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GLYPCAN-3-SPECIFIC ANTIBODY AND 
USES THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority to U.S. Provisional 
Application Ser. No. 61/557,174, filed Nov. 8, 2011, the con 
tents of which are incorporated by reference herein in their 
entirety. 

BACKGROUND OF THE INVENTION 

0002 Hepatocellular carcinoma (HCC) is the fifth most 
common cancer and the third most common cause of cancer 
related death worldwide (EI-Serag, 2002, J Clin Gastroenter 
ology 35:S72-78). During transformation from dysplastic 
regenerating hepatocytes to malignant hepatoma cells, sev 
eral tumor-associated proteins are expressed that potentially 
could allow immune discrimination of malignanthepatocytes 
from surrounding non-tumor cells. Glypican-3 (GPC3), an 
oncofetal antigen re-expressed in a high frequency of neo 
plastic hepatocytes (Vidali, et al., 2008, Jhepatol 48:399-406; 
Verbeeck, et al., 2008..J Clin Microbiol 46:1901-1906; Levr 
ero, et al., 2009, Jhepatol 51:581-592: Shaker, et al., 2009, Br 
J Dermatol 160:980-983) has emerged as a useful immuno 
histochemical diagnostic test (Anatelli, et al., 2008, Am J Clin 
Path 130:219-223; Baumhoer, et al., 2008, Am J Clin Path 
129:899-906; Coston, et al., 2008, Am J Surg Pathol 32:433 
444) and potential biomarker (Aburatani, 2005, J Gastroen 
terol 40. S16:1-6: Capurro, et al., 2005, Cancer Res 65:372: 
Capurro, et al., 2003. Gastroenterology 125:89-97; Hippo, et 
al., 2004, Cancer Res 64:2418-2423) for hepatocellular car 
cinoma. Glypican-3 appears critical for the association of 
growth factors such as IGF-2. BMP-7 and FGF-2 with growth 
factor receptors (Thapa, et al., 2009, J Paediatr Child Health 
45:71-72; Zittermann, et al., 2010, Int J Cancer 126:1291 
1301) but also may play an immunomodulatory role (Takai, et 
al., 2009, Cancer BiolTher8:2329-2338). Inhibition of glypi 
can-3 function via knockdown (Ruan, et al., 2011, IntJ Mol 
Med28:497-503; Sun, et al., 2011, Neoplasia 13:735-747) or 
competition (Zittermann, et al., 2010, IntJ Cancer 126:1291 
1301: Feng, et al., 2011, Int J Cancer 128:2246-2247) has a 
profound negative effect on HCC cell line proliferation. 
Unlike any other tumor antigen associated with hepatocellu 
lar carcinoma to date, GPC3 is a glycophosphatidylinositiol 
linked membrane-associated protein with a large extracellu 
lar domain attractive for antibody-directed therapy. An anti 
glypican-3 antibody that induces antibody-dependent 
cytotoxicity has been shown to have anti-tumor effect in a 
Xenograft animal model of hepatocellular carcinoma (Takai, 
et al., 2009, Cancer Biol Ther 8: 2329-38); this antibody has 
subsequently been humanized (Nakano, et al. 2010, Antican 
cer Drugs 21:907-916) and is entering human clinical trials. 
Thus the relative specific expressions of GPC3 on cell surface 
ofmalignant HCC tissues make it an attractive target for HCC 
tumor immunotherapy. However, the GPC3-specific T bod 
ies, particularly the GPC3-specific Schvas targeting moieties, 
remain under development. The present invention addresses 
this need. 

SUMMARY OF THE INVENTION 

0003. The invention provides an isolated polynucleotide 
encoding a human anti-GPC3 antibody or a fragment thereof 
comprising a heavy chain and light chain, wherein the amino 
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acid sequence of the heavy chain is selected from the group 
consisting of SEQ ID NOs: 12-16 and the amino acid 
sequence of the light chain is selected from the group con 
sisting of SEQID NOs: 17-21. 
0004. In one embodiment, the isolated polynucleotide 
encoding a human anti-GPC3 antibody or a fragment com 
prises nucleic acid sequences for a heavy chain and light 
chain, wherein the nucleic acid sequence of the heavy chain is 
selected from the group consisting of SEQID NOs: 52-56 and 
the nucleic acid sequence of the light chain is selected from 
the group consisting of SEQID NOs: 57-61. 
0005. The invention also provides an isolated polypeptide 
encoding a human anti-GPC3 antibody or fragment thereof 
comprising a heavy chain and light chain, wherein the amino 
acid sequence of the heavy chain is selected from the group 
consisting of SEQ ID NOs: 12-16 and the amino acid 
sequence of the light chain is selected from the group con 
sisting of SEQID NOs: 17-21. 
0006. In one embodiment, the antibody fragment com 
prises afragment selected from the group consisting of an Fab 
fragment, an F(ab') fragment, an Fv fragment, and a single 
chain Fv (sclv). 
0007. The invention also provides a method for diagnos 
ing a condition associated with the expression of GPC3 in a 
cell, the method comprising a) contacting the cell with a 
human anti-GPC3 antibody fragment comprising a heavy 
chain and light chain, wherein the amino acid sequence of the 
heavy chain is selected from the group consisting of SEQID 
NOs: 12-16 and the amino acid sequence of the light chain is 
selected from the group consisting of SEQID NOs: 17-21; 
and b) detecting the presence of GPC3 wherein the presence 
of GPC3 diagnoses for a condition associated with the expres 
Sion of GPC3. 

0008. The invention also provides a method of diagnosing, 
prognosing, or determining risk of liver cancer in a mammal, 
the method comprising detecting the expression of GPC3 in a 
sample derived from the mammal, the method comprising: a) 
contacting the sample with a human anti-GPC3 antibody 
fragment comprising a heavy chain and light chain, wherein 
the amino acid sequence of the heavy chain is selected from 
the group consisting of SEQID NOs: 12-16 and the amino 
acid sequence of the light chain is selected from the group 
consisting of SEQID NOs: 17-21; and b) detecting the pres 
ence of GPC3 wherein the presence of GPC3 diagnoses for 
cancer in the mammal. 

0009. The invention also includes a method of inhibiting 
growth of a GPC3-expressing tumor cell, the method com 
prising contacting the tumor cell with a human anti-GPC3 
antibody or a fragment thereof comprising a heavy chain and 
light chain, wherein the amino acid sequence of the heavy 
chain is selected from the group consisting of SEQID NOs: 
12-16 and the amino acid sequence of the light chain is 
selected from the group consisting of SEQID NOs: 17-21. 
0010. The invention also provides an isolated nucleic acid 
sequence encoding a chimeric antigen receptor (CAR), 
wherein the isolated nucleic acid sequence comprises the 
sequence of a human GPC3 binding domain and the sequence 
of a CD3 Zeta signaling domain. 
0011. In one embodiment, the isolated nucleic acid 
sequence encoding a CAR comprises the sequence of a co 
stimulatory signaling domain. 
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0012. In one embodiment, the co-stimulatory signaling 
domain is selected from the group consisting of the CD2S 
signaling domain, the 4-1BB signaling domain, and any com 
bination thereof. 
0013. In one embodiment, the human GPC3 binding 
domain is a human antibody or a fragment thereof selected 
from the group consisting of an Fab fragment, an F(ab') 
fragment, an Fv fragment, and a single chain FV (ScPV). 
0014. In one embodiment, the antibody or a fragment 
thereof comprises a heavy chain and light chain, wherein the 
amino acid sequence of the heavy chain is selected from the 
group consisting of SEQID NOs: 12-16 and the amino acid 
sequence of the light chain is selected from the group con 
sisting of SEQID NOs: 17-21. 
0015. In one embodiment, the antibody or a fragment 
thereof comprises nucleic acid sequences for a heavy chain 
and light chain, wherein the nucleic acid sequence of the 
heavy chain is selected from the group consisting of SEQID 
NOs: 52-56 and the nucleic acid sequence of the light chain is 
selected from the group consisting of SEQID NOs: 57-61. 
0016. The invention provides an isolated chimericantigen 
receptor (CAR) comprising a human GPC3 binding domain 
and a CD3 Zeta signaling domain. 
0017. In one embodiment, the CAR further comprises the 
sequence of a co-stimulatory signaling domain. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018. The following detailed description of preferred 
embodiments of the invention will be better understood when 
read in conjunction with the appended drawings. For the 
purpose of illustrating the invention, there are shown in the 
drawings embodiments which are presently preferred. It 
should be understood, however, that the invention is not lim 
ited to the precise arrangements and instrumentalities of the 
embodiments shown in the drawings. 
0019 FIG. 1, comprising FIG. 1A through FIG. 1C, is a 
series of images demonstrating target antigens applied to 
screen yeast display library. FIG. 1A is a schematic diagram 
of the primary structure of two antigen approaches selected 
from hGPC3 protein. The 29mer hCPC3soss peptide and 
truncated hCPC3 fused with GST are represented by gray 
regions. Two glycosaminoglycan binding site (Gag) and 
putative glycosylphosphatidyl-inositol (GPI) anchor regions 
within the C-terminal hydrophobic region of hCPC3 are 
shown. FIG. 1B depicts an image of SDS-PAGE gel stained 
with Coomassie brilliant blue showing the expressed GST 
fusion protein. BL21 bacteria transformed with the plasmid 
pGEX-4T/GPC3, encoding a GST-human/mouse GPC3 
fusion protein, were induced to express the recombinant pro 
tein in presence of IPTG. Recombinant proteins were purified 
by glutathione agarose beads. The purified proteins (10 
ul/each) were electrophoresed on a 10% SDS-PAGE gel for 
analysis. FIG. 1C is an image confirming of the purified 
recombinant protein by western blot. The purified recombi 
nant protein were subjected to 10% SDS-PAGE and trans 
ferred to a nitrocellulose filter. The filter was probed with a 
commercial monoclonal anti-human GPC3 antibody (clone 
1G12). Note the cross-reactivity of murine GPC3 with 1G12 
control antibody. 
0020 FIG. 2, comprising FIG. 2A and FIG. 2B, is a series 
of images demonstrating enrichment of hCGPC3-reactive 
sch vs. FIG. 2A depicts surface co-localization of hCPC3 
reactive yeast cells after two rounds of MACS-sorting. Yeast 
display library were incubated with target antigens and 

Oct. 30, 2014 

MACS sorting were performed. hCPC3-reactive yeast are 
double-labeled with mouse anti-c-myc detected with anti 
mouse Alexa Fluor 488 secondary and biotinylated hCPC3 
GST detected by streptavidin-phycoerythrin. FIG. 2B is an 
image demonstrating Successful enrichment of hCPC3-reac 
tive yeast cells by three rounds of FACS sorting. Representa 
tive FACS sorting using 29mer peptide hCPC3ssoss antigen 
was shown. Gradually decreasing concentration of antigen 
was utilized in each round. Yeast cells without antigen incu 
bation were used as control. In third FACS sorting, the PE 
conjugated neutravidin was used in order to minimize enrich 
ment of streptavidin-specific scFv also present in the library. 
(0021 FIG. 3, comprising FIG. 3A through FIG. 3C, is a 
series of images demonstrating validation of ScFv specificity 
by ELISA. FIG. 3A depicts preparation of soluble schvs. 
schv cDNA amplified from the enriched yeast population was 
co-transformed into YVH10 yeast using p416-BCCR vector. 
Yeast was induced to secrete scFvs with 2% galactose. Cul 
ture supernatant (5 ul) was loaded into SDS-PAGE gel for 
detection by anti-V5 mAb in Western Blot. Approximately 
80% of yeast transformants produced soluble scFv. FIG. 3B 
depicts the results of ELISA screening of 576 scFv for bind 
ing to hGPC3-GST. Maxsorb plates were coated with 
hGPC3-GST and GST protein. Sclvs were incubated in plates 
then washed extensively. HRP-conjugated anti-V5 mAb was 
used for quantification of binding. Each Schv was tested in 
parallel for binding to hCGPC3-GST and GST FIG.3C depicts 
that scFvs with highest hCPC3-GST/GST binding ratio were 
screened for binding to full length hCPC3 protein expressed 
by mammalian cells. 
0022 FIG. 4, comprising FIG. 4A through FIG. 4C, is a 
series of images demonstrating affinity assessment of ScFVS. 
FIG. 4A depicts the results of immunoblotanalysis of binding 
of sclv to rhGPC3. The antigens including rhGPC3 and GST 
protein were spotted onto cellulose membrane (10 ng/each). 
After the blocking step the membrane were incubated with 
the schvs antibody in room temperature for 1 h. The binding 
of scFv to antigen was detected by incubation with mouse 
anti-V5 mAb following by infrared dye IR680-labeled anti 
mouse antibodies. PBS was used as negative control. FIG. 4B 
depicts results of direct ELISA for affinity determination of 
scEv 3E11. Two different concentrations of rhGPC3 protein 
(0.5 and 1.0 ug/ml) were coated and incubated with serial 
diluted scFw 3E11. For detection, mouse-sourced anti-V5 
mAb following HRP-conjugated anti-mouse antibody and 
SureBlue substrate (measured at 450 nm) was used. FIG. 4C 
depicts EC50 values for 5 candidate schvs determined by 
direct ELISA, Assays were performed twice separately for 
each scv. 

(0023 FIG. 5, comprising FIG. 5A through 5D, is a series 
of images demonstrating that SchvS specifically bind glypi 
can-3-expressing cell lines. FIG. 5A is an image of a Western 
blot confirming the expression of glypican-3 in HepG2 and 
293T.GPC3, knockdown in HepG2.sh57, and absence of 
expression in parental 293T and Hss 78t. 1 G12 antibody was 
used for detection. FIG. 5B is an image depicting the detec 
tion of hCGPC3 expression on HepG2 and Hss78T cells by 
immunofluorescent microscopy using commercial 1 G12 
anti-GPC3 mAb followed by anti-mouse Alexa Fluor 488. 
FIG.5C is an image depicting binding of schvs to HepG2and 
Hs578T cells by flow cytometry using indicated scFv or 1G12 
mAb followed by either APC-conjugated anti-V5 mAb or 
anti-mouse IR680 (for 1G12 only). Cells incubated with iso 
type antibody were used as negative control (grey area). FIG. 
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5D is an image of immunofluorescence of scFvs (detected 
with anti-V5 Alexa Fluor 488) detected on HepG2.tdTomato. 
0024 FIG. 6, comprising FIG. 6A through FIG. 6E, is a 
series of images demonstrating Schv Validation by HepG2 
and HepG2-shRNA cell lines. FIG. 6A depicts screening 
results of shRNAs for hCGPC3 silencing. HEK 293 cells were 
transfected with shRNA-harboring pSIREN-ZsGreen vector 
and hCPC3s ss expressing plasmid. Expression of myc 
tagged hCPC3 sesss was assessed by Western blot using 
anti-myc antibody. GAPDH was used as control. FIG. 6B and 
FIG. 6C depict lower expression of hCGPC3 in HepG2-sh;57 
expressing cells. Stable sh;57 expression was established in 
HepG2 cell line via retroviral transduction. hCPC3 expres 
sion in these cells was detected by FACS using anti-GPC3 
antibody (1012) followed by anti-mouse APC. Unstained 
HepG2 cells (grey area), mouse isotype control-stained 
HepG2 (black line), HepG2 cells, and HepG2-sh;57 are 
shown. The mean fluorescent intensity of 3E11 scFv binding 
in HepG2 and HepG2-sh;57 cells were calculated in FIG. 6C. 
FIG. 6D depicts scFv binding to surface of HepG2 (black 
line) and HepG2-sh;57 (grey area) cells demonstrated by 
FACS. Cells were incubated with the indicated scFVs and 
detected by APC-conjugated anti-V5 mAb. FIG. 6E, is a 
series of images of differential confocal immunofluorores 
cence staining of schv with HepG2 (GFP-negative) and 
HepG2.sh57 (GFP-positive) cells. The cellular mixture of 
HepG2 and HepG2.sh57 (1:1) was cultured in slice chamber. 
Cells were stained with the indicated schv and detected by 
anti-V5 mAb followed by anti-mouse Alexa Fluor 546 sec 
ondary antibody. 
0025 FIG. 7, comprising FIGS. 7A and 7B, is a series of 
images demonstrating the lack of impact that ScFVs have on 
the proliferation of HepG2 cells. FIG. 7A is an image dem 
onstrating validation of an MTT assay as a measurement of 
growth of HepG2. HepG2 and HepG2.sh;57 cell lines that 
were grown for 4 days in culture. Manual counting with 
hematocytonmeter of trypsinized cells correlated Strongly 
with MTT OD450 (R=0.99). FIG. 7B is an image demon 
strating the effect of schv on cell line proliferation. MT 
OD450 for HepG2 cultured for 2 or 4 days in the presence or 
absence of 2E10, 3E11, 3D8, 4G5, and 2G9 at 1 g/ml 
showed no evidence of growth inhibition. 
0026 FIG. 8, comprising FIG. 8A through 8D, is a series 
of images demonstrating generation of anti-hGPC3 chimeric 
antigen receptor engineered T cells. FIG. 8A is a diagram of 
lentiviral vectors encoding hCPC3-specific scFv-based CAR 
constructs. CARs with hCPC3-specific scFv fused with 
CD3) in combination with CD137 and/or CD28 costimula 
tory module or truncated CD3; (negative control) were con 
structed. FIG. 8B depicts western blotting of CAR CD3C 
expression in plasmid-transformed 293T cells. Lane 1: non 
transduced cells as negative control: Lane 2:3E11-dZLane 3: 
3E11-BBZ: Lane 4:3E11-28BBZ. FIG.8C depicts transduc 
tion efficiency of lentiviral particles in peripheral blood-iso 
lated T cells. Lentivirus encoding GFP. prepared with the 
same conditions as the other lentivius, were transduced into 
peripheral blood-isolated T cells from healthy donor. GFP 
expression in T cells was analyzed after two and ten days 
infection. FIG. 8D depicts flag expression on the surface of 
transduced T cells. One protein tag FLAG was inserted at the 
N-terminal of the lentiviral plasmid 3E11-28BBZ, and its 
expression on the 3E11-28BBZ lentivirus-transduced T cells 
were detected by FACS using anti-Flag mab following Alex 
546-labelled secondary antibody. 
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(0027 FIG. 9 is an image depicting results of 3E11-CAR 
expression on human T cells after transductimon with lentivi 
rus compared with parallel untransduced T cells. CD3+ T 
cells isolated from peripheral blood of healthy donor were 
placed in culture with anti-CD3/CD28 beads. The cells were 
transduced 1 day later with lentivirus encoding 3E11-dz, and 
3E11-BBZ and 3E 1-28BZ. The third day after culture initia 
tion, the cells were analyzed for CAR expression by staining 
with anti-human Fab antibodies or isotype control antibodies. 
The activated but untransduced cells were used as control. 
Percent transduction is indicated. 

(0028 FIG. 10, comprising FIGS. 10A and 10B, is a series 
of images depicting Surface expression of GPC3 expression 
and antigen-specific lysis of GPC3-positive tumor cells. FIG. 
10A depicts surface GPC3 expression as shown by solid 
black line in several human cancer cell lines by flow cytom 
etry; isotype antibody as shown by grey area was used as 
negative control. FIG. 10B depicts antigen-specific lysis of 
GPC3-positive tumor cells by human T lymphocytes trans 
duced with 3E11-CARs in Crs 1-release assay at the indicated 
E/T ratio. 3E11-dZ transduced or GFP-transduced human T 
lymphocytes served as controls. 
(0029 FIG. 11, comprising FIGS. 11A through 11C, is a 
series of images depicting schematics of a working model. 
FIG. 11A depicts that region against which schvs for glypi 
can-3 were developed and validated. FIG. 11B depicts struc 
ture of chimeric antigen receptor (CAR) and signaling 
domains. FIG. 11C depicts overall schema of redirecting 
T-cells based on CAR recognition of surface antigen to acti 
vate T-cells independent of T-cell receptor: HLA interactions. 
0030 FIG. 12, comprising FIG. 12A through 12D, is a 
series of images demonstrating Schv candidates generated 
against recombinant GPC3-GST fusion protein bind specifi 
cally glypican-3-expressing human cell lines. FIG. 12A 
depicts binding of candidate scFV by FACS to HepG2 
(GPC3+) and 293T (GPC3-) cell lines. Either no scFv and no 
anti-V5 APC (gray shaded unstained control), no scFv plus 
anti-V5 APC (fluorochrome control), or 20 ul sclv-contain 
ing yeast culture supernatant plus anti-V5 APC as shown by 
black line were incubated x30 min, washed, then acquired on 
BDFACSCanto. FIG.12B depicts binding of sclv to HepG2. 
tdTomato (red) detected by anti-myc Alexa488.1 G12 is com 
mercial positive control antibody. FIG. 12C depicts knock 
down of GPC3 expression (90% by sh;57) and reduction of 
schv binding in shRNA57-transduced HepG2 cells. 
shRNA57 was constructed in bicistronic retroviral vector 
encoding GFP (left and right). Sclv binding to cell membrane 
(center and right) is significantly reduced in GFP+knocked 
down HepG2 cells. FIG. 121) depicts binding affinity curves 
determined by ELISA. rhGPC3 at 1 ug/ml was precoated in 
96 well plates and schv added at 0.5-1 log dilutions over 
possible binding affinity range. EC50 were determined using 
antigen-antibody reaction equation. 
0031 FIG. 13, comprising FIG. 13A through FIG. 13C, is 
a series of images demonstrating generation of anti-hGPC3 
chimeric antigen receptor engineered T cells. FIG. 13A 
depicts "Crassay incubating GPC3 CAR with HepG2. 
GFP2ALuc hCPC3+ cells. Transduction efficiency was 
approximately 50% for all constructs. FIG. 13B depicts 
knockdown abrogates killing by CART-cells against HepG2. 
sh57. FIG. 3C depicts the result of Crassays of CAR trans 
duced T-cells against HCE4 (hGPC3+), Hepa1-6 which 
expresses murine GPC3 homologue for which no cross-reac 
tivity seen, hs578t (GPC3-) and K562 (GPC3-). 
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DETAILED DESCRIPTION 

0032. The present invention is based partly on the identi 
fication of human-derived antibodies that specifically bind to 
glypican-3 (GPC3). The antibodies of the invention can be 
used for diagnostic and in Vivo therapeutic applications. In 
embodiment, a peptide containing amino acids 530-558 or 
368-548 of human GPC3 was used to screen a paired display/ 
secretory yeast library to isolate human-derived scEv against 
GPC3. 
0033. In one embodiment, the schv antibodies of the 
invention can be used for diagnosing the presence of GPC3 in 
a biological sample. In one embodiment, the Sclv antibodies 
of the invention can be used for diagnosing the presence of 
GPC3 in a tumor cell. 
0034. In one embodiment, the schv antibodies of the 
invention can be used for therapy against a disease, disorder 
or condition associated with dysregulation of GPC3 expres 
sion. In one embodiment, the scEvantibodies of the invention 
can be used for cancer therapy against cancers associated with 
dysregulated expression of GPC3. 
0035. The present invention relates generally to the treat 
ment of a patient having a cancer associated with dysregu 
lated expression of Glypican-3 (GPC3), or at risk of having a 
cancer associated with dysregulated expression of GPC3, 
using cellular infusion. In one embodiment, lymphocyte in 
fusion, preferably autologous lymphocyte infusion is used in 
the treatment. 
0036. In one embodiment, PBMCs are collected from a 
patient in need of treatment and T cells therefrom are engi 
neered and expanded using the methods described herein and 
then infused back into the patient. In another embodiment, 
autologous or heterologous NK cells or NK cell lines are 
engineered and expanded using the methods described herein 
and then infused back into the patient. The invention should 
not be limited to a particular cell or cell type. Rather, any cell 
or cell type can be engineered and expanded using the meth 
ods described herein and then infused back into the patient. 
0037. The present invention also relates generally to the 
use of T cells engineered to express a Chimeric Antigen 
Receptor (CAR). CARS combine an antigen recognition 
domain of a specific antibody with an intracellular signaling 
molecule. For example, the intracellular signaling molecule 
can include but is not limited to CD3-Zeta chain, 4-1BB and 
CD28 signaling nodules and combinations thereof. Prefer 
ably, the antigen recognition domain binds to GPC3. More 
preferably, the antigen recognition domain comprises a fully 
human anti-GPC3. Accordingly, the invention provides a 
fully human anti-GPC3-CAR engineered into a T cell and 
methods of their use for adoptive therapy. 
0038. In one embodiment, the invention includes autolo 
gous cells that are transfected with a vector comprising a 
fully-human anti-GPC3 CAR transgene. Preferably, the vec 
tor is a retroviral vector. More preferably, the vector is a 
self-inactivating lentiviral vector as described elsewhere 
herein. 
0039. In one embodiment, the anti-GPC3-CART cells of 
the invention can be generated by introducing a lentiviral 
vector comprising a GCPC3 binding domain. CD8C. hinge 
and transmembrane domain, and a CD37eta signaling domain 
into the cells. In some instances, the vector further comprises 
the signaling domain of 4-1 BB. CD28, or a combination of 
both. In one embodiment, the CAR-modified T cells of the 
invention are able to replicate in vivo resulting in long-term 
persistence that can lead to Sustained tumor control. 
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0040. In one embodiment, the schv antibodies of the 
invention can be cloned into vectors that allow expression in 
cis with cellular cytotoxins. The combination of the schv 
antibodies with cellular cytotoxins can be used for transarte 
rial infusion into patients in need thereof. 

