are described beloW. All publications, patent 
applications, patents, and other references mentioned herein 
are incorporated by reference in their entirety. In addition all 
GenBank accession numbers and miRBase accession num 
bers are herein incorporated by reference as they appear in the 
database on Jun. 17, 2010. In case of con?ict, the present 
speci?cation, including explanations of terms, Will control. In 
addition, the materials, methods, and examples are illustra 
tive only and not intended to be limiting. 
III. OvervieW of Several Embodiments 

Disclosed herein is the identi?cation of miRs differentially 
regulated betWeen type-1 and type-2 T cells. MicroRNA 
microarray analyses Was performed on in vitro differentiated 
Th1 and Th2 cells to identify differentially expressed miRs. 
The miR microarray analyses identi?ed the miR-17-92 clus 
ter as one of the most signi?cantly over-expressed miRs in 
Th1 cells When compared With Th2 cells. A number of addi 
tional miRs preferentially expressed in Th1 cells (referred to 
herein as “Th1-associated miRs”) are listed in FIG. 1C. 

It is demonstrated herein that T cells from tumor bearing 
mice and glioma patients have decreased levels of miR- 1 7-92 
When compared With cells from non-tumor bearing counter 
parts. CD4+ T cells derived from miR-17-92 transgenic mice 
demonstrated superior type-1 phenotype With increased 
IFN-y production and VLA-4 expression When compared 
With counterparts derived from Wild type mice. In addition, T 
cells ectopically expressing increased levels of miR-17-92 
cluster members demonstrated increased IL-2 production and 
resistance to AICD. It is further demonstrated that miR-17-92 
transgenic mice (Which over-express miR-17-92 in T cells) 
exhibit signi?cantly smaller tumors and/or greater length of 
survival folloWing tumor challenge With either B16 mela 
noma cells or GL261 glioma cells. Thus, genetic engineering 
of T cells to express miR-17-92, or other Th1-associated 
miRs, is contemplated herein as neW approach for cancer 
immunotherapy. 

Provided is an isolated T cell comprising a heterologous 
nucleic acid molecule encoding at least one, at least tWo, at 
least three, at least four, at least ?ve, at least six or at least 


