DEFINITIONS 

0041 Unless defined otherwise, all technical and scien 
tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which the 
invention pertains. Although any methods and materials simi 
lar or equivalent to those described herein can be used in the 
practice for testing of the present invention, the preferred 
materials and methods are described herein. In describing and 
claiming the present invention, the following terminology 
will be used. 
0042. It is also to be understood that the terminology used 
herein is for the purpose of describing particular embodi 
ments only, and is not intended to be limiting. 
0043. The articles “a” and “an are used herein to refer to 
one or to more than one (i.e., to at least one) of the granunati 
cal object of the article. By way of example, “an element' 
means one element or more than one element. 
0044 About as used herein when referring to a measur 
able value Such as an amount, a temporal duration, and the 
like, is meant to encompass variations of +20% or +10%, 
more preferably +5%, even more preferably +1%, and still 
more preferably +0.1% from the specified value, as such 
variations are appropriate to perform the disclosed methods. 
0045. The term “antibody.” as used herein, refers to an 
immunoglobulin molecule which specifically binds with an 
antigen. Antibodies can be intact immunoglobulins derived 
from natural sources or from recombinant sources and can be 
immunoreactive portions of intact immunoglobulins. Anti 
bodies are typically tetramers of immunoglobulin molecules. 
The antibodies in the present invention may exist in a variety 
of forms including, for example, polyclonal antibodies, 
monoclonal antibodies, Fv, Fab and F(ab), as well as single 
chain antibodies (sclv) and humanized antibodies (Harlow et 
al., 1999. In: Using Antibodies: A Laboratory Manual, Cold 
Spring Harbor Laboratory Press, NY: Harlow et al., 1989, In: 
Antibodies: A Laboratory Manual. Cold Spring Harbor, N.Y.: 
Houston et al., 1988. Proc. Natl. Acad. Sci. USA 85:5879 
5883; Bird et al., 1988. Science 242:423-426). 
0046. The term “antibody fragment” refers to a portion of 
an intact antibody and refers to the antigenic determining 
variable regions of an intact antibody. Examples of antibody 
fragments include, but are not limited to, Fab, Fab'. F(ab')2. 
and Fv fragments, linear antibodies, scFV antibodies, and 
multispecific antibodies formed from antibody fragments. 
0047. An “antibody heavy chain, as used herein, refers to 
the larger of the two types of polypeptide chains present in all 
antibody molecules in their naturally occurring conforma 
tions. 
0048. An “antibody light chain, as used herein, refers to 
the Smaller of the two types of polypeptide chains present in 
all antibody molecules in their naturally occurring conforma 
tions. Kandw light chains refer to the two majorantibody light 
chain isotypes. 
0049. By the term “synthetic antibody' as used herein, is 
meant an antibody which is generated using recombinant 
DNA technology, such as, for example, an antibody 
expressed by a bacteriophage as described herein. The term 
should also be construed to mean an antibody which has been 
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generated by the synthesis of a DNA molecule encoding the 
antibody and which DNA molecule expresses an antibody 
protein, or an amino acid sequence specifying the antibody, 
wherein the DNA or amino acid sequence has been obtained 
using synthetic DNA or amino acid sequence technology 
which is available and well known in the art. 
0050. The term “antigen' or “Agas used herein is defined 
as a molecule that provokes an immune response. This 
immune response may involve either antibody production, or 
the activation of specific immunologically-competent cells, 
or both. The skilled artisan will understand that any macro 
molecule, including virtually all proteins or peptides, can 
serve as an antigen. Furthermore, antigens can be derived 
from recombinant or genomic DNA. A skilled artisan will 
understand that any DNA, which comprises a nucleotide 
sequences or apartial nucleotide sequence encoding a protein 
that elicits an immune response therefore encodes an “anti 
gen” as that term is used herein. Furthermore, one skilled in 
the art will understand that an antigen need not be encoded 
solely by a full length nucleotide sequence of a gene. It is 
readily apparent that the present invention includes, but is not 
limited to, the use of partial nucleotide sequences of more 
than one gene and that these nucleotide sequences are 
arranged in various combinations to elicit the desired immune 
response. Moreover, a skilled artisan will understand that an 
antigen need not be encoded by a “gene' at all. It is readily 
apparent that an antigen can be generated synthesized or can 
be derived from a biological sample. Such a biological sample 
can include, but is not limited to a tissue sample, a tumor 
sample, a cell or a biological fluid. 
0051. The term “anti-tumor effect as used herein, refers 

to a biological effect which can be manifested by a decrease 
in tumor volume, a decrease in the number of tumor cells, a 
decrease in the number of metastases, an increase in life 
expectancy, or amelioration of various physiological Symp 
toms associated with the cancerous condition. An “anti-tumor 
effect” can also be manifested by the ability of the peptides, 
polynucleotides, cells and antibodies of the invention in pre 
vention of the occurrence of tumor in the first place. 
0.052 The term “autoimmune disease' as used herein is 
defined as a disorder that results from an autoimmune 
response. An autoimmune disease is the result of an inappro 
priate and excessive response to a self-antigen. Examples of 
autoimmune diseases include but are not limited to, Addis 
ion's disease, alopecia greata, ankylosing spondylitis, 
autoimmune hepatitis, autoimmune parotitis, Crohn's dis 
ease, diabetes (Type I), dystrophic epidermolysis bullosa, 
epididymitis, glomerulonephritis, Graves' disease, Guillain 
Barr syndrome, Hashimoto's disease, hemolytic anemia, sys 
temic lupus erythematosus, multiple Sclerosis, myasthenia 
gravis, pemphigus Vulgaris, psoriasis, rheumatic fever, rheu 
matoid arthritis, sarcoidosis, Scleroderma, Sjogren's Syn 
drome, spondyloorthropathies, thyroiditis, Vasculitis, viti 
ligo, myxedema, pernicious anemia, ulcernitive colitis, 
among others. 
0053 As used herein, the term “autologous' is meant to 
refer to any material derived from the same individual to 
which it is later to be re-introduced into the individual. 
0054 Allogeneic' refers to a graft derived from a differ 
ent animal of the same species. 
0055 “Xenogeneic refers to a graft derived from an ani 
mal of a different species. 
0056. The term "cancer as used herein is defined as dis 
ease characterized by the rapid and uncontrolled growth of 
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aberrant cells. Cancer cells can spread locally or through the 
bloodstream and lymphatic system to other parts of the body. 
Examples of various cancers include but are not limited to, 
breast cancer, prostate cancer, ovarian cancer, cervical cancer, 
skin cancer, pancreatic cancer, colorectal cancer, renal can 
cer, liver cancer, brain cancer, lymphoma, leukemia, lung 
cancer and the like. 

0057. As used herein, the term “conservative sequence 
modifications” is intended to refer to amino acid modifica 
tions that do not significantly affect or alter the binding char 
acteristics of the antibody containing the amino acid 
sequence. Such conservative modifications include amino 
acid Substitutions, additions and deletions. Modifications can 
be introduced into an antibody of the invention by standard 
techniques known in the art, such as site-directed mutagen 
esis and PCR-mediated mutagenesis. Conservative amino 
acid Substitutions are ones in which the amino acid residue is 
replaced with an amino acid residue having a similar side 
chain. Families of amino acid residues having similar side 
chains have been defined in the art. These families include 
amino acids with basic side chains (e.g. lysine, arginine, 
histidine), acidic side chains (e.g., aspartic acid, glutamic 
acid), uncharged polar side chains (e.g., glycine, asparagine, 
glutamine, serine, threonine, tyrosine, cysteine, tryptophan), 
nonpolar side chains (e.g., alanine, Valine, leucine, isoleu 
cine, proline, phenylalanine, methionine), beta-branched side 
chains (e.g. threonine, Valine, isoleucine) and aromatic side 
chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). 
Thus, one or more amino acid residues within the CDR 
regions of an antibody of the invention can be replaced with 
other amino acid residues from the same side chain family 
and the altered antibody can be tested for the ability to bind 
glypican-3 using the functional assays described herein. 
0.058 “Co-stimulatory ligand, as the term is used herein, 
includes a molecule on an antigen presenting cell (e.g., an 
aAPC, dendritic cell, B cell, and the like) that specifically 
binds a cognate co-stimulatory molecule on a T cell, thereby 
providing a signal which, in addition to the primary signal 
provided by, for instance, binding of a TCR/CD3 complex 
with an MHC molecule loaded with peptide, mediates a T cell 
response, including, but not limited to, proliferation, activa 
tion, differentiation, and the like. A co-stimulatory ligand can 
include, but is not limited to. CD7, B7-1 (CD80), B7-2 
(CD86), PD-L, PD-L2, 4-1BBL. OX40L, inducible costimu 
latory ligand (ICOS-L), intercellular adhesion molecule 
(ICAM), CD30L, CD40, CD70, CD83, HLA-G, MICA, 
MICB, HVEM, lymphotoxin beta receptor. 3/TR6, ILT3, 
ILT4, HVEM, an agonist or antibody that binds Toll ligand 
receptor and a ligand that specifically binds with B7-H3. A 
co-stimulatory ligand also encompasses, inter alia, an anti 
body that specifically binds with a co-stimulatory molecule 
present on a T cell, such as, but not limited to, CD27. CD28, 
4-1 BB, OX40, CD30, CD40. PD-1, ICOS, lymphocyte func 
tion-associated antigen-1 (LFA-1), CD2, CD7. LIGHT, 
NKG2C. B7-H3, and a ligand that specifically binds with 
CD83. 

0059 A “co-stimulatory molecule” refers to the cognate 
binding partner on a T cell that specifically binds with a 
co-stimulatory ligand, thereby mediating a co-stimulatory 
response by the T cell, such as, but not limited to, prolifera 
tion. Co-stimulatory molecules include, but are not limited to 
an MHC class I molecule, BTLA and a Toll ligand receptor. 
0060. The term “dysregulated when used in the context of 
the level of expression or activity of GPC3 refers to the level 
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of expression or activity that is different from the expression 
level or activity of GPC3 in an otherwise identical healthy 
animal, organism, tissue, cell or component thereof. The term 
“dysregulated also refers to the altered regulation of the level 
of expression and activity of GPC3 compared to the regula 
tion in an otherwise identical healthy animal, organism, tis 
Sue, cell or component thereof 
0061 “Encoding refers to the inherent property of spe 

cific sequences of nucleotides in a polynucleotide. Such as a 
gene, a cDNA, or an mRNA, to serve as templates for Syn 
thesis of other polymers and macromolecules in biological 
processes having either a defined sequence of nucleotides 
(i.e., rRNA, tRNA and mRNA) or a defined sequence of 
amino acids and the biological properties resulting therefrom. 
Thus, a gene encodes a protein if transcription and translation 
of mRNA corresponding to that gene produces the protein in 
a cell or other biological system. Both the coding strand, the 
nucleotide sequence of which is identical to the mRNA 
sequence and is usually provided in sequence listings, and the 
non-coding strand, used as the template for transcription of a 
gene or cDNA, can be referred to as encoding the protein or 
other product of that gene or cDNA. 
0062 Unless otherwise specified, a “nucleotide sequence 
encoding an amino acid sequence' includes all nucleotide 
sequences that are degenerate versions of each other and that 
encode the same amino acid sequence. Nucleotide sequences 
that encode proteins and RNA may include introns. 
0063 “Effective amount” or “therapeutically effective 
amounC are used interchangeably herein, and refer to an 
amount of a compound, formulation, material, or composi 
tion, as described herein effective to achieve a particular 
biological result. Such results may include, but are not limited 
to, the inhibition of virus infection as determined by any 
means suitable in the art. 
0064. As used herein “endogenous” refers to any material 
from or produced inside an organism, cell, tissue or system. 
0065. As used herein, the term “exogenous” refers to any 
material introduced from or produced outside an organism, 
cell, tissue or system. 
0066. The term “expression” as used herein is defined as 
the transcription and/or translation of a particular nucleotide 
sequence driven by its promoter. 
0067 “Expression vector” refers to a vector comprising a 
recombinant polynucleotide comprising expression control 
sequences operatively linked to a nucleotide sequence to be 
expressed. An expression vector comprises sufficient cis-act 
ing elements for expression; other elements for expression 
can be supplied by the host cell or in an in vitro expression 
system. Expression vectors include all those known in the art, 
Such as cosmids, plannids (e.g., naked or contained in lipo 
Somes) and viruses (e.g., lentiviruses, retroviruses, adenovi 
ruses, and adeno-associated viruses) that incorporate the 
recombinant polynucleotide. 
0068 “Homologous' as used herein, refers to the subunit 
sequence identity between two polymeric molecules, e.g., 
between two nucleic acid molecules, such as, two DNA mol 
ecules or two RNA molecules, or between two polypeptide 
molecules. When a subunit position in both of the two mol 
ecules is occupied by the same monomeric Subunit; e.g. if a 
position in each of two DNA molecules is occupied by 
adenine, then they are homologous at that position. The 
homology between two sequences is a direct function of the 
number of matching or homologous positions; e.g., if half 
(e.g. five positions in a polymer ten subunits in length) of the 
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positions in two sequences are homologous, the two 
sequences are 50% homologous; if 90% of the positions (e.g., 
9 of 10), are matched or homologous, the two sequences are 
90% homologous. 
0069) “Humanized forms of non-human (e.g. murine) 
antibodies are chimeric immunoglobulins, immunoglobulin 
chains or fragments thereof (such as Fv, Fab, Fab'. F(ab')2 or 
other antigen-binding Subsequences of antibodies) which 
contain minimal sequence derived from non-human immu 
noglobulin. For the most part, humanized antibodies are 
human immunoglobulins (recipient antibody) in which resi 
dues from a complementary-determining region (CDR) of the 
recipient are replaced by residues from a CDR of a non 
human species (donorantibodly) Such as mouse, rat or rabbit 
having the desired specificity, affinity, and capacity. In some 
instances, Fv framework region (FR) residues of the human 
immunoglobulin are replaced by corresponding non-human 
residues. Furthermore, humanized antibodies can comprise 
residues which are found neither in the recipient antibody nor 
in the imported CDR or framework sequences. These modi 
fications are made to further refine and optimize antibody 
performance. In general, the humanized antibody will com 
prise Substantially all of at least one, and typically two, Vari 
able domains, in which all or substantially all of the CDR 
regions correspond to those of a non-human immunoglobulin 
and all or substantially all of the FR regions are those of a 
human immunoglobulin sequence. The humanized antibody 
optimally also will comprise at least a portion of an immu 
noglobulin constant region (Fc), typically that of a human 
immunoglobulin. For further details, see Jones et al., Nature, 
321:522-525, 1986; Reichmann et al., Nature, 332: 323-329, 
1988: Presta. Curr. Op. Struct. Biol. 2: 593-596, 1992. 
0070 “Fully human” refers to an immunoglobulin, such as 
an antibody, where the whole molecule is of human origin or 
consists of an amino acid sequence identical to a human form 
of the antibody. 
(0071. As used herein, an “instructional material” includes 
a publication, a recording, a diagram, or any other medium of 
expression which can be used to communicate the usefulness 
of the compositions and methods of the invention. The 
instructional material of the kit of the invention may, for 
example, be affixed to a container which contains the nucleic 
acid, peptide, and/or composition of the invention or be 
shipped together with a container which contains the nucleic 
acid, peptide, and/or composition. Alternatively, the instruc 
tional material may be shipped separately from the container 
with the intention that the instructional material and the com 
pound be used cooperatively by the recipient. 
0072 “Isolated” means altered or removed from the natu 
ral state. For example, a nucleic acid or a peptide naturally 
present in a living animal is not "isolated, but the same 
nucleic acid or peptide partially or completely separated from 
the coexisting materials of its natural State is "isolated. An 
isolated nucleic acid or protein can exist in Substantially 
purified form, or can exist in a non-native environment Such 
as, for example, a host cell. 
0073. In the context of the present invention, the following 
abbreviations for the commonly occurring nucleic acid bases 
are used. “A” refers to adenosine, “C” refers to cytosine, “G” 
refers to guanosine, “T” refers to thymidine, and “U” refers to 
uridine. 
0074. Unless otherwise specified, a “nucleotide sequence 
encoding an amino acid sequence' includes all nucleotide 
sequences that are degenerate versions of each other and that 
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encode the same amino acid sequence. The phrase nucleotide 
sequence that encodes a protein oran RNA may also include 
introns to the extent that the nucleotide sequence encoding the 
protein may in Some version contain an intron(s). 
0075 A“lentivirus' as used herein refers to a genus of the 
Retroviridae family. Lentiviruses are unique among the ret 
roviruses in being able to infect non-dividing cells; they can 
deliver a significant amount of genetic infommtion into the 
DNA of the host cell, so they are one of the most efficient 
methods of a gene delivery vector. HIV. SIV, and FIV are all 
examples of lentiviruses. Vectors derived from lentiviruses 
offer the means to achieve significant levels of genetransfer in 
V1VO. 

0076. As used herein, the terms “glypican-3.” “glypican 
proteoglycan 3. "GPC3 are used interchangeably, and 
include variants, isoforms and species homologs of human 
Glypican-3. Accordingly, human antibodies of this disclosure 
may, in certain cases, cross-react with Glypican-3 from spe 
cies other than human. In certain embodiments, the antibod 
iea may be completely specific for one or more human Glypi 
can-3 proteins and may not exhibit species or other types of 
non-human cross-reactivity. The complete amino acid 
sequence of an exemplary human Glypican-3 has Genbank/ 
NCBI accession number NM004484. 
0077. The term “operably linked” refers to functional link 
age between a regulatory sequence and a heterologous 
nucleic acid sequence resulting in expression of the latter. For 
example, a first nucleic acid sequence is operably linked with 
a second nucleic acid sequence when the first nucleic acid 
sequence is placed in a functional relationship with the sec 
ond nucleic acid sequence. For instance, a promoter is oper 
ably linked to a coding sequence if the promoter affects the 
transcription or expression of the coding sequence. Gener 
ally, operably linked DNA sequences are contiguous and, 
where necessary to join two protein coding regions, in the 
same reading frame. 
0078 “Parenteral administration of an immunogenic 
composition includes, e.g., Subcutaneous (s.c.), intravenous 
(i.v.), intramuscular (i.m.), or intrasternal injection, or influ 
sion techniques. 
0079. The term “polynucleotide' as used herein is defined 
as a chain of nucleotides. Funhermore, nucleic acids are poly 
mers of nucleotides. Thus, nucleic acids and polynucleotides 
as used herein are interchangeable. One skilled in the art has 
the general knowledge that nucleic acids are polynucleotides, 
which can be hydrolyzed into the monomeric “nucleotides.” 
The monomeric nucleotides can be hydrolyzed into nucleo 
sides. As used herein polynucleotides include, but are not 
limited to, all nucleic acid sequences which are obtained by 
any means available in the art, including, without limitation, 
recombinant means, i.e. the cloning of nucleic acid sequences 
from a recombinant library or a cell genome, using ordinary 
cloning technology and PCRTM, and the like, and by synthetic 
CaS. 

0080. As used herein, the terms “peptide.” “polypeptide.” 
and “protein’ are used interchangeably, and refer to a com 
pound comprised of amino acid residues covalently linked by 
peptide bonds. A protein or peptide must contain at least two 
amino acids, and no limitation is placed on the maximum 
number of amino acids that can comprise a protein's or pep 
tide's sequence. Polypeptides include any peptide or protein 
comprising two or more amino acids joined to each other by 
peptide bonds. As used herein, the term refers to both short 
chains, which also commonly are referred to in the art as 
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peptides, oligopeptides and oligomers, for example, and to 
longer chains, which generally are referred to in the art as 
proteins, of which there are many types. “Polypeptides’ 
include, for example, biologically active fragments, Substan 
tially homologous polypeptides, oligopeptides, homodimers, 
heterodimers, variants of polypeptides, modified polypep 
tides, derivatives, analogs, fusion proteins, among others. The 
polypeptides include natural peptides, recombinant peptides, 
synthetic peptides, or a combination thereof. 
I0081. The term “promoter as used herein is defined as a 
DNA sequence recognized by the synthetic machinery of the 
cell, or introduced synthetic machinery, required to initiate 
the specific transcription of a polynucleotide sequence. 
I0082. As used herein, the term “promoter/regulatory 
sequence” means a nucleic acid sequence which is required 
for expression of a gene product operably linked to the pro 
moter/regulatory sequence. In some instances, this sequence 
may be the core promoter sequence and in other instances, 
this sequence may also include an enhancer sequence and 
other regulatory elements which are required for expression 
of the gene product. The promoter/regulatory sequence may, 
for example, be one which expresses the gene product in a 
tissue specific manner. 
I0083. A “constitutive' promoter is a nucleotide sequence 
which, when operably linked with a polynucleotide which 
encodes or specifies a gene product, causes the gene product 
to be produced in a cell under most or all physiological 
conditions of the cell. 
I0084. An "inducible' promoter is a nucleotide sequence 
which, when operably linked with a polynucleotide which 
encodes or specifies a gene product, causes the gene product 
to be produced in a cell substantially only when an inducer 
which corresponds to the promoter is present in the cell. 
I0085. A “tissue-specific' promoter is a nucleotide 
sequence which, when operably linked with a polynucleotide 
encodes or specified by a gene, causes the gene product to be 
produced in a cell substantially only if the cell is a cell of the 
tissue type corresponding to the promoter. 
I0086 A “signal transduction pathway' refers to the bio 
chemical relationship between a variety of signal transduc 
tion molecules that play a role in the transmission of a signal 
from one portion of a cell to another portion of a cell. The 
phrase “cell surface receptor includes molecules and com 
plexes of molecules capable of receiving a signal and trans 
mitting signal across the plasma membrane of a cell. An 
example of a “cell surface receptor is human GPC3. 
I0087. “Single chainantibodies' refer to antibodies formed 
by recombinant DNA techniques in which immunoglobulin 
heavy and light chain fragments are linked to the Fv region via 
an engineered span of amino acids. Various methods of gen 
erating single chain antibodies are known, including those 
described in U.S. Pat. No. 4,694,778; Bird (1988) Science 
242:423-442; Hustonetal. (1988) Proc. Natl. Acad. Sci. USA 
85:5879-5883; Wardet. al. (1989) Nature 334:54454; Skerra 
et al. (1988) Science 242:1038-1041. 
I0088. The term “subject' is intended to include living 
organisms in which an immune response can be elicited (e.g., 
mammals). 
I0089. As used herein, a “substantially purified cell is a 
cell that is essentially free of other cell types. A substantially 
purified cell also refers to a cell which has been separated 
from other cell types with which it is normally associated in 
its naturally occurring state. In some instances, a population 
of Substantially purified cells refers to a homogenous popu 
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lation of cells. In other instances, this term refers simply to 
cell that have been separated from the cells with which they 
are naturally associated in their natural state. In some embodi 
ments, the cells are cultured in vitro. In other embodiments, 
the cells are not cultured in vitro. 

0090 The term “therapeutic” as used herein means a treat 
ment and/or prophylaxis. A therapeutic effect is obtained by 
Suppression, remission, or eradication of a disease state. 
0091. The term “transfected or “transformed’ or “trans 
duced as used herein refers to a process by which exogenous 
nucleic acid is transferred or introduced into the host cell. A 
“transfected' or “transformed’ or “transduced” cell is one 
which has been transfected, transformed or transduced with 
exogenous nucleic acid. The cell includes the primary Subject 
cell and its progeny. 
0092. The phrase “under transcriptional control” or 
“operatively linked as used herein means that the promoteris 
in the correct location and orientation in relation to a poly 
nucleotide to control the initiation of transcription by RNA 
polymerase and expression of the polynucleotide. 
0093. A “vector” is a composition of matter which com 
prises an isolated nucleic acid and which can be used to 
deliver the isolated nucleic acid to the interior of a cell. 
Numerous vectors are known in the art including, but not 
limited to, linear polynucleotides, polynucleotides associated 
with ionic or amphiphilic compounds, plasmids, and viruses. 
Thus, the term “vector” includes an autonomously replicating 
plasmid or a virus. The term should also be construed to 
include non-plasmid and non-viral compounds which facili 
tate transfer of nucleic acid into cells, such as, for example, 
polylysine compounds, liposomes, and the like. Examples of 
viral vectors include, but are not limited to, adenoviral vec 
tors, adeno-associated virus vectors, retroviral vectors, len 
tiviral vectors, and the like. 
0094. By the term “specifically binds, as used herein, is 
meant an antibody, or a ligand, which recognizes and binds 
with a cognate binding partner (e.g., a stimulatory and/or 
costimulatory molecule present on a T cell) protein present in 
a sample, but which antibody or ligand does not substantially 
recognize or bind other molecules in the sample. 
0095. By the term “stimulation is meant a primary 
response induced by binding of a stimulatory molecule (e.g., 
a TCRICD3 complex) with its cognate ligand thereby medi 
ating a signal transduction event, such as, but not limited to, 
signal transduction via the TCR/CD3 complex. Stimulation 
can mediate altered expression of certain molecules, such as 
downregulation of TGF-B, and/or reorganization of cytosk 
eletal structures, and the like. 
0096. A “stimulatory molecule” as the term is used 
herein, means a molecule on a T cell that specifically binds 
with a cognate stimulatory ligand present on an antigen pre 
senting cell. 
0097. A “stimulatory ligand, as used herein, means a 
ligand that when present on an antigen presenting cell (e.g., 
an aAPC, a dendritic cell, a B-cell, and the like) can specifi 
cally bind with a cognate binding partner (referred to herein 
as a “stimulatory molecule') on a T cell, thereby mediating a 
primary response by the T cell, including, but not limited to, 
activation, initiation of an immune response, proliferation, 
and the like. Stimulatory ligands are well-known in the art and 
encompass, interalia, an MHC Class I molecule loaded with 
a peptide, an anti-CD3 antibody, a Superagonist anti-CD28 
antibody, and a Superagonist anti-CD2 antibody. 
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0.098 Ranges: throughout this disclosure, various aspects 
of the invention can be presented in a range format. It should 
be understood that the description in range format is merely 
for convenience and brevity and should not be construed as an 
inflexible limitation on the scope of the invention. Accord 
ingly, the description of a range should be considered to have 
specifically disclosed all the possible Subranges as well as 
individual numerical values within that range. For example, 
description of a range such as from 1 to 6 should be consid 
ered to have specifically disclosed Subranges Such as from 1 
to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3 
to 6 etc. as well as individual numbers within that range, for 
example, 1, 2, 2.7.3, 4, 5, 5.3, and 6. This applies regardless 
of the breadth of the range. 

DESCRIPTION 

0099. The present invention provides isolated antibodies, 
particularly human antibodies that bind specifically to GPC3. 
In certain embodiments, the antibodies of the invention com 
prise particular structural features such as CDR regions com 
prising particular amino acid sequences. The invention also 
provides methods of making Such antibodies. The antibodies 
of the invention can be incorporated into an immunoconju 
gate, a chimeric antigen receptor (CAR), a pharmaceutical 
composition, and the like. In one embodiment, the immuno 
conjugates of the invention may be therapeutic agents, for 
example, cytotoxins or radioactive isotopes. Accordingly, the 
present invention provides compositions and methods for 
treating, among other diseases, cancer or any malignancy or 
autoimmune disease in which expression of GPC3 is dysregu 
lated. 
0100. In one embodiment, the invention provides a cell 
(e.g., T cell) engineered to express a chimeric antigen recep 
tor (CAR) wherein the CAR T cell exhibits an antitumor 
property. A preferred antigen is GPC3. In one embodiment, 
the antigen recognition domain of the CAR comprises a fully 
human anti-GPC3. Accordingly, the invention provides a 
fully human anti-GPC3-CAR engineered into a T cell and 
methods of their use for adoptive therapy. 
0101. In one embodiment, the anti-GPC3-CAR comprises 
one or more intracellular domain selected from the group of a 
CD137 (4-1BB) signaling domain, a CD28 signalingdomain, 
a CD37eta signal domain, and any combination thereof. This 
is because the present invention is partly based on the discov 
ery that CAR-mediated T-cell responses can be further 
enhanced with the addition of costimulatory domains. For 
example, inclusion of the CD28 signaling domain signifi 
cantly increased anti-tumor activity and in Vivo persistence of 
CART cells compared to an otherwise identical CART cell 
not engineered to express CD28. 
Anti-Glypican-3 (anti-GPC3) Antibodies 
0102 The antibodies of the invention are characterized by 
particular functional features or properties of the antibodies. 
For example, the antibodies hind specifically to human Glypi 
can-3. Preferably, the antibodies of the invention bind to 
Glypican-3 with high affinity, for example with an affinity 
EC50 ranging from about 5.0-110.9 nM. Preferably, the anti 
bodies of the invention specifically recognize naturally 
expressed hGPC3 protein on a cell and do not cross-react to 
other Surface proteoglycans. 
(0103. In one embodiment, the antibodies of the invention 
are the human antibodies designated as 3E11, 2G9, 4G5, 
3D8, and 2E10. The Vamino acid sequences of 3E11, 2G9. 
4G5, 3D8, and 2E10 are shown in SEQID NOs: 12, 13, 14, 
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15, and 16, respectively (Table 2). The V, amino acid 
sequences of 3E11, 2C9, 4G5, 3D8, and 2E10 are shown in 
SEQ ID NOs: 17, 18, 19, 20, and 21, respectively (Table 2). 
0104. In one embodiment, the antibody contains heavy 
chain variable regions (Table 1) having CDRs 1, 2 and 3 
consisting of the amino acid sequences set forth in SEQID 
NOs: in any of the following (a) to (e): 
0105 (a) SEQID NOs: 22, 23, and 24 (3E11), 
0106 (b) SEQID NOs: 25, 26, and 27 (2G9), 
0107 (c) SEQID NOs: 28, 29, and 30 (405), 
0108 (d) SEQID NOs: 31, 32, and 33 (3D8), 
0109 (e) SEQID NOs: 34,35, and 36 (2E 10). 
0110. In one embodiment, the antibody contains light 
chain variable regions (Table 1) having CDRs 1, 2 and 3 
consisting of the amino acid sequences set forth in SEQID 
NOs: in any of the following (f) to (j): 
0111 (f) SEQID NOs: 37,38, and 39 (3E11). 
0112 (g) SEQID NOs: 40, 41, and 42 (2G9), 
0113 (h) SEQID NOs: 43, 44, and 45 (4G5). 
0114 (i) SEQID NOs: 46, 47, and 48 (3D8), 
0115 (i) SEQID NOs:49, 50, and 51 (2E10). 
0116 Given that each of these antibodies can bind to 
Glypican-3, the V and V, Sequences can be "mixed and 
matched to create other anti-Glypican-3 binding molecules 
of the invention. Glypican-3 binding of such “mixed and 
matched antibodies can be tested using the binding assays 
described above and in the Examples (e.g., ELISAs). Prefer 
ably, when VH and VL chains are mixed and matched, a VH 
sequence from a particular VH/VL pairing is replaced with a 
structurally similar VH sequence. Likewise, preferably a VL 
sequence from a particular VH/VL pairing is replaced with a 
structurally similar VL sequence. It will be readily apparent to 
the ordinarily skilled artisan that novel VHand VL sequences 
can be created by substituting one or more VH and/or VL 
CDR region sequences with structurally similar sequences 
from the CDR sequences disclosed herein. 
0117. In one embodiment, the invention provides antibod 
ies that comprise the heavy chain and light chain CDR1s. 
CDR2s and CDR3s of 3E11, 2C9, 4G5, 3D8, and 2E10, or 
combinations thereof. 
0118. In one embodiment, an antibody of the invention 
comprises heavy and light chain variable regions comprising 
amino acid sequences that are honmologous to the amino acid 
sequences of the preferred antibodies described herein, and 
wherein the antibodies retain the desired functional proper 
ties of the anti-Glypican-3 antibodies of the invention. 
0119 For example, the invention provides an isolated anti 
body, or antigen binding portion thereof, comprising a heavy 
chain variable region and a light chain variable region, 
wherein: (a) the heavy chain variable region comprises an 
amino acid sequence that is at least 80% homologous to an 
amino acid sequence selected from the group consisting of 
SEQ ID NOs: 12, 13, 14, 15, and 16: (b) the light chain 
variable region comprises an amino acid sequence that is at 
least 80% homologous to an amino acid sequence selected 
from the group consisting of 17, 18, 19, 20, and 21. Prefer 
ably, the antibody binds to human Glypican-3 with an affinity 
of affinity EC50 ranging from 5.0-110.9 nM. 
0120 In certain embodiments, an antibody of the inven 
tion comprises a heavy chain variable region comprising 
CDR1, CDR2 and CDR3 sequences and a light chain variable 
region comprising CDR1, CDR2 and CDR3 sequences, 
wherein one or more of these CDR sequences comprise speci 
fied amino acid sequences based on the preferred antibodies 
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described herein (e.g. 3E11, 2C9, 4G5, 3D8, and 2E10), or 
conservative modifications thereof, and wherein the antibod 
ies retain the desired functional properties of the anti-Glypi 
can-3 antibodies of the invention. Accordingly, the invention 
provides an isolated antibody (e.g. Sclv), or antigen binding 
portion thereof, comprising a heavy chain variable region 
comprising CDR1, CDR2, and CDR3 sequences and a light 
chain variable region comprising CDR1, CDR2, and CDR3 
sequences, wherein: (a) the heavy chain variable region 
CDR3 sequence comprises an amino acid sequence selected 
from the group consisting of amino acid sequences of SEQID 
NOs: 12, 13, 14, 15, and 16, and conservative modifications 
thereof; (b) the light chain variable region CDR3 sequence 
comprises an amino acid sequence selected from the group 
consisting of amino acid sequence of SEQID NOs: 17, 18, 
19, 20, and 21, and conservative modifications thereof. Pref 
erably, the antibody binds to human Glypican-3 with an affin 
ity of affinity EC50 ranging from 5.0-110.9 nM. 
I0121. In another embodiment, the invention provides anti 
bodies that bind to the same epitope on human Glypican-3 as 
any of the Glypican-3 antibodies of the invention (i.e., anti 
bodies that have the ability to cross-compete for binding to 
Glypican-3 with any of the antibodies of the invention). In 
preferred embodiments, the reference antibody for cross 
competition studies can be one of the antibodies described 
herein (e.g., 3E11, 2G9, 4G5, 3D8, and 2E10). Such cross 
competing antibodies can be identified based on their ability 
to cross-compete with 4A6, 11E7, or 16D10 in standard 
Glypican-3 binding assays. For example, Biacore analysis. 
ELISA assays or flow cytometry may be used to demonstrate 
cross-competition with the antibodies of the current inven 
tion. The ability of a testantibody to inhibit the binding of, for 
example, 3E11, 2G9, 4G5, 3D8, or 2E10, to human Glypi 
can-3 demonstrates that the test antibody can compete with 
3E11, 2G9, 4G5, 3D8, or 2E10 for binding to human Glypi 
can-3 and thus binds to the same epitope on human Glypi 
can-3 as 3E11, 2G9, 45C, 3D8, or 2E10. 
I0122) An antibody of the invention further can be prepared 
using an antibody having one or more of the VH and/or VL 
sequences disclosed herein can be used as starting material to 
engineer a modified antibody, which modified antibody may 
have altered properties as compared to the starting antibody. 
An antibody can be engineered by modifying one or more 
amino acids within one or both variable regions (i.e., VH 
and/or VL), for example within one or more CDR regions 
and/or within one or more framework regions. Additionally 
or alternatively, an antibody can be engineered by modifying 
residues within the constant region(s), for example to alter the 
effector function(s) of the antibody. 

CAR Composition 
I0123. The present invention encompasses a recombinant 
DNA construct comprising sequences of an antibody of the 
invention that binds specifically to human glypican-3, 
wherein the sequence of the antibody or a fragment thereof is 
operably linked to the nucleic acid sequence of an intracellu 
lar domain. The intracellular domain or otherwise the cyto 
plasmic domain comprises, a costimulatory signaling region 
and/or a Zeta chain portion. The costimulatory signaling 
region refers to a portion of the CAR comprising the intrac 
ellular domain of a costimulatory molecule. Costimulatory 
molecules are cell Surface molecules other than antigens 
receptors or their ligands that are required for an efficient 
response of lymphocytes to antigen. 
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0124. The present invention encompasses a recombinant 
DNA construct comprising sequences of a fully human CAR, 
wherein the sequence comprises the nucleic acid sequence of 
a GPC3 binding domain operably linked to the nucleic acid 
sequence of an intracellular domain. An exemplary intracel 
lular domain that can be used in the CAR includes but is not 
limited to the intracellular domain of CD3-Zeta, CD28, 
4-1 BB, and the like. In some instances, the CAR can com 
prise any combination of CD3-Zeta, CD28, 4-1 BB, and the 
like. 

0125 Between the extracellular domain and the trans 
membrane domain of the CAR, or between the cytoplasmic 
domain and the transmembrane domain of the CAR, there 
may be incorporated a spacer domain. As used herein, the 
term 'spacer domain generally means any oligo- or polypep 
tide that functions to link the transmembrane domain to, 
either the extracellular domain or, the cytoplasmic domain in 
the polypeptide chain. A spacer domain may comprise up to 
3K) amino acids, preferably 10 to 100 amino acids and most 
preferably 25 to 50 amino acids. 
0126 The nucleic acid sequences coding for the desired 
molecules can be obtained using recombinant methods 
known in the art, such as, for example by Screening libraries 
from cells expressing the gene, by deriving the gene from a 
vector known to include the same, or by isolating directly 
from cells and tissues containing the same, using standard 
techniques. Alternatively, the gene of interest can be pro 
duced synthetically, rather than cloned. 
0127. Antigen Binding Moiety 
0128. In one embodiment, the CAR of the invention com 
prises a target-specific binding element otherwise referred to 
as an antigen binding moiety. The choice of moiety depends 
upon the type and number of ligands that define the Surface of 
a target cell. For example, the antigenbinding domain may be 
chosen to recognize a ligand that acts as a cell Surface marker 
on target cells associated with a particular disease state. Thus 
examples of cell Surface markers that may act as ligands for 
the antigen moiety domain in the CAR of the invention 
include those associated with viral, bacterial and parasitic 
infections, autoimmune disease and cancer cells. 
0129. In one embodiment, the CAR-mediated T-cell 
response can be directed to an antigen of interest by way of 
engineering a desired antigen into the CAR. In the context of 
the present invention, “tumor antigen' or “hyperproliferative 
disorder antigen' or “antigen associated with a hyperprolif 
erative disorer refers to antigens that are common to specific 
hyperproliferative disorders. In certain aspects, the hyperpro 
liferative disorder antigens of the present invention are 
derived from, cancers including but not limited to primary or 
metastatic melanoma, thymoma, lymphoma, sarcoma, lung 
cancer, liver cancer, non-Hodgkin’s lymphoma, Hodgkins 
lymphoma, leukemias, uterine cancer, cervical cancer, blad 
der cancer, kidney cancer and adenocarcinomas Such as 
breast cancer, prostate cancer, ovarian cancer, pancreatic can 
cer, and the like. Preferably, the cancer is hepatocellular car 
cinoma (HCC). 
0130. In one embodiment, the tumor antigen of the present 
invention comprises one or more antigenic cancer epitopes 
immunologically recognized by tumor infiltrating lympho 
cytes (TIL) derived from a cancer tumor of a mammal. 
0131. In a preferred embodiment, the antigen binding 
moiety portion of the CAR targets glypican-3, preferably 
human glypican-3. 
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0.132. The antigenbinding domain can be any domain that 
binds to the antigen including but not limited to monoclonal 
antibodies, polyclonal antibodies, synthetic antibodies, 
human antibodies, humanized antibodies, and fragments 
thereof. In some instances, it is beneficial for the antigen 
binding domain to be derived from the same species in which 
the CAR will ultimately be used in. For example, for use in 
humans, it may be beneficial for the antigen binding domain 
of the CAR to comprise a human antibody or a fragment 
thereof. Thus, in one embodiment, the antigen biding domain 
portion comprises a human antibody or a fragment thereof. 
0.133 For in vivo use of antibodies in humans, it may be 
preferable to use human antibodies. Completely human anti 
bodies are particularly desirable for therapeutic treatment of 
human Subjects. Human antibodies can be made by a variety 
of methods known in the art including phage display methods 
using antibody libraries derived from human immunoglobu 
lin sequences, including improvements to these techniques. 
See also. U.S. Pat. No. 4,444,887 and U.S. Pat. No. 4,716, 
111; and PCT publications WO 98/46645. WO 98/50433, 
WO 98/24893, WO98/16654, WO 96/34096, WO 96/33735, 
and WO 91/10741: each of which is incorporated herein by 
reference in its entirety. A human antibody can also be an 
antibody wherein the heavy and light chains are encoded by a 
nucleotide sequence derived from one or more sources of 
human DNA. 

0.134 Human antibodies can also be produced using trans 
genic mice which are incapable of expressing functional 
endogenous immunoglobulins, but which can express human 
immunoglobulin genes. For example, the human heavy and 
light chain immunoglobulin gene complexes may be intro 
duced randomly or by homologous recombination into mouse 
embryonic stem cells. Alternatively, the human variable 
region, constant region, and diversity region may be intro 
duced into mouse embryonic stem cells in addition to the 
human heavy and light chain genes. The mouse heavy and 
light chain immunoglobulin genes may be rendered non 
functional separately or simultaneously with the introduction 
of human immunoglobulin loci by homologous recombina 
tion. For example, it has been described that the homozygous 
deletion of the antibody heavy chain joining region (JH) gene 
in chimeric and genn-line mutant mice results in complete 
inhibition of endogenous antibody production. The modified 
embryonic stem cells are expanded and microinjected into 
blastocysts to produce chimeric mice. The chimeric mice are 
then bred to produce homozygous offspring which express 
human antibodies. The transgenic mice are immunized in the 
normal fashion with a selected antigen, e.g., all or a portion of 
a polypeptide of the invention. Anti-glypican-3 antibodies 
directed against the human glypican-3 antigen can be 
obtained from the immunized, transgenic mice using conven 
tional hybridoma technology. The human immunoglobulin 
transgenes harbored by the transgenic mice rearrange during 
B cell differentiation, and Subsequently uXndergo class 
Switching and somatic mutation. Thus, using Such a tech 
nique, it is possible to produce therapeutically useful IgG, 
IgA, IgM and IgE antibodies, including, but not limited to. 
IgG1 (gamma 1) and IgG3. For an overview of this, technol 
ogy for producing human antibodies, see. Lonberg and 
Huszar (Int. Rev. Immunol., 13:65-93 (1995)). For a detailed 
discussion of this technology for producing human antibodies 
and human nmonoclonal antibodies and protocols for produc 
ing such antibodies, see, e.g., PCT Publication Nos. WO 
98/24893, WO 96/34096, and WO 96/33735; and U.S. Pat. 
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Nos. 5,413,923; 5,625.126; 5,633,425: 5.569,825; 5,661,016: 
5,545,806; 5,814,318; and 5,939,598, each of which is incor 
porated by reference herein in their entirety. In addition, 
companies Such as Abgenix, Inc. (Freemont, Calif.) and Gen 
pharm (San Jose, Calif.) can be engaged to provide human 
antibodies directed against a selected antigen using technol 
ogy similar to that described above. For a specific discussion 
of transfer of a human germ-line immunoglobulin gene array 
in germ-line mutant mice that will result in the production of 
human antibodies upon antigen challenge see, e.g., Jakobo 
vits et al. Proc. Natl. Acad. Sci. USA, 90:2551 (1993); 
Jakobovits et al., Nature, 362:255-258 (1993); Bruggermann 
et al., Year in Immunol. 7:33 (1993); and Duchosal et al., 
Nature, 355:258 (1992). 
0135 Human antibodies can also be derived from phage 
display libraries (Hoogenboom et al., J. Mol. Biol., 227:381 
(1991); Marks et al., J. Mol. Biol., 222:581-597 (1991); 
Vaughan et al., Nature Biotech., 14:309 (1996)). Phage dis 
play technology (McCafferty et al., Nature, 348:552-553 
(1990)) can be used to produce human antibodies and anti 
body fragment in vitro, from immunoglobulin variable (V) 
domain gene repertoires from unimmunized donors. Accord 
ing to this technique, antibody V domain genes are cloned 
in-frame into either a major or minor coat protein gene of a 
filamentous bacteriophage. Such as M13 or fa, and displayed 
as functional antibody fragments on the Surface of the phage 
particle. Because the filamentous particle contains a single 
Stranded DNA copy of the phage genome, selections based on 
the functional properties of the antibody also result in selec 
tion of the gene encoding the antibody exhibiting those prop 
erties. Thus, the phage mimics some of the properties of the B 
cell. Phage display can be performed in a variety of formats: 
for their review see, e.g., Johnson, Kevin S, and Chiswell. 
David J. Current Opinion in Structural Biology 3:564-571 
(1993). Several sources of V-gene segments can be used for 
phage display. Clackson et al., Nature, 352:624-628 (1991) 
isolated a diverse array of anti-oxazolone antibodies from a 
small random combinatorial library of V genes derived from 
the spleens of unimmunized mice. A repertoire of V genes 
from unimmunized human donors can be constructed and 
antibodies to a diverse array of antigens (including self-anti 
gens) can be isolated essentially following the techniques 
described by Marks et al., J. Mol. Biol., 222:581-597 (1991), 
or Griffithet al., EMBO.J., 12:725-734 (1993). See, also, U.S. 
Pat. Nos. 5,565,332 and 5,573,905, each of which is incorpo 
rated herein by reference in its entirety. 
0.136 Human antibodies may also be generated by in vitro 
activated B cells (see, U.S. Pat. Nos. 5,567,610 and 5.229, 
275, each of which is incorpoated herein by reference in its 
entirety). Human antibodies may also be generated in vitro 
using hybridoma techniques such as, but not limited to, that 
described by Roder et al. (Methods Enzymol. 121:140-167 
(1986)). 
0.137 Alternatively, in some embodiments, a non-human 
antibody is humanized, where specific sequences or regions 
of the antibody are modified to increase similarity to an anti 
body naturally produced in a human. In one embodiment, the 
antigen binding domain portion is humanized. 
0138 A humanized antibody can be produced using a 
variety of techniques known in the art, including but not 
limited to, CDR-grafting (see, e.g., European Patent No. EP 
239,400; International Publication No. WO 91/09967; and 
U.S. Pat. Nos. 5,225,539, 5,530, 101, and 5,585,089, each of 
which is incorporated herein in its entirety by reference), 

Oct. 30, 2014 

Veneering or resurfacing (see, e.g., European Patent Nos. EP 
592,106 and EP 519,596: Padlan, 1991, Molecular Immunol 
ogy, 28(4/5):489-498; Studnicka et al., 1994, Protein Engi 
neering, 7(6):805-814: and Roguska et al., 1994, PNAS, 
91:969-973, each of which is incorporated herein by its 
entirety by reference), chain shuffling (see, e.g. U.S. Pat. No. 
5.565,332, which is incorporated herein in its entirety by 
reference), and techniques disclosed in, e.g., U.S. Patent 
Application Publication No. US2005/10042664. U.S. Patent 
Application Publication No. US2005/0048617, U.S. Pat. No. 
6,407,213, U.S. Pat. No. 5,766,886. International Publication 
No. WO 93.17105, Tan et al., J. Immunol., 169:1119-25 
(2002). Caldas et al., Protein Eng., 13(5):353-60 (2000). 
Morea et al., Methods, 20(3):267-79 (200)). Baca et al., J. 
Biol. Chem., 272(16):10678-84 (1997). Roguska et al., Pro 
tein Eng.,9(10):895-904 (1996), Couto et al., Cancer Res.,55 
(23 Supp):5973s-5977s (1995), Couto et al., Cancer Res., 
55(8): 1717-22 (1995), Sandhu J S. Gene, 150(2):409-10 
(1994), and Pedersen et al., J. Mol. Biol. 235(3):959-73 
(1994), each of which is incorporated herein in its entirety by 
reference. Often, framework residues in the framework 
regions will be substituted with the corresponding residue 
from the CDR donor antibody to alter, preferably improve, 
antigenbinding. These framework Substitutions are identified 
by methods well-known in the art, e.g., by modeling of the 
interactions of the CDR and framework residues to identify 
framework residues important for antigen binding and 
sequence comparison to identify unusual framework residues 
at particular positions. (See, e.g., Queen et al., U.S. Pat. No. 
5,585,089; and Riechmann et al. 1988, Nature, 332:323, 
which are incorporated herein by reference in their entireties.) 
0.139. A humanized antibody has one or more amino acid 
residues intnXroduced into it from a source which is nonhu 
man. These nonhuman amino acid residues are often referred 
to as “import residues, which are typically taken from an 
“import' variable domain. Thus, humanized antibodies com 
prise one or more CDRs from nonhuman immunoglobulin 
molecules and framework regions from human. Humaniza 
tion of antibodies is well-known in the art and can essentially 
be performed following the method of Winter and co-workers 
(Jones et al., Nature, 321:522-525 (1986); Riechmann et al., 
Nature, 332:323-327 (1988); Verhoeyen et al., Science, 239: 
1534-1536 (1988)), by substituting rodent CDRs or CDR 
sequences for the corresponding sequences of a human anti 
body, i.e., CDR-grafting (EP239,400; PCT Publication No. 
WO 91/09967; and U.S. Pat. Nos. 4,816,567; 6,331,415; 
5,225,539; 5,530,101: 5,585,089: 6,548,640, the contents of 
which are incorporated herein by reference herein in their 
entirety). In Such humanized chimeric antibodies, Substan 
tially less than an intact human variable domain has been 
Substituted by the corresponding sequence from a nonhuman 
species. In practice, humanized antibodies are typically 
human antibodies in which some CDR residues and possibly 
some framework (FR) residues are substituted by residues 
from analogous sites in rodent antibodies. Humanization of 
antibodies can also be achieved by Veneering or resurfacing 
(EP592,106; EP 519,596; Padlan, 1991, Molecular Immu 
nology, 28(4/5):489-498; Studnicka et al., Protein Engineer 
ing,7(6):805-814 (1994); and Roguska et al., PNAS,91:969 
973 (1994)) or chain shuffling (U.S. Pat. No. 5,565,332), the 
contents of which are incorporated herein by reference herein 
in their entirety. 
0140. In some instances, a human scFv may also be 
derived from a yeast display library. 
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0141. The choice of human variable domains, both light 
and heavy, to be used in making the humanized antibodies is 
to reduce antigenicity. According to the so-called “best-fit 
method, the sequence of the variable domain of a rodent 
antibody is screened against the entire library of known 
human variable-domain sequences. The human sequence 
which is closest to that of the rodent is then accepted as the 
human framework (FR) for the humanized antibody (Sims et 
al., J. Immunol. 151:2296 (1993); Chothia et al., J. Mol. 
Biol., 196:901 (1987), the contents of which are incorporated 
herein by reference herein in their entirety). Another method 
uses a particular framework derived from the consensus 
sequence of all human antibodies of a particular Subgroup of 
light or heavy chains. The same framework may be used for 
several different humanized antibodies (Carter et al., Proc. 
Natl. Acad. Sci. USA, 89:4285 (1992): Presta et al., J. Immu 
nol. 151:2623 (1993), the contents of which are incorporated 
herein by reference herein in their entirety). 
0142 Antibodies can be humanized with retention of high 
affinity for the target antigen and other favorable biological 
properties. According to one aspect of the invention, human 
ized antibodies are prepared by a process of analysis of the 
parental sequences and various conceptual humanized prod 
ucts using three-dimensional models of the parental and 
humanized sequences. Three-dimensional immunoglobulin 
models are commonly available and are familiar to those 
skilled in the art. Computer programs are available which 
illustrate and display probable three-dimensional conforma 
tional structures of selected candidate immunoglobulin 
sequences. Inspection of these displays permits analysis of 
the likely role of the residues in the functioning of the candi 
date immunoglobulin sequence. i.e., the analysis of residues 
that influence the ability of the candidate immunoglobulin to 
bind the target antigen. In this way, FR residues can be 
selected and combined from the recipient and import 
sequences so that the desired antibody characteristic. Such as 
increased affinity for the target antigen, is achieved. In gen 
eral, the CDR residues are directly and most substantially 
involved in influencing antigen binding. 
0143 A humanized antibody retains a similar antigenic 
specificity as the original antibody, i.e., in the present inven 
tion, the ability to bind human glypican-3. However, using 
certain methods of humanization, the affinity and/or specific 
ity of binding of the antibody for human glypican-3 may be 
increased using methods of “directed evolution.” as described 
by Wu et al., J. Mol. Biol., 2.94:151 (1999), the contents of 
which are incorporated herein by reference herein in their 
entirety. 
0144. Transmembrane Domain 
0145 With respect to the transmembrane domain, the 
CAR can be designed to comprise a transmembrane domain 
that is fused to the extracellular domain of the CAR. In one 
embodiment, the transmembrane domain that naturally is 
associated with one of the domains in the CAR is used. In 
Some instances, the transmembrane domain can be selected or 
modified by amino acid substitution to avoid binding of such 
domains to the transmembrane domains of the same or dif 
ferent Surface membrane proteins to minimize interactions 
with other members of the receptor complex. 
0146 The transmembrane domain may be derived either 
from a natural or from a synthetic source. Where the source is 
natural, the domain may be derived from any membrane 
bound or transmembrane protein. Transmembrane regions of 
particular use in this invention may be derived from (i.e. 
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comprise at least the transmembrane region(s) of) the alpha, 
beta or Zeta chain of the T-cell receptor. CD28, CD3 epsilon, 
CD45, CD4, CD5, CD8, CD9, CD16, CD22, CD33, CD37, 
CD64. CD80, CD86, CD134, CD137, CD154. In some 
instances, a variety of human hinges can be employed as well 
including the human Ig (immunoglobulin) hinge. 
0.147. In one embodiment, the transmembrane domain 
may be synthetic, in which case it will comprise predomi 
nantly hydrophobic residues such as leucine and valine. Pref 
erably a triplet of phenylalanine, tryptophan and valine will 
be found at each end of a synthetic transmembrane domain. 
Optionally, a short oligo- or polypeptide linker, preferably 
between 2 and 10 amino acids in length may form the linkage 
between the transmembrane domain and the cytoplasmic sig 
naling domain of the CAR. A glycine-serine doublet provides 
a particularly suitable linker. 
0148 Cytoplasmic Domain 
014.9 The cytoplasmic domain or otherwise the intracel 
lular signaling domain of the CAR of the invention is respon 
sible for activation of at least one of the normal effector 
functions of the immune cell in which the CAR has been 
placed in. The term “effector function” refers to a specialized 
function of a cell. Effector function of a T cell, for example, 
may be cytolytic activity or helper activity including the 
secretion of cytokines. Thus the term “intracellular signaling 
domain refers to the portion of a protein which transduces 
the effector function signal and directs the cell to perform a 
specialized function. While usually the entire intracellular 
signaling domain can be employed, in many cases it is not 
necessary to use the entire chain. To the extent that a truncated 
portion of the intracellular signaling domain is used, Such 
truncated portion may be used in place of the intact chain as 
long as it transduces the effector function signal. The term 
intracellular signaling domain is thus meant to include any 
truncated portion of the intracellular signaling domain Suffi 
cient to transduce the effector function signal. 
0150 Preferred examples of intracellular signaling 
domains for use in the CAR of the invention include the 
cytoplasmic sequences of the T cell receptor (TCR) and co 
receptors that act in concert to initiate signal transduction 
following antigen receptor engagement, as well as any deriva 
tive or variant of these sequences and any synthetic sequence 
that has the same functional capability. 
0151. It is known that signals generated through the TCR 
alone are insufficient for full activation of the T cell and that 
a secondary or co-stimulatory signal is also required. Thus, T 
cell activation can be said to be mediated by two distinct 
classes of cytoplasmic signaling sequence: those that initiate 
antigen-dependent primary activation through the TCR (pri 
mary cytoplasmic signaling sequences) and those that act in 
an antigen-independent manner to provide a secondary or 
co-stimulatory signal (secondary cytoplasmic signaling 
sequences). 
0152 Primary cytoplasmic signaling sequences regulate 
primary activation of the TCR complex either in a stimulatory 
way, or in an inhibitory way. Primary cytoplasmic signaling 
sequences that act in a stimulatory manner may contain sig 
naling motifs which are known as immunoreceptor tyrosine 
based activation motifs or ITAMs. 
0153. Examples of ITAM containing primary cytoplasmic 
signaling sequences that are of particular use in the invention 
include those derived from TCR Zeta. FeRgamma, FcR beta, 
CD3 gamma, CD3 delta, CD3 epsilon, CD5, CD22, CD79a. 
CD79b, and CD66d. It is particularly preferred that cytoplas 
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mic signaling molecule in the CAR of the invention com 
prises a cytoplasmic signaling sequence derived from CD3 
Zeta. 

0154) In a preferred embodiment, the cytoplasmic domain 
of the CAR can be designed to comprise the CD3-Zeta sig 
naling domain by itself or combined with any other desired 
cytoplasmic domain(s) useful in the context of the CAR of the 
invention. For example, the cytoplasmic domain of the CAR 
can comprise a CD3 Zeta chain portion and a costimulatory 
signaling region. The costimulatory signaling region refers to 
a portion of the CAR comprising the intracellular domain of 
a costimulatory molecule. A costimulatory molecule is a cell 
Surface molecule other than an antigen receptor or its ligands 
that is required for an efficient response of lymphocytes to an 
antigen. Examples of such molecules include CD27. CD28, 
4-1BB (CD137), OX40, CD30, CD40, PD-1, ICOS, lympho 
cyte function-associated antigen-1 (LFA-1), CD2, CD7. 
LIGHT, NKG2C, B7-H3, and a ligand that specifically binds 
with CD83, and the like. Thus, while the invention in exem 
plified primarily with CD28 and 4-1BB as the co-stimulatory 
signaling element, other costimulatory elements are within 
the scope of the invention. 
0155 The cytoplasmic signaling sequences within the 
cytoplasmic signaling portion of the CAR of the invention 
may be linked to each other in a random or specified order. 
Optionally, a short oligo- or polypeptide linker, preferably 
between 2 and 10amino acids in length may form the linkage. 
A glycine-serine doublet provides a particularly Suitable 
linker. 
0156. In one embodiment, the cytoplasmic domain is 
designed to comprise the signaling domain of CD3-Zeta and 
the signaling domain of CD28. In another embodiment, the 
cytoplasmic domain is designed to comprise the signaling 
domain of CD3-Zeta and the signaling domain of 4-1BB. 

Vectors 

0157. The present invention also provides vectors in 
which a DNA of the present invention is inserted. Vectors 
derived from retroviruses such as the lentivirus are suitable 
tools to achieve long-term gene transfer since they allow 
long-term, stable integration of a transgene and its propaga 
tion in daughter cells. Lentiviral vectors have the added 
advantage over vectors derived from onco-retroviruses Such 
as murine leukemia viruses in that they can transduce non 
proliferating cells, such as hepatocytes. They also have the 
added advantage of low immunogenicity. 
0158. In brief summary, the expression of natural or syn 

thetic nucleic acids encoding CARS is typically achieved by 
operably linking a nucleic acid encoding the CAR polypep 
tide or portions thereof to a promoter, and incorporating the 
construct into an expression vector. The vectors can be Suit 
able for replication and integration eukaryotes. Typical clon 
ing vectors contain transcription and translation terminators, 
initiation sequences, and promoters useful for regulation of 
the expression of the desired nucleic acid sequence. 
0159. The nucleic acid can be cloned into a number of 
types of vectors. For example, the nucleic acid can be cloned 
into a vector including, but not limited to a plasmid, a 
phagemid, a phage derivative, an animal virus, and a cosmid. 
Vectors of particular interest include expression vectors, rep 
lication vectors, probe generation vectors, and sequencing 
VectOrS. 

0160. Further, the expression vector may be provided to a 
cell in the form of a viral vector. Viral vector technology is 
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well known in the art and is described, for example, in Sam 
brook et al., MOLECULAR CLONING: A LABORATORY 
MANUAL, volumes 1-3 (3" ed., Cold Spring Harbor Press, 
NY 2001), and in other virology and molecular biology 
manuals. Viruses, which are useful as Vectors include, but are 
not limited to, retroviruses, adenoviruses, adeno-associated 
viruses, herpesviruses, and tentiviruses. In general, a Suitable 
vector contains an origin of replication functional in at least 
one organism, a promoter sequence, convenient restriction 
endonuclease sites, and one or more selectable markers, (e.g., 
WO 01/96584: WO 01/29058; and U.S. Pat. No. 6,326,193). 
0.161 Additional promoter elements, e.g. enhancers, regu 
late the frequency of transcriptional initiation. Typically, 
these are located in the region 30-110 bp upstream of the start 
site, although a number of promoters have recently been 
shown to contain functional elements downstream of the start 
site as well. The spacing between promoter elements fre 
quently is flexible, so that promoter function is preserved 
when elements are inverted or moved relative to one another. 
In the thymidine kinase (tk) promoter, the spacing between 
promoter elements can be increased to 50 bp apart before 
activity begins to decline. Depending on the promoter, it 
appears that individual elements can function either coopera 
tively or independently to activate transcription. 
0162 An example of a promoter is the immediate early 
cytomegalovirus (CMV) promoter sequence. This promoter 
sequence is a strong constitutive promoter sequence capable 
of driving high levels of expression of any polynucleotide 
sequence operatively linked thereto. However, other consti 
tutive promoter sequences may also be used, including, but 
not limited to the simian virus 40 (SV40) early promoter, 
mouse mammary tumor virus (MMTV), human immunode 
ficiency virus (HIV) long terminal repeat (LTR) promoter, 
MoMul V promoter, an avian leukemia virus promoter, an 
Epstein-Barr virus immediate early promoter, a Rous sar 
coma virus promoter, as well as human gene promoters such 
as, but not limited to, the actin promoter, the myosin pro 
moter, the hemoglobin promoter, and the creatine kinase pro 
moter. Further, the invention should not be limited to the use 
of constitutive promoters. Inducible promoters are also con 
templated as part of the invention. The use of an inducible 
promoter provides a molecular Switch capable of turning on 
expression of the polynucleotide sequence which it is opera 
tively linked when Such expression is desired, or turning off 
the expression when expression is not desired. Examples of 
inducible promoters include, but are not limited to a metal 
lothionine promoter, a glucocorticoid promoter, a progester 
one promoter, and a tetracycline promoter. 
0163. In order to assess the expression of a CAR polypep 
tide or portions thereof, the expression vector to be intro 
duced into a cell can also contain either a selectable marker 
gene or a reporter gene or both to facilitate identification and 
selection of expressing cells from the population of cells 
sought to be transfected or infected through viral vectors. In 
other aspects, the selectable marker may be carried on a 
separate piece of DNA and used in a co-transfection proce 
dure. Both selectable markers and reporter genes may be 
flanked with appropriate regulatory sequences to enable 
expression in the host cells. Useful selectable markers 
include, for example, antibiotic-resistance genes, such as neo 
and the like. 
0164 Reporter genes are used for identifying potentially 
transfected cells and for evaluating the functionality of regu 
latory sequences. In general, a reporter gene is a gene that is 
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not present in or expressed by the recipient organism or tissue 
and that encodes a polypeptide whose expression is mani 
fested by Some easily detectable property, e.g., enzymatic 
activity. Expression of the reporter gene is assayed at a Suit 
able time after the DNA has been introduced into the recipient 
cells. Suitable reporter genes may include genes encoding 
luciferase, beta-galactosidase, chloramphenicol acetyl trans 
ferase, secreted alkaline phosphatase, or the green fluorescent 
protein gene (e.g. Ui-Tei et al., 2000 FEBS Letters 479: 
79-82). Suitable expression systems are well known and may 
be prepared using known techniques or obtained commer 
cially. In general, the construct with the minimal 5' flanking 
region showing the highest level of expression of reporter 
gene is identified as the promoter. Such promoter regions may 
be linked to a reporter gene and used to evaluate agents for the 
ability to modulate promoter-driven transcription. 
0.165 Methods of introducing and expressing genes into a 
cell are known in the art. In the context of an expression 
vector, the vector can be readily introduced into a host cell, 
e.g., mammalian, bacterial, yeast, or insect cell by any 
method in the art. For example, the expression vector can be 
transferred into a host cell by physical, chemical, or biologi 
cal means. 
0166 Physical methods for introducing a polynucleotide 
into a host cell include calcium phosphate precipitation, lipo 
fection, particle bombardment, micrinjection, electropora 
tion, and the like. Methods for producing cells comprising 
vectors and/or exogenous nucleic acids are well-known in the 
art. See, for example. Sambrook et al., MOLECULAR 
CLONING: A LABORATORY MANUAL volumes 1-3 (3' 
ed., Cold Spring Harbor Press, NY 2001). 
0167 Biological methods for introducing a polynucle 
otide of interest into a host cell include the use of DNA and 
RNA vectors. Viral vectors, and especially retroviral vectors, 
have become the most widely used method for inserting genes 
into mammalian, e.g., human cells. Other viral vectors can be 
derived from lentivirus, poxviruses, herpes simplex virus I. 
adenoviruses and adeno-associated viruses, and the like. See, 
for example, U.S. Pat. Nos. 5,350,674 and 5,585,362. 
0168 Chemical means for introducing a polynucleotide 
into a host cell include colloidal dispersion systems, such as 
macromolecule complexes, nanocapsules, microspheres, 
beads, and lipid-based systems including oil-in-water emul 
sions, micelles, mixed micelles, and liposomes. An exem 
plary colloidal system for use as a delivery vehicle invitro and 
in vivo is a liposome (e.g., an artificial membrane vesicle). 
0169. In the case where a non-viral delivery system is 

utilized, an exemplary delivery vehicle is a liposome. The use 
of lipid formulations is contemplated for the introduction of 
the nucleic acids into a host cell (in vitro, ex vivo or in vivo). 
In another aspect, the nucleic acid may be associated with a 
lipid. The nucleic acid associated with a lipid may be encap 
Sulated in the aqueous interior of a liposome, interspersed 
within the lipid bilayer of a liposome, attached to a liposome 
via a linking molecule that is associated with both the lipo 
Some and the oligonucleotide, entrapped in a liposome, com 
plexed with a liposome, dispersed in a solution containing a 
lipid, mixed with a lipid, combined with a lipid, contained as 
a Suspension in a lipid, contained or complexed with a 
micelle, or otherwise associated with a lipid. Lipid, lipid/ 
DNA or lipid/expression vector associated compositions are 
not limited to any particular structure in Solution. For 
example, they may be present in a bilayer structure, as 
micelles, or with a “collapsed structure. They may also sim 
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ply be interspersed in a solution, possibly forming aggregates 
that are not uniform in size or shape. Lipids are fatty Sub 
stances which may be naturally occurring or synthetic lipids. 
For example, lipids include the fatty droplets that naturally 
occur in the cytoplasm as well as the class of compounds 
which contain long-chain aliphatic hydrocarbons and their 
derivatives, such as fatty acids, alcohols, amines, amino alco 
hols, and aldehydes. 
0170 Lipids suitable for use can be obtained from com 
mercial Sources. For example, dimyristyl phosphatidylcho 
line (“DMPC) can be obtained from Sigma. St. Louis, Mo.; 
dicetyl phosphate (DCP) can be obtained from K & K 
Laboratories (Plainview, N.Y.); cholesterol (“Choi') can be 
obtained from Calbiochem-Behring; dimyristyl phosphati 
dylglycerol (“DMPG') and other lipids may be obtained from 
Avanti Polar Lipids, Inc. (Birmingham, Ala.). Stock solutions 
oflipids in chloroform or chloroform/methanol can be stored 
at about -20°C. Chloroform is used as the only solvent since 
it is more readily evaporated than methanol. "Liposome' is a 
generic term encompassing a variety of single and multila 
mellar lipid vehicles formed by the generation of enclosed 
lipid bilayers or aggregates. Liposomes can be characterized 
as having vesicular structures with a phospholipid bilayer 
membrane and an inner aqueous medium. Multilamellar lipo 
Somes have multiple lipid layers separated by aqueous 
medium. They form spontaneously when phospholipids are 
Suspended in an excess of aqueous solution. The lipid com 
ponents undergo self-rearrangement before the formation of 
closed structures and entrap water and dissolved solutes 
between the lipid bilayers (Ghosh et al., 1991 Glycobiology 
5: 505-10). However, compositions that have different struc 
tures in solution than the normal vesicular structure are also 
encompassed. For example, the lipids may assume a micellar 
structure or merely exist as nonuniform aggregates of lipid 
molecules. Also contemplated are lipofectamine-nucleic acid 
complexes. 

Sources of T Cells 

0171 Prior to expansion and genetic modification, a 
source of T cells is obtained from a subject. The term “sub 
ject' is intended to include living organisms in which an 
immune response can be elicited (e.g., mammals). Examples 
of Subjects include humans, dogs, cats, mice, rats, and trans 
genic species thereof. T cells can be obtained from a number 
of Sources, including peripheral blood mononuclear cells, 
bone marrow, lymph node tissue, cord blood, thymus tissue, 
tissue from a site of infection, ascites, pleural effusion, spleen 
tissue, and tumors. In certain embodiments of the present 
invention, any number of T cell lines available in the art, may 
be used. In certain embodiments of the present invention, T 
cells can be obtained from a unit of blood collected from a 
Subject using any number of techniques known to the skilled 
artisan, such as FicollTM separation. In one preferred embodi 
ment, cells from the circulating blood of an individual are 
obtained by apheresis. The apheresis product typically con 
tains lymphocytes, including T cells, monocytes, granulo 
cytes, B cells, other nucleated white blood cells, red blood 
cells, and platelets. In one embodiment, the cells collected by 
apheresis may be washed to remove the plasma fraction and 
to place the cells in an appropriate buffer or media for subse 
quent processing steps. In one embodiment of the invention, 
the cells are washed with phosphate buffered saline (PBS). In 
an alternative embodiment, the wash Solution lacks calcium 
and may lack magnesium or may lack many if not all divalent 
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cations. Again, Surprisingly, initial activation steps in the 
absence of calcium lead to magnified activation. As those of 
ordinary skill in the art would readily appreciate a washing 
step may be accomplished by methods known to those in the 
art, such as by using a semi-automated “flow-through cen 
trifuge (for example, the Cobe 2991 cell processor, the Baxter 
CytoMate, or the Haemonetics Cell Saver 5) according to the 
manufacturers instructions. After washing, the cells may be 
resuspended in a variety of biocompatible buffers, such as, for 
example, Ca-free, Mg-free PBS, PlasmaLyte A, or other 
saline solution with or without buffer. Alternatively, the unde 
sirable components of the apheresis sample may be removed 
and the cells directly resuspended in culture media. 
0172. In another embodiment T cells are isolated from 
peripheral blood lymphocytes by lysing the red blood cells 
and depleting the monocytes, for example, by centrifugation 
through a PERCOLLTM gradient or by counterflow centrifu 
gal elutriation. A specific Subpopulation of T cells, such as 
CD3", CD28", CD4", CD8", CD45RA", and CD45RO" T 
cells, can be further isolated by positive or negative selection 
techniques. For example, in one embodiment, T cells are 
isolated by incubation with anti-CD3/anti-CD28 (i.e., 3x28)- 
conjugated beads, such as DYNABEADS(R) M-450 CD3/ 
CD28 T, for a time period sufficient for positive selection of 
the desired T cells. In one embodiment, the time period is 
about 30 minutes. In a further embodiment, the time period 
ranges from 30 minutes to 36 hours or longer and all integer 
values there between. In a further embodiment, the time 
period is at least 1, 2, 3, 4, 5, or 6 hours. In yet another 
preferred embodiment, the time period is 10 to 24 hours. In 
one preferred embodiment, the incubation time period is 24 
hours. For isolation of T cells from patients with leukemia, 
use of longer incubation times, such as 24 hours, can increase 
cell yield. Longer incubation times may be used to isolate T 
cells in any situation where there are few T cells as compared 
to other cell types, such in isolating tumor infiltrating lym 
phocytes (TIL) from tumor tissue or from immunocompro 
mised individuals. Further, use of longer incubation times can 
increase the efficiency of capture of CD8+ T cells. Thus, by 
simply shortening or lengthening the time T cells are allowed 
to bind to the CD3/CD28 beads and/or by increasing or 
decreasing the ratio of beads to T cells (as described further 
herein), subpopulations of T cells can be preferentially 
selected for or against at culture initiation or at other time 
points during the process. Additionally, by increasing or 
decreasing the ratio of anti-CD3 and/or anti-CD28 antibodies 
on the beads or other surface, subpopulations of T cells can be 
preferentially selected for or against at culture initiation or at 
other desired time points. The skilled artisan would recognize 
that multiple rounds of selection can also be used in the 
context of this invention. In certain embodiments, it may be 
desirable to perform the selection procedure and use the 
“unselected” cells in the activation and expansion process. 
“Unselected cells can also be subjected to further rounds of 
selection. 

0173 Enrichment of a T cell population by negative selec 
tion can be accomplished with a combination of antibodies 
directed to Surface markers unique to the negatively selected 
cells. One method is cell sorting and/or selection via negative 
magnetic immunoadherence or flow cytometry that uses a 
cocktail of monoclonal antibodies directed to cell surface 
markers present on the cells negatively selected. For example, 
to enrich for CD4" cells by negative selection, a monoclonal 
antibody cocktail typically includes antibodies to CD14, 
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CD20, CD11b, CD16, HLA-DR, and CD8. In certain 
embodiments, it may be desirable to enrich for or positively 
select for regulatory T cells which typically express CD4". 
CD25", CD62L", GITR", and FoxP3". Alternatively, in cer 
tain embodiments. Tregulatory cells are depleted by anti-C25 
conjugated beads or other similar method of selection. 
0.174 For isolation of a desired population of cells by 
positive or negative selection, the concentration of cells and 
Surface (e.g., particles Such as beads) can be varied. In certain 
embodiments, it may be desirable to significantly decrease 
the Volume in which beads and cells are mixed together (i.e., 
increase the concentration of cells), to ensure maximum con 
tact of cells and beads. For example, in one embodiment, a 
concentration of 2 billion cells/ml is used. In one embodi 
ment, a concentration of 1 billion cells/ml is used. In a further 
embodiment, greater than 100 million cells/mil is used. In a 
further embodiment, a concentration of cells of 10, 15, 20, 25, 
30, 35, 40, 45, or 50 million cells/ml is used. In yet another 
embodiment, a concentration of cells from 75, 80, 85,90, 95, 
or 100 million cells/ml is used. In further embodiments, con 
centrations of 125 or 150 million cells/ml can be used. Using 
high concentrations can result in increased cell yield, cell 
activation, and cell expansion. Further, use of high cell con 
centrations allows more efficient capture of cells that may 
weakly express target antigens of interest, such as CD28 
negative T cells, or from samples where there are many tumor 
cells present (i.e., leukemic blood, tumor tissue, etc.). Such 
populations of cells may have therapeutic value and would be 
desirable to obtain. For example, using high concentration of 
cells allows more efficient selection of CD8" T cells that 
normally have weaker CD28 expression. 
0.175. In a related embodiment, it may be desirable to use 
lower concentrations of cells. By significantly diluting the 
mixture of T cells and Surface (e.g., particles Such as beads), 
interactions between the particles and cells is minimized. 
This selects for cells that express high amounts of desired 
antigens to be bound to the particles. For example, CD4 T 
cells express higher levels of CD28 and are more efficiently 
captured than CD8" T cells in dilute concentrations. In one 
embodiment, the concentration of cells used is 5x10/ml. In 
other embodiments, the concentration used can be from about 
1x10/ml to 1x10"/ml, and any integer value in between. 
0176). In other embodiments, the cells may be incubated on 
a rotator for varying lengths of time at varying speeds at either 
2-10°C. or at mom temperature. 
0177 T cells for stimulation can also be frozen after a 
washing step. Wishing not to be bound by theory, the freeze 
and Subsequent thaw step provides a more uniform product by 
removing granulocytes and to some extent monocytes in the 
cell population. After the washing step that removes plasma 
and platelets, the cells may be suspended in a freezing solu 
tion. While many freezing Solutions and parameters are 
known in the art and will be useful in this context, one method 
involves using PBS containing 20% DMSO and 8% human 
serum albumin, or culture media containing 10% Dextran 40 
and 5% Dextrose, 20% Human Serum Albumin and 7.5% 
DMSO, or 31.25% Plasmalyte-A, 31.25% Dextrose 5%, 
0.45% NaCl, 10% Dextran 40 and 5% Dextrose, 20% Human 
Serum Albumin, and 7.5% DMSO or other suitable cell freez 
ing media containing for example, Hespan and Plasmayte A, 
the cells then are frozen to -80° C. at a rate of 1 per minute 
and stored in the vapor phase of a liquid nitrogen storage tank. 
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Other methods of controlled freezing may be used as well as 
uncontrolled freezing immediately at -20° C. or in liquid 
nitrogen. 
0178. In certain embodiments, cryopreserved cells are 
thawed and washed as described herein and allowed to rest for 
one hour at mom temperature prior to activation using the 
methods of the present invention. 
0179 Also contemplated in the context of the invention is 
the collection of blood samples or apheresis product from a 
Subject at a time period prior to when the expanded cells as 
described herein might be needed. As such, the source of the 
cells to be expanded can be collected at any time point nec 
essary, and desired cells, such as T cells, isolated and frozen 
for later use in T cell therapy for any number of diseases or 
conditions that would benefit from T cell therapy, such as 
those described herein. In one embodiment a blood sample or 
an apheresis is taken from a generally healthy Subject. In 
certain embodiments, a blood sample oran apheresis is taken 
from a generally healthy Subject who is at risk of developing 
a disease, but who has not yet developed a disease, and the 
cells of interest are isolated and frozen for later use. In certain 
embodiments, the T cells may be expanded, frozen, and used 
at a later time. In certain embodiments, samples are collected 
from a patient shortly after diagnosis of a particular disease as 
described herein but prior to any treatments. In a further 
embodiment, the cells are isolated from a blood sample oran 
apheresis from a Subject prior to any number of relevant 
treatment modalities, including but not limited to treatment 
with agents Such as natalizumab, efalizumab, antiviral agents, 
chemotherapy, radiation, immunosuppressive agents, such as 
cyclosporin, azathioprine, methotrexate, mycophenolate, and 
FKS06, antibodies, or other immunoablative agents such as 
CAMPATH, anti-CD3 antibodies, cytoxan, fludarabine, 
cyclosporin, FK506, rapamycin, mycophenolic acid, Ste 
roids, FR901228, and irradiation. These drugs inhibit either 
the calcium dependent phosphatase calcineurin (cyclosporine 
and FK506) or inhibit the p70S6 kinase that is important for 
growth factor induced signaling (rapamycin). (Liu et al., Cell 
66:807-815, 1991; Henderson et al., Immun. 73:316-321, 
1991: Bierer et al., Curr. Opin. Immun. 5:763-773, 1993). In 
a further embodiment, the cells are isolated for a patient and 
frozen for later use in conjunction with (e.g., before, simul 
taneously or following) bone marrow or stem cell transplan 
tation, T cell ablative therapy using either chemotherapy 
agents such as, fludarabine, external-beam radiation therapy 
(XRT), cyclophosphamide, or antibodies such as OKT3 or 
CAMPATH. In another embodiment, the cells are isolated 
prior to and can be frozen for later use for treatment following 
B-cell ablative therapy such as agents that react with CD20, 
e.g., Rituxan. 
0180. In a further embodiment of the present invention, T 
cells are obtained from a patient directly following treatment. 
In this regard, it has been observed that following certain 
cancer treatments, in particular treatments with drugs that 
damage the immune system, shortly after treatment during 
the period when patients would normally be recovering from 
the treatment, the quality of T cells obtained may be optimal 
or improved for their ability to expand ex vivo. Likewise, 
following ex vivo manipulation using the methods described 
herein, these cells may be in a preferred state for enhanced 
engraftment and in vivo expansion. Thus, it is contemplated 
within the context of the present invention to collect blood 
cells, including T cells, dendritic cells, or other cells of the 
hematopoietic lineage, during this recovery phase. Further, in 
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certain embodiments, mobilization (for example, mobiliza 
tion with GM-CSF) and conditioning regimens can be used to 
create a condition in a Subject wherein repopulation, recircu 
lation, regeneration, and/or expansion of particular cell types 
is favored, especially during a defined window of time fol 
lowing therapy. Illustrative cell types include T cells, B cells, 
dendritic cells, and other cells of the immune system. 

Activation and Expansion of T Cells 
0181 T cells are activated and expanded generally using 
methods as described, for example, in U.S. Pat. Nos. 6,352. 
694; 6,534,055; 6,905,680; 6,692,964; 5,858,358; 6,887,466; 
6,905,681; 7,144,575; 7,067,318; 7,172,869; 7,232,566; 
7,175,843; 5,883,223; 6,905,874; 6,797,514; 6,867,041; and 
U.S. Patent Application Publication No. 20060121005. 
0182 Generally, the T cells of the invention are expanded 
by contact with a surface having attached thereto an agent that 
stimulates a CD3/TCR complex associated signal and a 
ligand that stimulates a co-stimulatory molecule on the Sur 
face of the T cells. In particular, T cell populations may be 
stimulated as described herein, Such as by contact with an 
anti-CD3 antibody, or antigen-binding fragment thereof, or 
an anti-CD2 antibody immobilized on a surface, or by contact 
with a protein kinase C activator (e.g., bryostatin) in conjunc 
tion with a calcium ionophore. For co-stimulation of an 
accessory molecule on the Surface of the T cells, a ligand that 
binds the accessory molecule is used. For example, a popu 
lation of T cells can be contacted with an anti-CD3 antibody 
and an anti-CD28 antibody, under conditions appropriate for 
stimulating proliferation of the T cells. To stimulate prolif 
eration of either CD4 T cells or CD8" T cells, an anti-CD3 
antibody and an anti-CD28 antibody. Examples of an anti 
CD28 antibody include 9.3, B-T3, XR-CD28 (Diaclone, 
Besancon, France) can be used as can other methods com 
monly known in the art (Berg et al., Transplant Proc. 30(8): 
3975-3977, 1998; Haanen et al. J. Exp. Med. 
190(9): 13191328, 1999; Garland et al., J. Immunol Meth. 
227(1-2):53-63, 1999). 
0183 In certain embodiments, the primary stimulatory 
signal and the co-stimulatory signal for the T cell may be 
provided by different protocols. For example, the agents pro 
viding each signal may be in Solution or coupled to a surface. 
When coupled to a surface, the agents may be coupled to the 
same Surface (i.e., in “cis' formation) or to separate Surfaces 
(i.e., in “trans' formation). Alternatively, one agent may be 
coupled to a surface and the other agent in solution. In one 
embodiment, the agent providing the co-stimulatory signal is 
bound to a cell Surface and the agent providing the primary 
activation signal is in Solution or coupled to a surface. In 
certain embodiments, both agents can be in Solution. In 
another embodiment, the agents may be in soluble form, and 
then cross-linked to a surface, such as a cell expressing Fc 
receptors or an antibody or other binding agent which will 
bind to the agents. In this regard, see for example. U.S. Patent 
Application Publication Nos. 20040101519 and 
20060034810 for artificial antigen presenting cells (aAPCs) 
that are contemplated for use in activating and expanding T 
cells in the present invention. 
0184. In one embodiment, the two agents are immobilized 
on beads, either on the same bead, i.e., “cis, or to separate 
heads, i.e. “trans. By way of example, the agent providing 
the primary activation signal is an anti-CD3 antibody or an 
antigen-binding fragment thereof and the agent providing the 
co-stimulatory signal is an anti-CD28 antibXody or antigen 
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binding fragment thereof, and both agents are co-immobi 
lized to the same bead in equivalent molecular amounts. In 
one embodiment, a 1:1 ratio of each antibody bound to the 
beads for CD4 T cell expansion and T cell growth is used. In 
certain aspects of the present invention, a ratio of anti CD3: 
CD28 antibodies bound to the beads is used such that an 
increase in T cell expansion is observed as compared to the 
expansion observed using a ratio of 1:1. In one particular 
embodiment an increase of from about 1 to about 3 fold is 
observed as compared to the expansion observed using a ratio 
of 1:1. In one embodiment, the ratio of CD3:CD28 antibody 
bound to the heads ranges from 100:1 to 1:100 and all integer 
values there between. In one aspect of the present invention, 
more anti-CD28 antibody is bound to the particles than anti 
CD3 antibody, i.e., the ratio of CD3:CD28 is less than one. In 
certain embodiments of the invention, the ratio of anti CD28 
antibody to anti CD3 antibody bound to the beads is greater 
than 2:1. In one particular embodiment, a 1:100 CD3:CD28 
ratio of antibody bound to beads is used. In another embodi 
ment, a 1:75 CD3:CD28 ratio of antibody bound to beads is 
used. In a further embodiment, a 1:50 CD3:CD28 ratio of 
antibody bound to beads is used. In another embodiment, a 
1:30 CD3:CD28 ratio of antibody bound to beads is used. In 
one preferred embodiment, a 1:10 CD3:CD28 ratio of anti 
body bound to beads is used. In another embodiment, a 1:3 
CD3:CD28 ratio of antibody bound to the beads is used. In yet 
another embodiment, a 3:1 CD3:CD28 ratio of antibody 
bound to the heads is used. 

0185. Ratios of particles to cells from 1:500 to 500:1 and 
any integer values in between may be used to stimulate T cells 
or other target cells. As those of ordinary skill in the art can 
readily appreciate, the ratio of particles to cells may depend 
on particle size relative to the target cell. For example, Small 
sized beads could only bind a few cells, while larger beads 
could bind many. In certain embodiments the ratio of cells to 
particles ranges from 1:100 to 100:1 and any integer values 
in-between and in further embodiments the ratio comprises 
1:9 to 9:1 and any integer values in between, can also be used 
to stimulate T cells. The ratio of anti-CD3- and anti-CD28 
coupled particles to T cells that result in T cell stimulation can 
vary as noted above, however certain preferred values include 
1:100, 1:50, 1:40, 1:30, 1:20, 1:10, 1:9, 1:8, 1:7, 1:6. 1:5, 1:4, 
1:3, 1:2, 1:1, 2:13:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1, 10:1, and 15:1 
with one preferred ratio being at least 1:1 particles per T cell. 
In one embodiment, a ratio of particles to cells of 1:1 or less 
is used. In one particular embodiment, a preferred particle: 
cell ratio is 1:5. In further embodiments, the ratio of particles 
to cells can be varied depending on the day of stimulation. For 
example, in one embodiment, the ratio of particles to cells is 
from 1:1 to 10:1 on the first day and additional particles are 
added to the cells every day or every other day thereafter for 
up to 10 days, at final ratios of from 1:1 to 1:10 (based on cell 
counts on the day of addition). In one particular embodiment, 
the ratio of particles to cells is 1:1 on the first day of stimu 
lation and adjusted to 1:5 on the third and fifth days of stimu 
lation. In another embodiment, particles are added on a daily 
or every other day basis to a final ratio of 1:1 on the first day, 
and 1:5 on the third and fifth days of stimulation. In another 
embodiment, the ratio of particles to cells is 2:1 on the first 
day of stimulation and adjusted to 1:10 on the third and fifth 
days of stimulation. In another embodiment, particles are 
added on a daily or every other day basis to a final ratio of 1:1 
on the first day, and 1:10 on the third and fifth days of stimu 
lation. One of skill in the art will appreciate that a variety of 
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other ratios may be suitable for use in the present invention. In 
particular, ratios will vary depending on particle size and on 
cell size and type. 
0186. In further embodiments of the present invention, the 
cells, such as T cells, are combined with agent-coated beads, 
the beads and the cells are Subsequently separated, and then 
the cells are cultured. In an alternative embodiment, prior to 
culture, the agent-coated beads and cells are minot separated 
but are cultured together. In a further embodiment, the beads 
and cells are first concentrated by application of a force. Such 
as a magnetic force, resulting in increased ligation of cell 
Surface markers, thereby inducing cell stimulation. 
0187. By way of example, cell surface proteins may be 
ligated by allowing paramagnetic beads to which anti-CD3 
and anti-CD2S are attached (3x28 beads) to contact the T 
cells. In one embodiment the cells (for example, 10 to 10T 
cells) and beads (for example, DYNABEADS(R) M-450 CD3/ 
CD28T paramagnetic beads at a ratio of 1:1) are combined in 
a buffer, preferably PBS (without divalent cations such as, 
calcium and magnesium). Again, those of ordinary skill in the 
art can readily appreciate any cell concentration may be used. 
For example, the target cell may be very rare in the sample and 
comprise only 0.01% of the sample or the entire sample (i.e., 
100%) may comprise the target cell of interest. Accordingly, 
any cell number is within the context of the present invention. 
In certain embodiments, it may be desirable to significantly 
decrease the volume in which particles and cells are mixed 
together (i.e., increase the concentration of cells), to ensure 
maximum contact of cells and particles. For example, in one 
embodiment, a concentration of about 2 billion cells/ml is 
used. In another embodiment, greater than 100 million cells/ 
ml is used. In a further embodiment, a concentration of cells 
of 10, 15, 20, 25, 30, 35, 40, 45, or 50 million cells/ml is used. 
In yet another embodiment, a concentration of cells from 75, 
80, 85, 90, 95, or 100 million cells/ml is used. In further 
embodiments, concentrations of 125 or 150 million cells/ml 
can be used. Using high concentrations can result in increased 
cell yield, cell activation, and cell expansion. Further, use of 
high cell concentrations allows more efficient capture of cells 
that may weakly express target antigens of interest, Such as 
CD28-negative T cells. Such populations of cells may have 
therapeutic value and would be desirable to obtain in certain 
embodiments. For example, using high concentration of cells 
allows more efficient selection of CD8+ T cells that normally 
have weaker CD28 expression. 
0188 In one embodiment of the present invention, the 
mixture may be cultured for several hours (about 3 hours) to 
about 14 days or any hourly integer value in between. In 
another embodiment, the mixture may be cultured for 21 
days. In one embodiment of the invention the beads and the T 
cells are cultured together for about eight days. In another 
embodiment, the beads and T cells are cultured together for 
2-3 days. Several cycles of stimulation may also be desired 
such that culture time of T cells can be 60 days or more. 
Conditions appropriate for T cell culture include an appropri 
ate media (e.g., Minimal Essential Media or RPMI Media 
1640 or, X-vivo 15, (Lonza)) that may contain factors neces 
sary for proliferation and viability, including serum (e.g., 
fetal bovine or human serum), interleukin-2 (IL-2), insulin, 
IFN-y, IL-4, IL-7, CM-CSF, IL-10, IL-12, IL-15, TGFB, and 
TNF-C., or any other additives for the growth of cells known 
to the skilled artisan. Other additives for the growth of cells 
include, but are not limited to, Surfactant, plasmanate, and 
reducing agents such as N-acetyl-cysteine and 2-mercaptoet 
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hanol. Media can include RPMI 1640, AIM-V, DMEM, 
MEM, C-MEM, F-12, X-Vivo 15, and X-Vivo 20, Optimizer, 
with added amino acids, Sodium pyruvate, and vitamins. 
either serum-free or Supplemented with an appropriate 
amount of serum (or plasma) or a defined set of hormones, 
and/or an amount of cytokine(s) sufficient for the growth and 
expansion of T cells. Antibiotics, e.g., penicillin and strepto 
mycin, are included only in experimental cultures, not in 
cultures of cells that are to be infused into a subject. The target 
cells are maintained under conditions necessary to Support 
growth, for example, an appropriate temperature (e.g., 37°C.) 
and atmosphere (e.g., airplus 5% CO). 
0189 T cells that have been exposed to varied stimulation 
times may exhibit different characteristics. For example, typi 
cal blood or apheresed peripheral blood mononuclear cell 
products have a helper T cell population (T, CD4") that is 
greater than the cytotoxic or Suppressor T cell population (T, 
CD8"). Ex vivo expansion of T cells by stimulating CD3 and 
CD28 receptors produces a population of T cells that prior to 
about days 8-9 consists predominately of T cells, while after 
about days 8-9, the population of T cells comprises an 
increasingly greater population of T cells. Accordingly, 
depending on the purpose of treatment, infusing a subject 
with a T cell population comprising predominately of T cells 
may be advantageous. Similarly, if an antigen-specific Subset 
of T cells has been isolated it may be beneficial to expand 
this Subset to a greater degree. 
0190. Further, in addition to CD4 and CD8 markers, other 
phenotypic markers vary significantly, but in large part, repro 
ducibly during the course of the cell expansion process. Thus, 
such reproducibility enables the ability to tailor an activated T 
cell product for specific purposes. 

Therapeutic Application 

0191 In one embodiment, the invention pertains to a 
method of inhibiting growth of a GPC3-expressing tumor 
cell, comprising contacting the tumor cell with at least one 
antibody or a fragment thereof of the invention such that 
growth of the tumor cell is inhibited. 
0.192 In one embodiment, the invention pertains to a 
method of inhibiting growth of a GPC3-expressing tumor 
cell, comprising contacting the tumor cell with an anti-GPC3 
CART cell of the present invention such that growth of the 
tumor cell is inhibited. 
0193 In another aspect, the invention pertains to a method 
of treating cancer in a Subject. The method comprises admin 
istering to the Subject an antibody or a fragment of the inven 
tion oran anti-GPC3 CART cell of the present invention such 
that the cancer is treated in the subject. Particularly preferred 
cancers for treatment are hepatocellular carcinomas, pancre 
atic cancers, ovarian cancers, stomach cancers, lung cancers 
and endometrial cancers. In still other embodiments, the can 
cer to be treated is selected from the group consisting of 
hepatocellular carcinomas, papillary serous ovarian adeno 
carcinomas, clear cell ovarian carcinomas, mixed Mullerian 
ovarian carcinomas, endometroid mucinous ovarian carcino 
mas, pancreatic adenocarcinomas, ductal pancreatic adeno 
carcinomas, uterine serous carcinomas, lung adenocarcino 
mas, extrahepatic bile duct carcinomas, gastric 
adenocarcinomas, esophageal adenocarcinomas colorectal 
adenocarcinomas and breast adenocarcinomas. 
0194 The present invention includes a type of cellular 
therapy where T cells are genetically modified to express a 
chimeric antigen receptor (CAR) and the CAR T cell is 
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infused to a recipient in need thereof. The infused cell is able 
to kill tumor cells in the recipient. Unlike antibody therapies, 
CAR-modified T cells are able to replicate in vivo resulting in 
long-term persistence that can lead to Sustained tumor con 
trol. In various embodiments, the T cells administered to the 
patient, or their progeny, persist in the patient for at least four 
months, five months, six months, seven months, eight 
months, nine months, ten months, eleven months, twelve 
months, thirteen months, fourteen month, fifteen months, 
sixteen months, seventeen months, eighteen months, nineteen 
months, twenty months, twenty-one months, twenty-two 
months, twenty-three months, two years, three years, four 
years, or five years after administration of the T cell to the 
patient. 
0.195 Without wishing to be bound by any particular 
theory, the anti-tumor immunity response elicited by the 
CAR-modified T cells may be an active or a passive immune 
response. In another embodiment, the fully-human CAR 
transduced T cells exhibit specific proinflammatory cytokine 
secretion and potent cytolytic activity in response to human 
cancer cells expressing the GPC3, resist soluble GPC3 inhi 
bition, mediate bystander killing and nmediate regression of 
an established human tumor. For example, antigen-less tumor 
cells within a heterogeneous field of GPC3-expressing tumor 
may be susceptible to indirect destruction by GPC3-redi 
rected T cells that has previously reacted against adjacent 
antigen-positive cancer cells. 
(0196. The fully-human CAR-modified T cells of the 
invention may be a type of vaccine for ex vivo immunization 
and/or in vivo therapy in a mammal. Preferably, the mammal 
is a human. 

0.197 With respect to ex vivo immunization, at least one of 
the following occurs in vitro prior to administering the cell 
into a mammal: i) expansion of the cells, ii) introducing a 
nucleic acid encoding a CAR to the cells or iii) cryopreser 
vation of the cells. 
0198 Ex vivo procedures are well known in the art and are 
discussed more fully below. Briefly, cells are isolated from a 
mammal (preferably a human) and genetically modified (i.e., 
transduced or transfected in vitro) with a vector expressing a 
CAR disclosed herein. The CAR-modified cell can be admin 
istered to a mammalian recipient to provide a therapeutic 
benefit. The mannnalian recipient may be a human and the 
CAR-modified cell can be autologous with respect to the 
recipient. Alternatively, the cells can be allogeneic, Syngeneic 
or Xenogeneic with respect to the recipient. 
0199 The procedure for ex vivo expansion of hematopoi 
etic stem and progenitor cells is described in U.S. Pat. No. 
5,199.942, incorporated herein by reference, can be applied 
to the cells of the present invention. Other suitable methods 
are known in the art, therefore the present invention is not 
limited to any particular method of ex vivo expansion of the 
cells. Briefly, ex vivo culture and expansion of T cells com 
prises: (1) collecting CD34+ hematopoietic stem and pro 
genitor cells from a mammal from peripheral bloodharvestor 
bone marrow explants; and (2) expanding Such cells ex vivo. 
In addition to the cellular growth factors described in U.S. 
Pat. No. 5,199,942, other factors such as flt3-L, IL-1, IL-3 and 
c-kit ligand, can be used for culturing and expansion of the 
cells. 

0200. In addition to using a cell-based vaccine in terms of 
ex vivo immunization, the present invention also provides 
compositions and methods for in vivo immunization to elicit 
an immune response directed against an antigen in a patient. 
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0201 Generally, the cells activated and expanded as 
described herein may be utilized in the treatment and preven 
tion of diseases that arise in individuals who are immunocom 
promised. In particular, the CAR-modified T cells of the 
invention are used in the treatment of diseases, disorders and 
conditions associated with dysregulated expression of GPC3. 
In certain embodiments, the cells of the invention are used in 
the treatment of patients at risk for developing diseases, dis 
orders and conditions associated with dysregulated expres 
sion of GPC3. Thus, the present invention provides methods 
for the treatment or prevention of diseases, disorders and 
conditions associated with dysregulated expression of GPC3 
comprising administering to a Subject in need thereof, athera 
peutically effective amount of the fully human CAR-modi 
fied T cells of the invention. 

0202 The CAR-modified T cells of the present invention 
may be administered either alone, or as a pharmaceutical 
composition in combination with diluents and/or with other 
components such as IL-2 or other cytokines or cell popula 
tions. Briefly, pharmaceutical compositions of the present 
invention may comprise a target cell population as described 
herein, in combination with one or more pharmaceutically or 
physiologically acceptable carriers, diluents or excipients. 
Such compositions may comprise buffers such as neutral 
buffered saline, phosphate buffered saline and the like: car 
bohydrates Such as glucose, mannose, Sucrose or dextrans, 
mannitol; proteins; polypeptides or amino acids Such as gly 
cine; antioxidants; chelating agents such as EDTA or glu 
tathione; adjuvants (e.g., aluminum hydroxide); and preser 
vatives. Compositions of the present invention are preferably 
formulated for intravenous administration. 

0203 Pharmaceutical compositions of the present, inven 
tion may be administered in a manner appropriate to the 
disease to be treated (or prevented). The quantity and fre 
quency of administration will be determined by such factors 
as the condition of the patient, and the type and severity of the 
patient’s disease, although appropriate dosages may be deter 
mined by clinical trials. 
0204 When “an immunologically effective amount”, “an 
anti-tumor effective amount”, “an tumor-inhibiting effective 
amount', or “therapeutic amount' is indicated, the precise 
amount of the compositions of the present invention to be 
administered can be determined by a physician with consid 
eration of individual differences in age, weight, tumor size, 
extent of infection or metastasis, and condition of the patient 
(Subject). It can generally be stated that a pharmaceutical 
composition comprising the T cells described herein may be 
administered at a dosage of 10 to 10 cells/kg body weight, 
preferably 10 to 10° cells/kg body weight, including all inte 
ger values within those ranges. T cell compositions may also 
be administered multiple times at these dosages. The cells can 
be administered by using infusion techniques that are 
connnonly known in immunotherapy (see, e.g. Rosenberg et 
al., New Eng.J. of Med. 319:1676, 1988). The optimaldosage 
and treatinent regime for a particular patient can readily be 
determined by one skilled in the art of medicine by monitor 
ing the patient for signs of disease and adjusting the treatment 
accordingly. 
0205. In certain embodiments, it may be desired to admin 
ister activated T cells to a subject and then Subsequently 
redraw blood (or have an apheresis performed), activate T 
cells therefrom according to the present invention, and rein 
fuse the patient with these activated and expanded T cells. 
This process can be carried out multiple times every few 
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weeks. In certain embodiments, T cells can be activated from 
blood draws of from 10 cc to 400 cc. In certain embodiments, 
T cells are activated from blood draws of 20 cc, 30 cc, 40 cc, 
50 cc, 60 cc, 70 cc, 80cc, 90 cc, or 100 cc. Not to be bound by 
theory, using this multiple blood draw/multiple reinfusion 
protocol, may select out certain populations of T cells. 
0206. The administration of the subject compositions may 
be carried out in any convenient manner, including by aerosol 
inhalation, injection, ingestion, transfusion, implantation or 
transplantation. The compositions described herein may be 
administered to a patient transarterially, Subcutaneously, 
intradermally, intratumorally, intranodally, intramedullary, 
intramuscularly, by intravenous (i.v.) injection, or intraperi 
toneally. In one embodiment, the T cell compositions of the 
present invention are administered to a patient by intradermal 
or subcutaneous injection. In another embodiment, the T cell 
compositions of the present invention are preferably admin 
istered by i.v. injection. The compositions of T cells may be 
injected directly into a tumor, lymph node, or site of infection. 
0207. In certain embodiments of the present invention, 
cells activated and expanded using the methods described 
herein, or other methods known in the art where T cells are 
expanded to therapeutic levels, are administered to a patient 
in conjunction with (e.g., before, simultaneously or follow 
ing) any number of relevant treatment modalities, including 
but not limited to treatment with agents such as antiviral 
therapy, cidofovir and interleukin-2, Cytarabine (also known 
as ARA-C) or natalizumab treatment for MS patients or efali 
Zumab treatment for psoriasis patients or other treatments for 
PML patients. In further embodiments, the T cells of the 
invention may be used in combination with chemotherapy, 
radiation, immunosuppressive agents, such as cyclosporin, 
azathioprine, methotrexate, mycophenolate, and FK506, 
antibodies, or other immunoablative agents such as CAM 
PATH, anti-CD3 antibodies or other antibody therapies, 
cytoxin, fludaribine, cyclosporin. FK506, rapamycin, myco 
phenolic acid, steroids. FR901228, cytokines, and irradia 
tion. These drugs inhibit either the calcium dependent phos 
phatase calcineurin (cyclosporine and FK506) or inhibit the 
p7OS6 kinase that is important for growth factor induced 
signaling (rapamycin). (Liu et al., Cell 66:807-815, 1991: 
Henderson et al., Immun. 73:316-321, 1991; Bierer et al., 
Curr. Opin. Immun. 5:763-773, 1993). In a further embodi 
ment, the cell compositions of the present invention are 
administered to a patient in conjunction with (e.g., before, 
simultaneously or following) bone marrow transplantation, T 
cell ablative therapy using either chemotherapy agents such 
as, fludarabine, external-beam radiation therapy (XRT), 
cyclophosphamide, or antibodies such as OKT3 or CAM 
PATH. In another embodiment, the cell compositions of the 
present invention are administered following B-cell ablative 
therapy Such as agents that react with CD20, e.g., Rituxan. 
For example, in one embodiment, Subjects may undergo stan 
dard treatment with high dose chemotherapy followed by 
peripheral bloodstein cell transplantation. In certain embodi 
ments, following the transplant, Subjects receive an infusion 
of the expanded immune cells of the present invention. In an 
additional embodiment, expanded cells are administered 
before or following Surgery. 
0208. The dosage of the above treatments to be adminis 
tered to a patient will vary with the precise nature of the 
condition being treated and the recipient of the treatment. The 
Scaling of dosages for human administration can be per 
formed according to art-accepted practices. The dose for 
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CAMPATH, for example, will generally be in the range I to 
about 100 mg for an adult patient, usually administered daily 
for a period between 1 and 30 days. The preferred daily dose 
is 1 to 10 mg per day although in some instances larger doses 
of up to 40 mg per day may be used (described in U.S. Pat. No. 
6,120,766). 

Diagnostic Method 
0209. In another aspect, the present invention provides a 
method of diagnosing a disease Such as cancer by detecting 
GPC3 protein in a test sample with the use of the antibody of 
the present invention. 
0210. The detection used herein includes quantitative 
detection and non-quantitative detection. The non-quantita 
tive detection include, for example, determination of merely 
whether or not GPC3 protein is present, determination of 
whether or not a specific amount or more of GPC3 protein is 
present, determination for comparison of the amount of 
GPC3 protein with that of another sample (e.g., a control 
sample). The quantitative detection includes determination of 
the concentration of GPC3 protein, determination of the 
amount of GPC3 protein. 
0211. The test sample is not particularly limited as long as 

it is a sample that may contain GPC3 protein, however, pre 
ferred is a sample collected from the body of a living organ 
ism such as a mammal, and more preferred is a sample col 
lected from human. Specific examples of the test sample may 
include, for example, blood, interstitial fluid, plasma, 
extravascular fluid, cerebral fluid, joint fluid, pleural fluid, 
serum, lymph fluid, saliva, preferably blood, serum and 
plasma. In addition, a sample obtained from the test sample 
such as culture solution of cells collected from the body of the 
living organism is also included in the test sample of the 
present invention. 
0212. The cancer to be diagnosed is not particularly lim 

ited, and specific examples may include liver cancer, pancre 
atic cancer, lung cancer, colon cancer, mammary cancer, 
prostate cancer, leukemia and lymphoma, preferably liver 
cancer. GPC3 to be detected is not particularly limited, and 
may be either full-length GPC3 or a fragment thereof. In the 
case where a fragment of GPC3 is detected, it may be either 
the N-terminal fragment or the C-terminal fragment. 
0213. The method of detecting GPC3 protein contained in 
a test sample is not particularly limited, however, detection is 
preferably performed by an immunological method with the 
use of an anti-GPC3 antibody. Examples of the immunologi 
cal method include, for example, a radioimmunoassay, an 
enzymme immunoassay, a fluorescence immunoassay, alumi 
nescence immunoassay, immunoprecipitation, a turbidimet 
ric immunoassay. Preferred is an enzyme immunoassay, and 
particularly preferred is an enzyme-linked immunosorbent 
assay (ELISA) (e.g., a sandwich ELISA). The above-men 
tioned immunological method such as an ELISA can be car 
ried out by a method known to those skilled in the art. 
0214. A general detection method with the use of an anti 
GPC3 antibody comprises immobilizing an anti-GPC3 anti 
body on a Support, adding a test sample thereto, incubating 
the support to allow the anti-GPC3 antibody and GPC3 pro 
tein to bind to each other, washing the Support, and detecting 
the GPC3 protein binding to the support via the anti-GPC3 
antibody to detect GPC3 protein in a test sample. 
0215. The binding between the anti-GPC3 antibody and 
the GPC3 protein is generally carried out in a buffer. Buffers 
used in the invention include, for example, a phosphate buffer, 
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a Tris buffer. Incubation is carried out under the conditions 
generally employed, for example, at 4°C. to room tempera 
ture for 1 hour to 24 hours. The washing after incubation can 
be carried out by any method as long as it does not inhibit the 
binding between the GPC3 protein and the anti-GPC3 anti 
body, using for example a buffer containing a Surfactant Such 
as Tween 20. 

0216. In the method of detecting GPC3 protein of the 
present invention, a control sample may be provided in addi 
tion to a test sample to be tested for GPC3 protein. The control 
samples include a negative control sample that does not con 
tain GPC3 protein and a positive control sample that contains 
GPC3 protein. In this case, it is possible to detect GPC3 
protein in the test sample by comparing the result obtained 
with the negative control sample that does not contain GPC3 
protein with the result obtained with the positive control 
sample that contains GPC3 protein. It is also possible to 
quantitatively detect GPC3 protein contained in the test 
sample by obtaining the detection results of the control 
samples and the test sample as numerical values, and com 
paring these numerical values. 
0217. One preferred embodiment of detecting GPC3 pro 
tein binding to the support via an anti-GPC3 antibody is a 
method using an anti-GPC3 antibody labeled with a detect 
able label. For example. GPC3 protein may be detected by 
contacting the test sample with an anti-GPC3 antibody immo 
bilized on the Support, washing the Support, and then detect 
ing GPC3 with the use of the labeled antibody that specifi 
cally binds to GPC3 protein. 
0218. The labeling of an anti-GPC3 antibody can be car 
ried out by a generally known method. Examples of the 
detectable label known to those skilled in the art include a 
fluorescent dye, an enzyme, a coenzyme, a chemiluminescent 
Substance or a radioactive Substance. Specific examples may 
include radioisotopes ('P, ''C, 'I, H, 'I and the like), 
fluorescein, rhodamine, dansyl chloride, umbelliferone, 
luciferase, peroxidase, alkaline phosphatase, beta-galactosi 
dase, beta-glucosidase, horseradish peroxidase, glucoamy 
lase, lysozyme, Saccharide oxidase, microperoxidase., biotin 
and the like. In the case where biotin is used as a detectable 
label, it is preferred that a biotin-labeled antibody is added, 
and then avidin conjugated to an enzyme such as alkaline 
phosphatase is further added. 
0219. Specifically, a solution containing an anti-GPC3 
antibody is added to a Support Such as a plate to allow the 
anti-GPC3 antibody to be immobilized. After washing, the 
plate is blocked with, for example. BSA in order to prevent 
the nonspecific binding of a protein. The plate is washed 
again, and then the test sample is added to the plate. After 
being incubated, the plate is washed, and then the labeled 
anti-GPC3 antibody is added. After being incubated appro 
priately, the plate is washed, and then the labeled anti-GPC3 
antibody remaining on the plate is detected. The detection of 
the protein can be carried out by a method known to those 
skilled in the art. For example, in the case where the antibody 
is labeled with a radioactive substance, the protein may be 
detected by liquid scintillation or the RIA method. In the case 
where the antibody is labeled with an enzyme, the protein 
may be detected by adding a Substrate and detecting an enzy 
matic change of the Substrate Such as color development with 
an absorbance reader. In the case where the antibody is 
labeled with a fluorescent substance, the protein may be 
detected with the use of a fluorometer. 
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0220 A particularly preferred embodiment of the method 
of detecting GPC3 protein of the present invention is a 
method using an anti-GPC3 antibody labeled with biotin and 
avidin. Specifically, a solution containing an anti-GPC3 anti 
body is added to a Support such as a plate to allow the anti 
GPC3 antibody to be immobilized thereon. After washing, 
the plate is blocked with for example, BSA in order to prevent 
the nonspecific binding of a protein. The plate is washed 
again, and then the test sample is added to the plate. After 
being incubated, the plate is washed, and then the biotin 
labeled anti-GPC3 antibody is added. After being incubated 
appropriately, the plate is washed, and then avidin conjugated 
to an enzyme Such as alkaline phosphatase or peroxidase is 
added. After being incubated, the plate is washed, and then a 
Substrate of the enzyme conjugated to avidin is added. Then, 
GPC3 protein is detected by means of the enzymatic change 
of the Substrate as an indicator. 

0221) Another embodiment of the method of detecting 
GPC3 protein of the present invention is a method using a 
primary antibody that specifically binds to GPC3 protein and 
a secondary antibody that specifically binds to the primary 
antibody. For example, the test sample is brought into contact 
with an anti-GPC3 antibody immobilized on the support, the 
support is incubated and washed, and the bound GPC3 pro 
tein after washing is detected with a primary anti-GPC3 anti 
body and a secondary antibody that specifically binds to the 
primary antibody. In this case, the secondary antibody is 
preferably labeled with a detectable label. 
0222 Specifically, a solution containing an anti-GPC3 
antibody is added to a Support Such as a plate to allow the 
anti-GPC3 antibody to be immobilized thereon. After wash 
ing, the plate is blocked with, for example. BSA in order to 
prevent the nonspecific binding of a protein. The plate is 
washed again, and then the test sample is added to the plate. 
After being incubated, the plate is washed, and then a primary 
anti-GPC3 antibody is added. After being incubated appro 
priately, the plate is washed, and then a secondary antibody 
that specifically binds to the primary antibody is added. After 
being incubated appropriately, the plate is washed, and then 
the secondary antibody remaining on the plate is detected. 
The detection of the secondary antibody can be carried out by 
the above-mentioned method. 

EXPERIMENTAL, EXAMPLES 

0223) The invention is further described in detail by refer 
ence to the following experimental examples. These 
examples are provided for purposes of illustration only, and 
are not intended to be limiting unless otherwise specified. 
Thus, the invention should in no way be construed as being 
limited to the following examples, but rather, should be con 
Strued to encompass any and all variations which become 
evident as a result of the teaching provided herein. 
0224 Without further description, it is believed that one of 
ordinary skill in the art can, using the preceding description 
and the following illustrative examples, make and utilize the 
compounds of the present invention and practice the claimed 
methods. The following working examples therefore, specifi 
cally point out the preferred embodiments of the present 
invention, and are not to be construed as limiting in any way 
the remainder of the disclosure. 
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Example 1 

Glypican-3-Specific scFv Isolation and Validation 
for Use in Hepatocellular Carcinoma 

0225. The following experiments were designed to 
develop and validate GPC3-specific T bodies. The high 
throughput methodology used in these experiments identified 
human-derived scFvs with ECs ranging from 5.0-110.9 nM 
that bound specifically to glypican-3-expressing cell lines 
and whose binding was significantly reduced by shRNA 
knockdown of glypican-3. These scFVs are optimal for devel 
opment for diagnostic and in vivo therapeutic applications. 
0226 Briefly, two different biotinylated antigen targets, a 
synthesized 29mer fragment GPC3ssoss and a truncated 
GPC3ssas fused with GST, was used to Screen a yeast 
display library which was enriched to greater than 30% tar 
get-specific yeast with both positive selection and depletion 
of streptavidin- and GST-specific clones. After cloning iden 
tified schv cDNA from the enriched sublibrary, scFv speci 
ficity was validated by ELLSA for binding to recombinant 
protein from prokaryotic and eurkaryotic Sources and ulti 
mately naturally-presented human protein on the cell mem 
brane of human hepatocellular cell lines. Specificity was con 
firmed using nonexpressing cell lines and shRNA 
knockdown. Ultimately, five unique sclfv with affinity ECso 
ranging from 5.0-110.9 nM were identified. These results 
demonstrate characterization of five novel and unique Sclvs 
for potential humoral or chimeric therapeutic development in 
human hepatocellular carcinoma. 
0227. The materials and methods employed in these 
experiments are now described. 

Materials and Methods 

0228 Cell Lines and Media 
0229 Cell lines of 293T (ATCC, Manassas Va.). HepG2 
(ATCC), Hep3B (obtained from the Penn Center for Molecu 
lar Studies in Digestive and Liver Disease) and GP2-293 cells 
(Clontech, Mountain View, Calif.) were maintained in Dul 
becco's modified essential medium DMEM (Invitrogen. 
Carlsbad. CA) with 10% fetal bovine serum (FBS. Sigma. St. 
Louis Mo.). HepG2.tdTomato were generated via stable 
transfection of parental HepG2 with lentivirus-harboring 
tdTomato Red and purified by flow cytometry. 293T.GPC3 
were generated by cloning full-length human GPC3 cDNA 
(NM 004484) into pI)isplay (Invitrogen) Xmal and SacII 
sites using the following forward (5' CCCGGGGCCACCT 
GTCACCAAGTCCG 3'SEQID NO: 62) and reverse primer 
(5' CCGCGGGGCTGCACCAGGAAGAAGAAGCAC 3' 
SEQID NO: 63). 
0230 Inducible Expression and Purification of Truncated 
hGPC3 Protein 
0231. The full-length cDNA of human glypican-3 (NM 
0004484) was amplified from a human cINA library using 
the following forward primers (5' ATGGCCGGGAC CGT 
GCGCACC 3') (SEQ ID NO: 1) and revere primer (5' 
TCAGTGCACCAGGAA GAAGAAGCA3) (SEQID NO: 
2). A 594 bp DNA fragment corresponding to the region of 
int1277-1871, which translates a truncated fragment of 
hCPC3 (aa 368-548) between the CRD cleavage site and 
putative transmembrane domain, was cloned into the 
prokaryotic expression vector pGEX-4T using Sail and 
EcoRI restriction sites (forward primer: 5'CCG GAA TIC 
GACAAGAAA GTATTAAAA GTT GCT CA 3' (SEQID 
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NO: 3) and reverse primer: 5' ACG CGT CGA CGG TGC 
TTATCTCGTTGT CCTTC-3) (SEQID NO:4) to generate 
a plasmid encoding a truncated hCGPC3-GST recombinant 
fusion protein under the control of an IPTG-inducible tac 
promoter. The plasmid was transformed into E. coli BL21 
CodonPlus (DE3)-RIPL (Stratagene, Santa Clara Calif.), 
grown in fresh 2YT medium, and induced by 1 mM IPTG at 
25°C. for 6 hours. Bacterial cells were collected by centrifu 
gation and lysed by Sonication in presence of 1% Sarkosyland 
2% Triton X-100. The lysate was incubated with Glutathione 
Sepharose 4B heads (GE healthcare. Piscataway N.J.) at 4°C. 
for 4 hours, washed, and then eluted 50 mM Tris-HCl buffer 
(pH 7.4) containing 20 mM reduced glutathione. The recov 
ery of the GST and GPC3-GST fusion protein was monitored 
by Coomassie Blue staining. The trhGPC3-GST. GST, and a 
commercially custom synthesized 29mer GPC3 peptide (aa 
530-558, Proimmune Oxford UK) were biotinylated using 
NHS Biotinylation kit (Pierce, Rockford Ill.). 
0232 Selection of hCGPC3-Reactive sclvs by Screening 
Paired Yeast-Display/Secretory scFv Library 
0233. The paired yeast-display/secretory schv library has 
previously been described (Zhao, et al., 2011, J Immunol 
Methods 363:221-232; Scholler, et al., 2006, J Immunol 
Methods 317, 132-143), and was screened using existing 
methodology with minor modifications. Briefly the yeast dis 
play library was grown in SD-CAA (2% raffinose, 0.67% 
yeast nitrogen base, and 0.5% casamino acids) at 30°C. to an 
A600 of -5. Surface sclv expression was induced by re 
inoculating yeast at an A600 of 0.5 in SGRD-CAA (SD 
CAA+2% galactose) and grown at 20° C. for 16-36 h. Sclv 
expression by yeast was confirmed by flow cytometry using 
anti-c-myc mouse mab (9E10, Santa Cruz, biotechnology) 
and goat anti-mouse Fab Alexa Fluor 488 (AF488, Invitro 
gen, Carlsbad Calif.). Two rounds of magnetic bead-based 
selection were performed as follows: 1x10 induced yeast 
cells in 500ulPBE buffer (PBS+0.5% EDTA) were incubated 
with biotinylated 29mer GPC3 peptide (100 nM) or biotiny 
lated rhGPC3-GST (100 ng/ml) at 25° C. for 30 min then on 
ice for 10 min. The rhGPC3-reactive scEv were enriched by 
magnetically sorting over an LS column (Miltenyi Biotec, 
Auburn, Calif.). When screening with rhGPC3-GST protein, 
GST-reactive yeast were depleted over an LS column after 
incubation of induced yeast with biotinylated GST and 
streptavidin microbeads. Three rounds of flow cytometry 
based sorting were performed with gradually decreasing con 
centration of target antigen as follows: yeast cells were 
stained with mouse anti-c-myc mAb (1:200), anti-mouse 
IgG1 AF488, biotinylated antigen (rhGPC3 protein at 40 
ng/ml in 1 round, 20 ng/ml in 2" round, and 10 ng/ml in 3" 
round), and either streptavidin-PE (1 and 2" round. Invitro 
gen) or neutravidin-PE (3" round, Invitrogen). AF488+ and 
PE+ double positive yeast were selected and recovered in 96 
well plates containing SD-CAA. 
0234 High Throughout Purification of Secreted scFvs 
0235 schv cDNA were extracted from the enriched yeast 
population after the 3" round of flow sorting, amplified by 
PCR (forward primer 5'-GGTTCTGGTGGTGGAG 
GTTCTGGTGGTGGTGGATCTG-3(SEQ ID NO. 5): 
eVeSe 5'-GAGACCGAGGAGAGGGTTAGGGATAG 
GCTTACCGT CGACCAAGTCTTCTTCA 
GAATAAGCTT-3' (SEQ ID NO: 6)), purified using MiniE 
lute kit (Qiagen. Valencia Calif.), and then cotransformed 
with 100 ng of linearized p416-BCCR vector into YVH 10 
cells. Transformed yeast were plated on Trp--SD-CAA 
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dishes, from which approximately six hundred colonies were 
transferred to growth medium in deep 96-well plates (Fisher 
Scientific) and induced by 2% galactose to secrete sclv for up 
to 72 h. For high throughput purification of scFv, yeast culture 
supernatant (720 ul) with 80 ul 10x equilibration buffer 
(0.05M sodium phosphate and 0.3M sodium chloride, pH 
8.0) was transferred into a new clean deep 96-well plate and 
incubated with HIS-Select-Nickle Affinity Gel (10 ul) for 1 h 
at 4° C. All supernatant were then transferred to pre-wet 
Multi-screen-HV filterplates (Millipore, Billerica Mass.)and 
drained with a vacuum manifold. After washing, scFv were 
eluted using 50 mM sodium phosphate pH 8.0, 0.3M sodium 
chlorate and 250 mMimidazole and vacuum transferred into 
polypropylene 96 well plates. 
0236 ELISA and Measurement sclv Affinity by ELISA 
0237 For measurement of scFv affinity, Nunc Maxisorb 
plates were pre-coated with hCGPC3-GST protein at the indi 
cated concentration in carbonate-bicarbonate buffer over 
night at 4° C. After three washing steps with PBS/0.1% 
Tween-20 (PBST), 300 ul per well of blocking solution (2% 
milk in PBS pH 7) was added for 2 hat room temperature then 
washed three tinmes with PBST. Candidate sclv starting at 
100 ug/ml were added with serial dilutions, incubated for Ihat 
room temperature followed by three washing steps with 
PBST, scFv binding was detected by adding anti-V5 HRP 
(Invitrmgen), washing x4 with PBST, washing x1 with PBS, 
then adding 50 ul/well of TMB peroxidase substrate (KPL, 
Gaithersburg Md.) plus peroxidase substrate solution B at 1:1 
ratio, then the reaction was stopped using 50 ul of 0.5M 
HSOOD450 was measured using a BioRad680 microplate 
reader. For determination of functional affinity, half maximal 
binding concentration (EC50) was calculated with non-linear 
regression curve fit algorithm using the Software program 
PRISM (GraphPad Software, San Diego, Calif.), rhGPC3 
expressed in a murine myeloma cell line which was commer 
cially obtained from R&D Systems (Minneapolis Minn.). 
0238 Flow Cytometrv 
0239 Detection of scv binding to cell lines was detected 
with anti-V5 mAb (AbD Senrec, Raleigh. NC). Anti-hGPC3 
mAb (1G12, Biomosaics Inc., Burlington. VT) was used as a 
positive control. schvs were premixed with anti-V5 APC 
mAb (AbD Serotec) at a molar ratio of 1:1 for 30 min at RT. 
schv-anti-V5 complexes were then incubated with target cell 
lines for 30 min at 37° C. Cells were then acquired on a 
FACSCanto (Becton Dickinson, San Jose Calif.) and ana 
lyzed using FlowJo (Treestar. Ashland, Oreg.). 
0240 Confocal Immunofluorescence 
0241 Target cell lines cultured on 0.2 um coverslips 
(Nunc, Rochester, N.Y.) were fixed and stained with the indi 
cated ScFv-V5 APC complex. Image acquisition was per 
formed on a FluoView 10 confocal laser microscope (Olym 
pus). 
0242 Western and Dot Blot 
0243 Cell lysates were separated by SDS-PAGE gel and 
transferred to polyvinylidene difluoride membrances 
(PVDF). In a dot blot procedure, purified protein (10 ng) was 
spotted on PVDF membrane. Membranes were blotted with 
primary Abs followed by incubation with infrared dye IR680 
labeled secondary antibodies and quantified using LI-COR 
Odyssey software. 
0244 Glypican-3 Knockdown 
0245 hCPC3-specific short hairpin RNAs (shRNAs) 
were prepared in the pSIREN-retroQ-ZsGreen retroviral vec 
torusing BD knockout RNAi systems according to the manu 
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facturers instruction (Clontech). Three pairs of 21 nt oligo 
nucleotides, named sh;56, sh57, and sh58 as well as a Lacz 
(negative control), were predicted according to Ambion 
Silencer Select software, annealed and subcloned into pSI 
REN-retroQ-Z Green at the BamHI and EcoRI sites. The 
RNA targeting sequence of these three shRNAs am (sh;56: 
5'-GCCAAATTATTCTCC TATGTT-3' (SEQ ID NO: 7); 
sh57: 5'-GCCAATATAGA TCTGCTTATT-3' (SEQ ID NO: 
8); sh58: 5'-GCTCAAGAAAGATGGAAGAAA-3' (SEQID 
NO:9)). For testing hairpin silencing, myc-tagged hCPC3 
368-551) was cloned into the Display plasmid. Plasmids 
expressing shRNA and hCPC3.myc plasmids were co-trans 
fected into HEK 293 cells (3:1 ratio, hairpin to target), and 
cells were lysed after 48 h. hCGPC3-myc levels were quantified 
by Western blot using anti-c-myc mAb. Pseudotyped retrovi 
rus encoding shRNA were then produced. Briefly, GP2-293 
cells were seeded in 10 cm cell culture dishes 12 h prior to 
transfection. At 50% density, cells were transfected with 10 
ug pSIREN-shRNA plasmid and 5ugpVSV-G (Clontech) for 
pseudotyping using the calcium phosphate transfection 
method. On day 2 and day 3 after transfection, media con 
taining retroviral particles were collected. Particles were con 
centrated 100-fold by ultracentrifugation. To infect cells, 10 
ul of concentrated virus stock were added into 1x10 HepG2 
cells in presence of polybrene (4 ug/ml). Transduced cells 
were isolated by FACS sorting of eGFP+ cells and maintained 
as stable cell lines. 

0246 MTT (3-4,5-dimethylthiazol-2-yl)-2,5-diphenyltet 
razolium bromide) assay 
0247 A standard MTT assay using the CellTiter 96(R) 
Non-Radioactive Cell Proliferation Assay (Promega Corpo 
ration, Madison Wis.) according to manufacturers instruc 
tions was performed. HepG2 and HepG2.sh;57 cells were 
plated at a density of 5x10 cells/well in triplicate in a 96-well 
plate and incubated for 2-4 days as indicated. Optical density 
was measured at 570 nm. Trypisinized cells were manually 
counted by hematocytorneter in validation experiments. 
0248 
Preparation of Target Antigen for Screening of hCGPC3-Spe 
cific scEv 

0249. Two target antigens were developed for schv isola 
tion. First, a 29mer peptide hCPC3soss was chosen and 
commercially synthesized in biotinylated and non-biotiny 
lated formats to develop schvs specific for the region between 
two C-terminal GAG modification sites and the hydrophobic 
putative GPI-linkage domain predicted by an online algo 
rithm (http://tools. immuneepitope.org) as depicted in FIG. 1. 
Second, a truncated hCPC3ssas-GST fusion protein span 
ning a larger region of the C-terminus of the protein was 
expressed and purified as depicted in FIG. 1. Purity of the 
expressed fusion protein was further confirmed by Western 
blot with the 1G12 mAb as depicted in FIG. 1C. Both the 
29mer hCPC3sos ss and hCPC3ssas-GST were biotiny 
lated for yeast library Screening. 

The results of the experiments are now described. 

(0250) Isolation of hCGPC3-Reactive scEV-Displaying 
Yeast 

0251. The yeast library was subjected to two rounds of 
magnetic-sorting using biotinylated hCPC3ssosss or three 
rounds of magnetic-sorting using biotinylated hCPC3s-ss 
GST to enrich hCGPC3-specific scFV-expressing yeast. The 
third magnetic Son of hCPC3ssas-GST was a depletion sort 
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to eliminate GST-specific scFV-expressing yeast using bioti 
nylated GST. The enriched sub-library was then further 
enriched for hGPC3-specific schv-expressing yeast with 
three rounds of flow sorting selecting for yeast expressing 
ScFV-c-myc and biotinylated antigen at progressively 
decreasing concentration as depicted in FIG. 2A. Streptavi 
din-PE was used to identify sclv specific for biotinylated 
target in the first two rounds. Neutravidin-PE was utilized in 
the third round to eliminate selection of streptavidin-specific 
schv-expressing yeast (-9% of yeast after MACS and two 
rounds of FACS sorting). This strategy yielded a marked 
enrichment of hCGPC3-reactive yeast to approximately 30% 
of the population as depicted in FIG. 2B. 
(0252) Selection of hCGPC3-Specific scFv by ELISA 
0253) The majority of yeast clones obtained after trans 
duction of sclv clNA cloned into a secretory plasmid pro 
duced schvat detectable quantities in supernatant (FIG. 3A). 
Approximately 3K) transformed yeast colonies were subcul 
tured for high-throughput Ni-purification of supernatant. The 
300 scFv candidates were then assessed for binding to 
rhGPC3 by ELISA as depicted in FIG.3B. In order to elimi 
nate GST-reactive scEv, each scFv candidate was tested in 
parallel forbinding to both GST and rhGPC3-GST. Thirty-six 
scEv candidates with ODhGPC3-GST/ODGST ratios greater 
than 1.5 were selected for further screening as depicted in 
FIG. 3B. Binding to full-length glycosylated recombinant 
hGPC3 protein expressed in a murine myeloma cell line was 
assessed by ELSA as depicted in FIG. 3C. Thirteen candi 
dates with OD/OD ratio greater than 2 were identi 
fied. 

nedia 

Biological Characterization of the scFv Candidates 
0254 Among these thirteen schv candidates, eight yeast 
colonies with varying ELISA affinity were chosen for further 
validation. Soluble scFv were purified from the supernatant 
by anti-HIS chromatography resulting in 0.1-0.5 mg soluble 
antibody/liter culture. Using a dot blot analysis, all sclv 
recognized rhGPC3 protein with no cross-reactivity with 
GST protein as depicted in FIG. 4A, confirming ELISA find 
ings. Nucleotide sequencing of these thirteen ScFv yeast colo 
nies revealed five unique sequences, for which 2E10, 3E11, 
3D8, 4G5, and 2G9 represented one of each clone (Table 2). 
The analysis of the predicted amino acid sequence by aligm 
nent of scFv heavy and light chain variable region sequence to 
a database of human immunoglobulingermline sequences (V 
base directory of human V gene sequences) using IgELAST 
(http://www.ncbi.nim.nih.gov/igblast?) was applied to estab 
lish VH and VL gene utilization and heavy-chain CDR com 
position of the schv antibodies as shown in Table 1. The VH 
domains in scFv 2G9, 4G5 and 2E10 are VHIV, while 3E11 
and 3D8 are VHIII. For VL domain, 3E11 is LVIkVII, 4G5 is 
KV3; and the remaining are KV2. The binding affinity for 
rhGPC3 was established by ELISA at two concentrations of 
rhGPC3 protein and repeated, with affinity determined by 
calculation of half maximal binding concentration (EC50) 
using a non-linear regression curve-fit algorithm. The EC50 
value of sclv ranged from 3 nM to 105 nM. For scFv 3E11, 
the comparable affinities were measured to be 14 nM at the 
concentration of 1 lug/ml and 11 nM at the concentration of 
0.5ug/ml rhGPC3 protein as shown in FIGS. 48 and 4C. 
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Sequence analysis of anti-GPC3 scFV 

Sub- Number 
type of 

scFWs heavy CDR1 CDR2 CDR3 nucleotide 
clone chain (SEQ ID NO: ) (SEQ ID NO : ) (SEQ ID NO: ) difference 

WH: 

3E11 HW3 SYGLH AISYDGSKKYYAD GWFWEPLS 13 

(22) SVKG (23) (24) 

2G9 HW4 SSSYYWA NIYYSGSTYYNPSL FPLIRGYRYR 6 

(25) KS (26) YDEY (27) 

4G5 HW4 SGYYWG RIYYGGSTHYNPS DRNYOSLSGY 16 
(28) LOS (29) CLDY (3 O) 

3D8 HW3 SYAMS AISGSGTSTYYADS HKSFGWOWL 26 
(31) WKG (32) (33) 

2E10 HW4 SSSYYWG SIYYSGSTYYNPSL HDGHRYGTY 15 

(34) KS (35) YGLDV (36) 
WL: 

3E11 W1 SGSSSINIGSNTWN SNNORPS GWFWEPLS 4. 
(37) (38) (39) 

2G9 KW2 RSSQSLLHRDGYHYLN LGSNRAS MOAPOTPR 9 
(40) (41) T (42) 

4G5 KV3 RASOSWSSHIA GASTRAT OQYNKWP 11 
(43) (44) P (45) 

3D8 KW2 WSSOSLWYGDGNTYLN KWSNRDS MOGTHWP 4. 
(4 6) (47) PG (48) 

2E10 KW2 SSOSLVYSDGNTYLN KWSNRDS MOGTHWP 1O 
(49) (5O) P (51) 

0255 Amino acid sequences of the VH and VL antigen TABLE 2-continued 
binding regions of the scFv were analyzed by alignment of a 
database of immunoglobulin germline sequence. The 
complementary determining regions (CDRS) are provided. 
The number of nucleotide differences from germline data 
base is also tabulated. 

TABLE 2 

Sequence identifiers for anti-GPC3 scrV. 

SEQID NO: # IDENTITY 

SEQID NO: 12 3E11; heavy chain (amino acid) 
SEQID NO: 13 2G9; heavy chain (amino acid) 
SEQID NO: 14 4G5; heavy chain (amino acid) 
SEOID NO: 15 3D8; heavy chain (amino acid) 
SEQID NO: 16 2E10; heavy chain (amino acid) 
SEQID NO: 17 3E11; light chain (amino acid) 
SEQID NO: 18 2G9; light chain (amino acid) 
SEQID NO: 19 4G5; light chain (amino acid) 
SEQID NO: 20 3D8: light chain (amino acid) 
SEQID NO: 21 2E10; light chain (amino acid) 
SEQID NO: 22-51 CDR1, CDR2, CDR3 of anti-GPC3 scFv 
SEQID NO: 52 3E11; heavy chain (nucleotide) 
SEQID NO:53 2G9; heavy chain (nucleotide) 
SEQID NO:54 4G5; heavy chain (nucleotide) 
SEQID NO:55 3D8; heavy chain (nucleotide) 
SEQID NO: 56 2E10; heavy chain (nucleotide) 
SEQID NO: 57 3E11; light chain (nucleotide) 
SEQID NO:58 2G9; light chain (nucleotide) 
SEOID NO: 59 4G5; light chain (nucleotide) 

Sequence identifiers for anti-GPC3 scrV. 

SEQID NO: # IDENTITY 

SEQID NO: 60 3D8: light chain (nucleotide) 
SEQID NO: 61 2E10; light chain (nucleotide) 

scEv Binding to Native hCPC3 Protein Specifically on 
Human Cell Surface on Glypican-3-Expressing Cell Lines 
0256 The next experiments were performed to test scFv 
binding to naturally-expressed surface hCPC3. Sclvs includ 
ing 3E11, 2G9 and 3D8 were complexed with anti-V5 APC 
and incubated with HepG2 (glypican-3+). 293T (glypican-3- 
negative) or Hs578T (glypican-3-negative) cell lines, which 
were then washed and assessed by flow cytometry. As shown 
in FIG.51, all three scFVs exhibited a range of binding affinity 
to endogenous surface-expressed hCPC3 on HepG2, while 
no binding was found on 293T or Hsis78T cells. Binding was 
also confirmed by immunofluorescence microscopy as 
depicted in FIG. 5C using HepG2.tdTomato and 
Hs578LtdTomato cells. The transduction oftdTomato protein 
did not alter GPC3 expression in HepG2 cells. ScFv-3E11, 
2G9 and 3D8 showed intense membrane immunofluores 
cence staining with a significant fraction of viable HepG2. 
tdTomato cells. All these data suggests that these three schvs 
can specifically recognize naturally expressed hCPC3 protein 
and absence of cross-reactivity to other Surface proteogly 
CaS. 
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Validation of scFvs Specificities in RNAi-Based Cell Bind 
1ng 
0257 To further confirm the specificity for scFv binding to 
hCPC3, GPC3-shRNA transduced HepG2 cells were used. 
Silencing was confirmed by co-expressing a plasmid encod 
ing myc-tagged hCPC3(AA368-551) with three shRNA can 
didate vectors in 293T cells. sh;57 showed the best silencing 
efficiency, reducing hCPC3 protein levels up to 80% com 
pared to the scrambled control as depicted in FIG. 6A. sh;57 
was then retrovirally transduced into HepG2 cells in a GFP 
expressing vector to generate HepG2.sh;57 stable cell line. 
HepG2.sh;57 markedly reduced surface glypican-3 expres 
sion by approximately 75% reduction of MF1 when detected 
with 1G12 as depicted in FIG. 6B and FIG. 6C. scFvs includ 
ing 3E 11, 2G9, 3D8, 2E10 and 4G5 were incubated with 
HepG2 and HepG2.sh;57 cells, respectively, and detected by 
APC-labeled anti-V5 mAb. As shown in FIG. 6D, significant 
reduction of binding between HepG2 and HepG2.sh57 cells 
was observed with scEv-3E11, 2C9 and 3D8, while the stain 
ing with schv-2E10 and 4G5 had no detectable differences. 
These findings were confirmed by immunofluororescence 
staining in which a 1:1 mixture of HepG2 and HepG2.sh;57 
cells were stained with schv as depicted in FIG. 6E. Cell 
membrane staining by SchvS was profoundly reduced in 
HepG2.sh;57 relative to wild-type HepG2 cells. 
Glypican-3-Specific scFv are not Cytostatic 
0258 To determine if scFv binding to membrane-associ 
ated glypican-3 alters cellular proliferation, a standard MTT 
assay was performed after validation of the accuracy of MTT 
to measure proliferation of HepG2 cells. It was observed that 
no positive or negative impact on proliferation of the glypi 
can-3-expressing HepG2 cell line was detected with any schv 
at high concentration (1 ug/ml) (FIG. 7). 
Validation of Glypican-3-Specific scFv Isolated from Paired 
Display/Secretory Yeast Display Library 
0259. Therapeutic options for hepatocellular carcinoma 
(HCC) remain limited particularly inadvanced stages. Immu 
notherapy with NK- or T-cell augmenting therapies to date 
has yielded some early promising results (Korangy et al., 
2010 Expert Rev. Gastroenterol Hepatol 4(3): 345-353; 
Greten et al. 2010 BMC Cancer 10: 209; Palmer et al., 2009 
Hepatology 49(1): 124-132: Barkholt et al., 2009 Immuno 
therapy 1(5): 753-764) but the low affinity of endogenous 
tumor specific T-cell receptors and the immunosuppressive 
milieu of the tumor microenvironment represent barriers to 
effectively harnessing the power of the endogenous immune 
system to control cancer. Yeast-derived schv offer many 
advantageous properties for the development of anti-tumor 
biologics. Sclvare inexpensive to produce, easily modifiable 
e.g. biotinylation (Scholler et al. 2x06 J Immunol Methods 
317(1-2): 132-143), and facile for subsequent cloning in cis 
with diagnostic or effector domains. 
0260) Identification of an appropriate tumor-associated 
antigen is an obviously essential requirement for ScFV devel 
opment. Glypican-3 (GPC3), a heparan-sulfate proteoglycan, 
has recently been identified as a highly specific, membrane 
associated tumor antigen found in 49-100% of HCC (Zhu et 
al., 2001 Gut 48(4): 558-564: Capurro et al., 2003 Gastroen 
terology 125(1): 89-97; Sung et al., 2003 Cancer Sci 94(3): 
259-262; Nakatsura et al., 2003 Biochem Biophy's Res Com 
mun 306(1): 16-25). GPC3 is not expressed (or is expressed 
very focally (Abdul-Alet al., 2008 Hum Pathol 39(2): 209 
212)) in nontumonxmus cirrhotic liver tissue (Baumboer et 
al., 2008 Am J Clin Pathol 129(6): 899-906: Filmus et al., 
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2004 Mol Diagn 8(4): 207-212) and expression of GPC3 in 
other normal tissues appears limited (Baumhoer et al., 2008 
Am J Clin Pathol 129(6): 899-906). GPC3 modulates the 
effect of growth factors such as IGF-2, BMP-7 and FGF-2 on 
hepatoma cells (Midorikawa et al., 2003 IntJ Cancer 103(4): 
45, 5-465; Ziuermann et al., 2010 intJ cancer Jint du cancer 
126(6): 1291-1301) and may recruit M2 tumor-promoting 
macrophages to the HCC microenvironment (Takai et al., 
2009 Cancer Biol Ther 8(24): 2329-2338t. Emerging evi 
dence also suggests that inhibition of glypican-3 function via 
knockdown Rouanet al., 2011 IntJ Mol Med28(4): 497-503; 
Sun et al., 2011 Neoplasia 13(8): 735-747) or competition 
(Zittermann et al., 2010 IntJ cancer Jint du cancer 126(6): 
1291-1301: Feng et al. 2011 Int J cancer J int du cancer 
128(9): 2246-2247) has a profound negative effect on HCC 
pm liferation. Expression on the cell surface makes GPC3 an 
attractive target for antibody-directed therapy. Another group 
has shown that a murine anti-hGPC3 antibody induces anti 
body-dependent cytotoxicity that manifests an anti-tumor 
effect in a Xenograft animal model of hepatocellular carci 
noma (Takai et al., 2009 Cancer Biol Ther 8(10): 930-938): 
this antibody has subsequently been humanized (Nakano et 
al., 2010 Anti-cancer drugs 21 (10): 907-916) and is entering 
human clinical trials. Thus, available evidence Suggests that 
glypican-3 is a rational target for humoral and potentially 
chimeric immunotherapy for HCC. 
0261. In this study, the paired display/secretion yeast sys 
tem was used to isolate five candidate scFv with affinity in the 
range from 5.0-110.9 nM that each demonstrates specificity 
for binding the Surface of glypican-3-expressing cell lines. 
ScFv binding was significantly reduced after specific knock 
down of glypican-3. The paired yeast display/secretion sys 
tem minimizes post-translational and conformational 
changes in the conversion from displayed to soluble Sclvs, a 
property that allows for consistency during the high through 
put screening and validation process (Zhao et al. 2011 J 
Immunol Methods 363(2): 221-232). Sclv specificity to the 
naturally processed glypican-3 protein at physiological con 
ditions was critical given complex post-translational modifi 
cations of glypican-3. Experiments were performed to uti 
lized increasingly physiological Screening criteria to select 
scFv candidates for further evaluation. Dramatic differences 
of ScFv binding between wild-type and glypican-3-knock 
down HepG2 in cell culture conditions confirmed not only the 
specificity of schv binding but also the capacity to bind to 
naturally-processed cell Surface glypican-3 in situ. Without 
wishing to be boundby any particular theory, experiments can 
be performed to validate a chimeric antigen receptor to redi 
rect T-cells against glypican-3-expressing targets using the 
3E11 ScFV. 

0262. Not surprisingly, scFv had no direct positive or 
negative impact on cellular proliferation unlike that demon 
strated by soluble glypican-3 (Zittermann et al., 2010 int J 
cancer 126(6): 1291-1301). The relatively small size of scFv 
(27 kD) makes competitive inhibition of growth factor bind 
ing unlikely. 
0263 Glypican-3 is a rational target in hepatocellular car 
cinoma for antibody-based therapy. The results presented 
herein demonstrate that five unique scFV with affinity ranging 
from 3.0-110.9nM were identified. Each scEv demonstrated 
strong Surface binding to glypican-3-expressing cell lines that 
was attenuated by shRNA knockdown, and did not bind 
glypican-3-nonexpressing cell lines. 
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Example 2 

GPC3-Specific CAR Generation and 
Lentivirally-Transduced Human T Lymphocytes 

0264. The following experiments were performed to vali 
date a chimeric antigen receptor to redirect T-cells against 
glypican-3-expressing targets using the 3E11 schv. 
0265. The materials and methods employed in these 
experiments are now described. 

Materials and Methods 

0266 GPC3-Specific CAR Generation and Lentivirally 
Transduced Human T Lymphocytes 
0267. The cDNA of 3E II scFv was amplified from yeast 
colonies using the primers (forward primer: 5'ggatccGTC 
CAGTCTGTCTGTTTGACG CAGC 3' (SEQ ID NO: 10) 
and reverse primer 5' gctagcTGAGGAGACGGTGACCAG 
TGTTC 3' (SEQ ID NO: 11)), and was inserted into the 
lentiviral vector pELNs/CARs by BamHI and Nhe to gener 
ate lentiviral vector pELNs/3E 11-CARs. See FIG.8. 
0268 Lentiviral Vectors 
0269. 293T cells (5x10) were plated on 10-ckm dish pre 
coated with 0.002% poly-L-lysine (Sigma, St. Louis Mo.). 
The lentiviral vector pELNS/3E11-CARs were co-trans 
fected with the plasmid pMD.G., pMDLg/pRRE, and pRSV 
Rev. After 12 h, the medium was changed. After a further 24 
h, virus-containing Supernatant was collected and passed 
through a 0.45 um filter. Then, Supernatant was concentrated 
by ultracentrifugation at 25,000 rpm, tittered and stored at 
-80° C. until use. 

0270 
0271 Primary human T lymphocytes isolated from 
healthy donors were acquired from the Human Immununol 
ogy Core at University of Pennsylvania. T cells were cultured 
in complete medium (RPMI 1640 supplemented with 10% 
inactivated FBS, 100 U/ml penicillin and streptomycin sul 
fate), and stimulated with anti-CD3 and anti-CD28 mAb 
coated beads (invitrogen). Twelve hours after activation. T 
cells were transduced with lentiviral vectors in presence of 4 
ug/ml polybrene. Human T lymphocytes were expanded and 
maintained by addition of interleukin-2 every other day at 100 
IU/ml. 

0272 'Cr Release Assay 
0273. The ability of transduced T lymphocytes to lyse 
GPC3-positive tumor cells was evaluated using a "Crassay. 
Briefly, 106 tumor cells were labeled for 1 hat 37°C. with 100 
uCi of 51Cr (Amersham Biosciences, Pittsburgh, Pa.). The 
labeled target cells (1x10) were co-cultured with effector 
cells at the ratios indicated in the figures for 6 hours at 37C in 
150 ul of complete medium. Harvested supernatants were 
counted using a MicroBeta TriLux instrument (Perkin Ehner, 
Waltham, Mass.). Total and spontaneous 51Cr release was 
determined by incubating 1x10-labeled target cells in either 
1% Triton X-100 or medium alone for the above conditions, 
respectively. Each data point was determined as the mean 
results from triplicate wells. Specific lysis was calculated by 
use of the following formmula: % specific release=(cpm of 
exp-cpm of mean spontaneous)/(cpm of mean total-cpm of 
mean spontaneous). 
0274 

Lentiviral Transduction of Human T Lymphocytes 

The results of the experiments are now described. 
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GPC3-Specific CAR Construction 
0275. The 3E11 schv was selected to construct GPC3 
specific CAR for the reason of relative high antigen binding 
affinity among the identified scFvs. The lentiviral CAR-ex 
pressed vector presently used in the experiment has been 
optimized before (Carpenito, et al., 2009, Proc Natl Acad Sci 
USA 106:3360-3365) and constitute a CD8a hinge and trans 
membrance region, followed by a CD33 signaling moiety and 
in tandem with the CD 137 (4-1BB) or CD28 intracellular 
signaling motif. A signaling deficient containing a truncated 
CD35 intracellular domain (A4) was designed as negative 
control to assess initiating signaling transduction as depicted 
in FIG.8. The cDNA of ScFv 3E11 was Sub-cloned into these 
lentiviral-CAR vectors. Further, these vectors were trans 
formed into 293T cells and western blot probed to CD35 
confirmed Successful expression by these vectors. 
0276 For effective lentiviral transduction, human T lym 
phocytes from peripheral blood were activated by CD3/CD28 
beads. To test the transduction efficiency. T cells were trans 
duced with GFP-expressed lentiviral vector, and the stable 
consistent GEP expression can be observed after 10 days 
transduction as depicted in FIG.8. To track CAR expression 
on T cell membrane, one Flag-tag was artificially inserted on 
N-terminal of CAR, and the expression of CAR on T cell 
membrane was detected by FACS using anti-Flag mab. The 
data as depicted in FIG. 8 suggested around 50% T cells were 
transduced and express CAR receptor on cell membranes. 

3E11-CAR+ T Cells Showed GPC3-Specific Cytotoxicity in 
Vitro 

(0277 Engineered T cells were cocultured with GPC3+ or 
GPC3- tumor cells to determine the effects of antigen spe 
cific cytotoxicity. T cells were transduced by lentiviral vector 
of 3E11-BBZ, 3E11-28BBZ, and 3E11-dZ, and their trans 
duction efficiency were assessed by FACS, and further equili 
brated to the similar cell numbers in the following cytotoxic 
ity assays as depicted in FIG.9. Also, T cells transduced with 
GFP lentiviral vector were included as control. For target 
cells, several established tumor cell lines were selected and 
GPC3 protein expression levels were determined by FACS. 
Two tumor cell lines, hs578T (GPC3-) and HepG2.sh57 (less 
GPC3 expression), were also selected. As shown in FIG. 10, 
T cells transduced with 3E11-BBZ or 3E11-28BBZ have 
significant cellular lysis of HepG2 ranged from 44-60% at 
E:T ratio of 5-15:1, while no lysis effects on 3E 11-dz and 
GFP transduced T cells. Similar lysis effects were observed 
on other two GPC3+ tumor cell lines of HCE4 and NC1-N87 
cells. For Hss78T and HepG2.sh37 cells, no significant lysis 
was detected with 3E11-BBZ and 3E11-28BBZ transduced T 
cells. The present data Suggested antigen-specific cytotoxic 
ity by 3E11-CAR transduced T cells. The CAR transduced T 
cells can be used to target GPC3 expressing tumors as a type 
of T cell-based immunotherapy of HCC. The results pre 
sented herein provide a specific and human-sourced ScHV for 
CAR-transduced T cells-based immunotherapy. 
0278. The disclosures of each and every patent, patent 
application, and publication cited herein are hereby incorpo 
rated herein by reference in their entirely. While this invention 
has been disclosed with reference to specific embodiments, it 
is apparent that other embodiments and variations of this 
invention may be devised by others skilled in the art without 
departing from the true spirit and scope of the invention. The 
appended claims are intended to be construed to include all 
Such embodiments and equivalent variations. 
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SEQUENCE LISTING 

<16O is NUMBER OF SEO ID NOS: 63 

<210s, SEQ ID NO 1 
&211s LENGTH: 21 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 1 

atggc.cggga ccgtgcgcac C 

<210s, SEQ ID NO 2 
&211s LENGTH: 24 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 2 

t cagtgcacc aggaagaaga agca 

<210s, SEQ ID NO 3 
&211s LENGTH: 35 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 3 

ccggaatticg acaagaaagt attaaaagtt gctica 

<210s, SEQ ID NO 4 
&211s LENGTH: 32 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 4 

acgcgt.cgac gigtgctitatic ticgttgtc.ct tc 

<210s, SEQ ID NO 5 
&211s LENGTH: 37 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 5 

ggttctggtg gttggaggttctggtggtggit gatctg 

<210s, SEQ ID NO 6 
&211s LENGTH: 62 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 6 

gaga.ccgagg agagggittag ggataggctt accgt.cgacc aagtctt Ctt Cagaataagc 

21 

24 

35 

32 

37 

6 O 
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- Continued 

tt 62 

<210s, SEQ ID NO 7 
&211s LENGTH: 21 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OO > SEQUENCE: 7 

gccaaattat t ct cotatgt t 21 

<210s, SEQ ID NO 8 
&211s LENGTH: 21 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 8 

gccaatatag atctgctt at t 21 

<210s, SEQ ID NO 9 
&211s LENGTH: 21 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 9 

gct Caagaaa gatggaagaa a 21 

<210s, SEQ ID NO 10 
&211s LENGTH: 28 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 10 

ggat.ccgt.cc agtctgttgtt gacgcago 28 

<210s, SEQ ID NO 11 
&211s LENGTH: 29 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 11 

gctagotgag gagacggtga C cagtgttc 29 

<210s, SEQ ID NO 12 
&211s LENGTH: 117 

212. TYPE: PRT 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 12 

Glin Val Glin Leu Val Glin Ser Gly Gly Gly Val Val Glin Pro Gly Arg 
1. 5 1O 15 

Ser Lieu. Arg Lieu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 
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- Continued 

2O 25 3O 

Gly Lieu. His Trp Val Arg Glin Ala Pro Gly Lys Gly Lieu. Glu Trp Val 
35 4 O 45 

Ala Ala Ile Ser Tyr Asp Gly Ser Lys Llys Tyr Tyr Ala Asp Ser Val 
SO 55 6 O 

Lys Gly Arg Lieu. Thir Ile Ser Arg Asp Asn. Ser Lys Asn. Thir Lieu. Tyr 
65 70 7s 8O 

Lieu Gln Met Asn Ser Leu Ser Pro Glu Asp Thr Ala Lieu. Tyr Phe Cys 
85 90 95 

Ala Arg Gly Trp Phe Val Glu Pro Leu Ser Trp Gly Glin Gly Thr Lieu. 
1OO 105 11 O 

Wall. Thir Wal Ser Ser 
115 

<210s, SEQ ID NO 13 
&211s LENGTH: 124 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 13 

Glin Val Glin Leu Gln Glu Ser Gly Pro Gly Lieu Val Llys Pro Ser Glu 
1. 5 1O 15 

Thr Lieu Ser Lieu Ser Cys Thr Val Ser Gly Gly Ser Ile Ser Ser Ser 
2O 25 3O 

Ser Tyr Tyr Trp Ala Trp Ile Arg Gln Pro Pro Gly Lys Gly Lieu. Glu 
35 4 O 45 

Trp Ile Gly Asn Ile Tyr Tyr Ser Gly Ser Thr Tyr Tyr Asn Pro Ser 
SO 55 6 O 

Lieu Lys Ser Arg Val Thir Ile Ser Val Asp Thir Ser Lys Asn Glin Phe 
65 70 7s 8O 

Ser Lieu Lys Lieu. Ser Ser Val Thir Ala Ala Asp Thr Ala Val Tyr Tyr 
85 90 95 

Cys Ala Arg Phe Pro Lieu. Ile Arg Gly Tyr Arg Tyr Arg Tyr Asp Glu 
1OO 105 11 O 

Tyr Trp Gly Glin Gly Thr Lieu Val Thr Val Ser Ser 
115 12 O 

<210s, SEQ ID NO 14 
&211s LENGTH: 123 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 14 

Glin Val Glin Lieu. Glin Glu Ser Gly Lieu. Gly Lieu Val Llys Pro Ser Glu 
1. 5 1O 15 

Thr Lieu Ser Lieu. Thr Cys Ala Val Ser Gly Tyr Ser Ile Thr Ser Gly 
2O 25 3O 

Tyr Tyr Trp Gly Trp Ile Arg Glin Thr Pro Gly Lys Gly Lieu. Glu Trp 
35 4 O 45 

Ile Gly Arg Ile Tyr Tyr Gly Gly Ser Thr His Tyr Asn Pro Ser Lieu. 
SO 55 6 O 
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- Continued 

Gln Ser Arg Val Thr Ile Ser Val Asp Thr Ala Lys Asn Glin Phe Ser 
65 70 7s 8O 

Lieu Lys Lieu. Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

Ala Arg Asp Arg Asn Tyr Glin Ser Lieu. Ser Gly Tyr Cys Lieu. Asp Tyr 
1OO 105 11 O 

Trp Gly Glin Gly Lys Val Val Thr Val Ser Ser 
115 12 O 

<210s, SEQ ID NO 15 
&211s LENGTH: 118 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 15 

Glin Val Glin Lieu Val Glin Ser Gly Gly Gly Lieu Ala Glin Pro Gly Gly 
1. 5 1O 15 

Ser Lieu. Arg Lieu Ser Cys Ala Ala Ser Gly Ser Ser Phe Ser Thr Phe 
2O 25 3O 

Val Lieu. Ser Trp Val Arg Glin Thr Pro Gly Lys Gly Lieu Gln Trp Val 
35 4 O 45 

Ser Thir Ile Ser Gly Ser Gly Thr Ser Thr Tyr Tyr Ala Asp Ser Val 
SO 55 6 O 

Lys Gly Arg Phe Thr Val Ser Arg Asp Asn Ala Lys Asn Thr Glin Tyr 
65 70 7s 8O 

Lieu. Glin Met Asn. Ser Lieu. Arg Ala Glu Asp Thr Ala Ile Tyr Tyr Cys 
85 90 95 

Ala Arg His Llys Ser Phe Gly Val Glin Trp Lieu. Trp Gly Glin Gly Ala 
1OO 105 11 O 

Lieu Val Val Arg Lieu. Lieu. 
115 

<210s, SEQ ID NO 16 
&211s LENGTH: 127 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 16 

Glin Val Glin Leu Gln Glu Ser Gly Pro Gly Lieu Val Llys Pro Ser Glu 
1. 5 1O 15 

Thr Lieu Ser Lieu. Thr Cys Thr Val Ser Gly Gly Ser Ile Ser Ser Ser 
2O 25 3O 

Ser Tyr Tyr Trp Gly Trp Ile Arg Gln Pro Pro Gly Lys Gly Lieu. Glu 
35 4 O 45 

Trp Ile Gly Ser Ile Tyr Tyr Ser Gly Ser Thr Tyr Tyr Asn Pro Ser 
SO 55 6 O 

Lieu Lys Ser Arg Val Thir Ile Ser Val Asp Thir Ser Lys Asn Glin Phe 
65 70 7s 8O 

Ser Lieu Lys Lieu. Ser Ser Val Thir Ala Ala Asp Thr Ala Val Tyr Tyr 
85 90 95 

Cys Ala Arg Val His Asp Gly His Arg Tyr Gly Thr Tyr Tyr Tyr Tyr 
1OO 105 11 O 
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Gly Lieu. Asp Val Trp Gly Glin Gly Thr Ala Val Thr Val Ser Ser 
115 12 O 125 

<210s, SEQ ID NO 17 
&211s LENGTH: 109 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 17 

Ser Val Lieu. Thr Glin Pro Pro Ser Ala Ser Gly Thr Pro Gly Glin Arg 
1. 5 1O 15 

Val Thir Ile Ser Cys Ser Gly Ser Ser Ser Asn Ile Gly Ser Asn Thr 
2O 25 3O 

Val Asn Trp Tyr Glin Gln Lieu Pro Gly Thr Ala Pro Llys Lieu. Lieu. Ile 
35 4 O 45 

Tyr Ser Asn Asn Glin Arg Pro Ser Gly Val Pro Asp Arg Phe Ser Gly 
SO 55 6 O 

Ser Lys Ser Gly. Thir Ser Ala Ser Lieu Ala Ile Ser Gly Lieu. Glin Ser 
65 70 7s 8O 

Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Ala Trp Asp Asp Ser Lieu. Asn 
85 90 95 

Gly Tyr Val Phe Gly Thr Gly Thr Lys Lieu. Thr Val Lieu 
1OO 105 

<210s, SEQ ID NO 18 
&211s LENGTH: 114 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 18 

Val Asp Ile Val Met Thr Glin Ser Pro Leu Ser Leu Pro Val Thr Pro 
1. 5 1O 15 

Gly Glu Ala Ala Ser Ile Ser Cys Arg Ser Ser Glin Ser Lieu. Lieu. His 
2O 25 3O 

Arg Asp Gly Tyr His Tyr Lieu. Asn Trp Phe Lieu Gln Llys Pro Gly Glin 
35 4 O 45 

Ser Pro Glin Lieu. Lieu. Ile Tyr Lieu. Gly Ser Asn Arg Ala Ser Gly Val 
SO 55 6 O 

Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Lieu Lys 
65 70 7s 8O 

Ile Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Met Glin 
85 90 95 

Ala Pro Gln Thr Pro Arg Thr Lieu. Leu Gly Glin Gly Thr Lys Lieu. Glu 
1OO 105 11 O 

Ile Llys 

<210s, SEQ ID NO 19 
&211s LENGTH: 110 

212. TYPE: PRT 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 
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<4 OOs, SEQUENCE: 19 

Val Glu Ile Val Lieu. Thr Glin Ser Pro Gly Thr Lieu Ser Val Ser Pro 
1. 5 1O 15 

Gly Glu Arg Ala Thr Lieu. Ser Cys Arg Ala Ser Glin Ser Val Ser Ser 
2O 25 3O 

His Ile Ala Trp Tyr Glin Gln Llys Pro Gly Glin Ala Pro Arg Lieu. Lieu. 
35 4 O 45 

Ile His Gly Ala Ser Thr Arg Ala Thr Gly Val Pro Ala Arg Phe Ser 
SO 55 6 O 

Gly Ser Gly Ser Gly Thr Glu Phe Thr Lieu. Thir Ile Ser Ser Leu Gln 
65 70 7s 8O 

Ser Glu Asp Phe Ala Val Tyr Tyr Cys Glin Glin Tyr Asn Llys Trp Pro 
85 90 95 

Pro Glu Tyr Thr Phe Gly Glin Gly Thr Lys Lieu. Glu Ile Llys 
1OO 105 11 O 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 114 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 2O 

Wal His Ile Wal Met Thr Glin Ser Pro Leu Ser Lieu Pro Wall Thir Lieu 
1. 5 1O 15 

Gly Glin Pro Ala Ser Ile Ser Cys Trp Ser Ser Glin Ser Leu Val Tyr 
2O 25 3O 

Gly Asp Gly Asn Thr Tyr Lieu. Asn Trp Phe Glin Glin Arg Pro Gly Glin 
35 4 O 45 

Ser Pro Arg Arg Lieu. Ile Tyr Llys Val Ser Asn Arg Asp Ser Gly Val 
SO 55 6 O 

Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Lieu Lys 
65 70 7s 8O 

Ile Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Met Glin 
85 90 95 

Gly Thr His Trp Pro Pro Gly Thr Phe Gly Gly Gly Thr Lys Lieu. Glu 
1OO 105 11 O 

Ile Llys 

<210s, SEQ ID NO 21 
&211s LENGTH: 108 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (16) ... (16) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 

<4 OOs, SEQUENCE: 21 

Asp Ile Val Met Thr Glin Ser Pro Leu Ser Leu Pro Val Thr Pro Xaa 
1. 5 1O 15 

Glu Ala Ala Ser Ile Ser Cys Arg Ser Ser Glin Ser Lieu. Tyr Ser Ala 
2O 25 3O 
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Trp Glu Thir Lieu. Lieu. Glu Lieu. Lieu. Glin Glin Ile Llys Pro Ile Ser Lys 
35 4 O 45 

Gly Ala Thr Tyr Llys Val Ser Asn Arg Asp Ser Gly Val Glin Thr Asp 
SO 55 6 O 

Glin Arg Gln Trp Val Arg His Trp Phe His Thr Glu Asn Glin Glin Val 
65 70 7s 8O 

Glu Ala Glu Asp Val Gly Val Ile Thr Ala Cys Llys Val His Thr Gly 
85 90 95 

Pro Pro Phe Ser Ala Pro Gly Pro Llys Trp Ile Ser 
1OO 105 

<210s, SEQ ID NO 22 
&211s LENGTH: 5 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 22 

Ser Tyr Gly Lieu. His 
1. 5 

<210s, SEQ ID NO 23 
&211s LENGTH: 17 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
& 22 O FEATURE; 
<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 23 

Ala Ile Ser Tyr Asp Gly Ser Lys Llys Tyr Tyr Ala Asp Ser Val Lys 
1. 5 1O 15 

Gly 

<210s, SEQ ID NO 24 
&211s LENGTH: 8 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 24 

Gly Trp Phe Val Glu Pro Leu Ser 
1. 5 

<210s, SEQ ID NO 25 
&211s LENGTH: 7 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 25 

Ser Ser Ser Tyr Tyr Trp Ala 
1. 5 

<210s, SEQ ID NO 26 
&211s LENGTH: 16 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 
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<4 OOs, SEQUENCE: 26 

Asn Ile Tyr Tyr Ser Gly Ser Thr Tyr Tyr Asn Pro Ser Leu Lys Ser 
1. 5 1O 15 

<210s, SEQ ID NO 27 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 27 

Phe Pro Lieu. Ile Arg Gly Tyr Arg Tyr Arg Tyr Asp Glu Tyr 
1. 5 1O 

<210s, SEQ ID NO 28 
&211s LENGTH: 6 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 28 

Ser Gly Tyr Tyr Trp Gly 
1. 5 

<210 SEQ ID NO 29 
&211s LENGTH: 16 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 29 

Arg Ile Tyr Tyr Gly Gly Ser Thr His Tyr Asn Pro Ser Leu Glin Ser 
1. 5 1O 15 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 30 

Asp Arg Asn Tyr Glin Ser Lieu. Ser Gly Tyr Cys Lieu. Asp Tyr 
1. 5 1O 

<210s, SEQ ID NO 31 
&211s LENGTH: 5 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 31 

Ser Tyr Ala Met Ser 
1. 5 

<210s, SEQ ID NO 32 
&211s LENGTH: 17 

212. TYPE: PRT 
<213> ORGANISM: Artificial 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 32 

Ala Ile Ser Gly Ser Gly. Thir Ser Thr Tyr Tyr Ala Asp Ser Val Lys 
1. 5 1O 15 

Gly 

<210s, SEQ ID NO 33 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 33 

His Llys Ser Phe Gly Val Glin Trp Leu 
1. 5 

<210s, SEQ ID NO 34 
&211s LENGTH: 7 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 34 

Ser Ser Ser Tyr Tyr Trp Gly 
1. 5 

<210s, SEQ ID NO 35 
&211s LENGTH: 16 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 35 

Ser Ile Tyr Tyr Ser Gly Ser Thr Tyr Tyr Asn Pro Ser Leu Lys Ser 
1. 5 1O 15 

<210s, SEQ ID NO 36 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 36 

His Asp Gly His Arg Tyr Gly Thr Tyr Tyr Gly Lieu. Asp Wall 
1. 5 1O 

<210s, SEQ ID NO 37 
&211s LENGTH: 13 

212. TYPE: PRT 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OO > SEQUENCE: 37 

Ser Gly Ser Ser Ser Asn Ile Gly Ser Asn Thr Val Asn 
1. 5 1O 
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<210s, SEQ ID NO 38 
&211s LENGTH: 7 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 38 

Ser Asn. Asn Glin Arg Pro Ser 
1. 5 

<210s, SEQ ID NO 39 
&211s LENGTH: 8 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 39 

Gly Trp Phe Val Glu Pro Leu Ser 
1. 5 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 16 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

< 4 OO SEQUENCE: 4 O 

Arg Ser Ser Glin Ser Lieu. Lieu. His Arg Asp Gly Tyr His Tyr Lieu. Asn 
1. 5 1O 15 

<210s, SEQ ID NO 41 
&211s LENGTH: 7 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 41 

Lieu. Gly Ser Asn Arg Ala Ser 
1. 5 

<210s, SEQ ID NO 42 
&211s LENGTH: 8 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 42 

Met Glin Ala Pro Gln Thr Pro Arg 
1. 5 

<210s, SEQ ID NO 43 
&211s LENGTH: 11 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 43 

Arg Ala Ser Glin Ser Val Ser Ser His Ile Ala 
1. 5 1O 
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<210s, SEQ ID NO 44 
&211s LENGTH: 7 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 44 

Gly Ala Ser Thr Arg Ala Thr 
1. 5 

<210s, SEQ ID NO 45 
&211s LENGTH: 7 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 45 

Gln Glin Tyr Asn Lys Trp Pro 
1. 5 

<210s, SEQ ID NO 46 
&211s LENGTH: 16 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 46 

Trp Ser Ser Glin Ser Lieu Val Tyr Gly Asp Gly Asn Thr Tyr Lieu. Asn 
1. 5 1O 15 

<210s, SEQ ID NO 47 
&211s LENGTH: 7 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 47 

Llys Val Ser Asn Arg Asp Ser 
1. 5 

<210s, SEQ ID NO 48 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 48 

Met Glin Gly Thr His Trp Pro Pro Gly 
1. 5 

<210s, SEQ ID NO 49 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 49 
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Ser Ser Glin Ser Lieu Val Tyr Ser Asp Gly Asn Thr Tyr Lieu. Asn 
1. 5 1O 15 

<210s, SEQ ID NO 50 
&211s LENGTH: 7 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 50 

Llys Val Ser Asn Arg Asp Ser 
1. 5 

<210s, SEQ ID NO 51 
&211s LENGTH: 8 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 51 

Met Glin Gly Thr His Trp Pro Pro 
1. 5 

<210s, SEQ ID NO 52 
&211s LENGTH: 349 
&212s. TYPE: DNA 
<213> ORGANISM; Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 52 

Caggtgcagc tiggtgcagtic tiggggaggc gtggit coagc Ctgggaggit c cctgagactic 6 O 

t cct gtgcag cct Ctggatt Cacct tcagt agctatggct tcc actgggit cc.gc.caggct 12 O 

cCaggcaagg ggctggagtg ggtggcagct at at catatg atggtag tala gaaat act at 18O 

gCagactic.cg taagggc.cg act caccatc. tccagagaca atticcaagaa cacgctgtat 24 O 

Ctgcaaatga acagtttgag acctgacgac acggctctgt atttctgtgc gaggggatgg 3OO 

titcgtggagc Cactat cotggggcc aggaa cactggt cac gtctic ct ca 349 

<210s, SEQ ID NO 53 
&211s LENGTH: 373 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 53 

Caggtgcagc tigcaggagtic gggcc cagga citggtgaagc Ctt cqgaga C cctgtcc ct c 6 O 

agctgcactg. tct Ctggtgg Ct c catcagc agtag tagtt act actgggc Ctggat.ccgc 12 O 

Cagc.ccc.cag ggaaggggct ggagtggatt ggcaat atct act at agtgg gag caccitac 18O 

taca accc.gt ccct caagag togagt cacc at at cagtag acacgt.ccaa gaaccagttc 24 O 

t ccctgaagc tigagct Ctgt gaccgc.cgcg gacacggc.cg tdt attact.g. tcc.gagattic 3OO 

CCtttaatac gtggatacag at atcgttac gatgagtact ggggcCaggg alacgctggit c 360 

accotctic ct cag 373 
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atcagcaggg taggctgaggatgttggg gtt tatt act gcatgcaagg tacacactgg 

Cctic.cgggta Ctttcggcgg agggaccalag Ctggagat.ca aa 
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<210s, SEQ ID NO 61 
&211s LENGTH: 38O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 61 

gatattgttga tigacticagtic ticcactict co citgc.ccgtca cccct grrga 

atct cotgca ggit ctagt ca gag cct ctac agtgcatggg aaacact act 

cagoagat.ca agccaatcto caaaggcgct acttataaag tittctaacco 

gtcCagacag atcagoggca gtgggtcagg cactggtttic acactgaaaa 

gaggctgagg atgttggggit tatt actgca toaagg tac acactggcc C 

gcc.ccgggac caaagtggat atcaaaggtg gttcCtctag atctt cotcC 

gtggct C9gg C9gtggtggg 

<210s, SEQ ID NO 62 
&211s LENGTH: 26 
&212s. TYPE: DNA 
<213> ORGANISM; Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 62 

cc.cggggc.ca cctgtcacca agt cc.g 

SEQ ID NO 63 
LENGTH: 28 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: Chemically synthesized 

<4 OOs, SEQUENCE: 63 

cc.gcgggtgc accaggaaga agaag cac 

1. (canceled) 
2. (canceled) 
3. (canceled) 
4. (canceled) 
5. (canceled) 
6. (canceled) 
7. (canceled) 
8. (canceled) 
9. (canceled) 
10. (canceled) 
11. (canceled) 
12. (canceled) 
13. (canceled) 
14. An isolated chimeric antigen receptor (CAR) compris 

ing a human GPC3 binding domain and a CD3 Zeta signaling 
domain. 

3OO 

342 

ggcggcct cc 6 O 

tgaattgctt 12 O 

cgact Ctggg 18O 

t cagcaggtg 24 O 

cc.cgttitt.cg 3OO 

tctggtggcg 360 

38O 

26 

28 

15. The isolated CAR of claim 14, further comprising the 
sequence of a co-stimulatory signaling domain. 

16. The isolated CAR of claim 15, wherein the co-stimu 
latory signaling domain is selected from the group consisting 
of the CD28 signaling domain, the 4-1BB signaling domain, 
and any combination thereof. 

17. The isolated CAR of claim 14, wherein the human 
GPC3 binding domain is a human antibody or a fragment 
thereof is selected from the group consisting of an Fab frag 
ment, an F(ab')2 fragment, an Fv fragment, and a single chain 
Fv (scFv). 

18. The isolated CAR of claim 15, wherein the antibody or 
a fragment thereof comprises a heavy chain and light chain, 
wherein the amino acid sequence of the heavy chain is 
selected from the group consisting of SEQID NOs: 12-16 and 
the amino acid sequence of the light chain is selected from the 
group consisting of SEQID NOs: 17-21. 
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19. A method of providing an anti-tumor immunity in a 
mammal, the method comprising administering to the mam 
mal an effective amount of a genetically modified cell com 
prising an isolated nucleic acid sequence encoding a chimeric 
antigen receptor (CAR), wherein the isolated nucleic acid 
sequence comprises the sequence of a human GPC3 binding 
domain and the nucleic acid sequence of a CD3 Zeta signaling 
domain. 

20. The method of claim 19, wherein the cell is an autolo 
gous T cell. 

21. The method of claim 19, wherein the mammal is a 
human. 

22. A method of treating a mammal having a disease, 
disorder or condition associated with dysregulated expres 
sion of mesothelin, the method comprising administering to 
the mammal an effective amount of a genetically modified 
cell comprising an isolated nucleic acid sequence encoding a 
chimeric antigen receptor (CAR), wherein the isolated 
nucleic acid sequence comprises the sequence of a human 
GPC3 binding domain and the nucleic acid sequence of a 
CD3 Zeta signaling domain. 

23. The method of claim 22, wherein the disease, disorder 
or condition associated with dysregulated expression of 
GPC3 is selected from the group consisting of liver cancer, 
pancreatic cancer, ovarian cancer, Stomach cancer, lung can 
cer, endometrial cancer, hepatocellular carcinoma, and any 
combination thereof. 


