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Individual or combinations of somatic mutations found in genes from colorectal cancers can redirect the effects of
chemotherapy and targeted agents on cancer cell survival and, consequently, on clinical outcome. Novel therapeutics
with mechanisms of action that are independent of mutational status would therefore fulfill a current unmet clinical
need. Here the CEA and CD3 bispecific single-chain antibody MEDI-565 (also known as MT111 and AMG 211) was
evaluated for its ability to activate T cells both in vitro and in vivo and to kill human tumor cell lines harboring various
somatic mutations commonly found in colorectal cancers. MEDI-565 specifically bound to normal and malignant tissues
in a CEA-specific manner, and only killed CEA positive cells. The BiTE� antibody construct mediated T cell-directed
killing of CEA positive tumor cells within 6 hours, at low effector-to-target ratios which were independent of high
concentrations of soluble CEA. The potency of in vitro lysis was dependent on CEA antigen density but independent of
the mutational status in cancer cell lines. Importantly, individual or combinations of mutated KRAS and BRAF
oncogenes, activating PI3KCA mutations, loss of PTEN expression, and loss-of-function mutations in TP53 did not
reduce the activity in vitro. MEDI-565 also prevented growth of human xenograft tumors which harbored various
mutations. These findings suggest that MEDI-565 represents a potential treatment option for patients with CEA positive
tumors of diverse origin, including those with individual or combinations of somatic mutations that may be less
responsive to chemotherapy and other targeted agents.

Introduction

Significant progress has been made during the past decade to
treat patients with metastatic colorectal cancer (mCRC) follow-
ing the approval of multiple new agents and treatment strategies.
However, individual or combinations of somatic mutations in
genes of mCRC can limit the effectiveness of standard chemo-
therapy and targeted therapies.1 Thus, prognosis for patients
with mCRC remains poor with 5-year survival rates <20%.2

The development of novel agents that provide clinicians with
therapies that work independently of the mutational status of the
tumor may prove quite beneficial to enhance the overall survival
of patients with mCRC.

Some of the most common somatic mutations found in genes
of mCRC include mutated KRAS and BRAF oncogenes, activat-
ing PI3KCA mutations, loss of phosphatase and tensin homolog
(PTEN) expression, and loss-of-function mutations in TP53.3

Individually or in combination, these sets of mutations negatively
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impact the effects of chemotherapy and targeted agents on cancer
cell survival and, in some cases, on clinical outcome.4-9 Receptor-
independent signaling of the epidermal growth factor receptor
type 1 (EGFR-1) pathway by mutated KRAS, BRAF, or
PI3KCA, or the loss of PTEN expression may eliminate the need
of mCRC cells to express high levels of EGFR-1 10 or activate
intracellular signaling cascades through receptor-ligand interac-
tions,11 both factors that may limit the potential benefits of anti-
EGFR-1 antibody therapy in patients with mCRC. For example,
patients with tumors mutated in KRAS and BRAF do not benefit
from an increased overall survival following administration of
cetuximab (Erbitux�) or panitumumab (Vectibix�), monoclonal
antibodies that block EGFR-1 signaling.4,12-19 In addition, loss-
of-function mutations in TP53 limits the ability of cancer cells to
undergo p53-mediated apoptosis 20 which has been reported to
reduce chemosensitivity to 5-fluorouracil (5-FU) 21,22 and in
some cases of ovarian cancer limit clinical response following
treatment with platinum-based chemotherapies. 23-30 Thus,
mutational status has become an important biomarker to identify
patients who are likely to benefit from a specific treatment, and
has the potential to guide clinicians in prescribing a chemother-
apy or targeted therapy.31

Standard of care chemotherapy and targeting antibody thera-
pies may initially reduce the tumor burden, but relapse for late-
stage patients is common. The human immune response repre-
sents another opportunity to control neoplastic disease. Tumor
antigen-specific T cells are readily found within tumors and in
tumor-draining lymph nodes, but the clearance of established
tumors by the immune system is rare.32 Multiple mechanisms
exist to subvert antigen-specific, T cell-mediated destruction of
tumor cells thereby resulting in tumor immune evasion.33 These
include down-regulation of major histocompatibility (MHC)
class I complexes on the surface of tumor cells, lack of tumor
antigen processing and presentation, escape from T-cell induced
destruction, as well as induction of T cell anergy, exhaustion, or
apoptosis, and suppression of effector T cell function by co-
inhibitory receptor pathway signaling or suppressor cell popula-
tions, in particular by regulatory T cells.34

Bispecific T cell engager (BiTE�) antibody constructs were
designed to transiently link effector T cells to tumor cells via con-
current binding to CD3 on peripheral and/or tumor-resident
T cells and tumor-associated antigens on the surface of tumor
cells.35,36 This productive interaction results in the activation of
T cells through CD3/T cell receptor complex signaling, and sub-
sequent T cell-mediated lysis of targeted tumor cells. Conse-
quently, BiTE� antibody constructs act independently of T cell
receptor specificity, co-stimulatory or co-inhibitory signals, and
peptide antigen presentation, thus bypassing several well-charac-
terized mechanisms by which tumor cells evade immune recogni-
tion and destruction.37 Some of the major functional
characteristics of BiTE� antibody constructs that have been
reported include a strict dependence on the presence of target
cells for activation of T cells,38 the creation of a functional cyto-
lytic synapse,39 serial T cell mediated lysis of target cells,40 and
highly potent redirected lysis of target cells.41 In addition, neither
antibody internalization nor T cell anergy were observed upon

long-term treatment of tumor-bearing mice with a BiTE� anti-
body construct, suggesting that BiTE� antibody constructs
themselves do not induce T cell anergy in the tumor microenvi-
ronment and can sustain an active T cell response during pro-
longed periods of T cell activation.42

Currently, 4 different BiTE� antibody constructs are under-
going evaluation in clinical trials for the treatment of cancer, and
these BiTE� antibody constructs target CD19 on B cell malig-
nancies (blinatumomab; AMG 103; MT103), epithelial cell
adhesion molecule (EpCAM; CD326) on adenocarcinomas (soli-
tomab; AMG 110; MT110), prostate-specific membrane antigen
(PSMA) on prostate adenocarcinomas (AMG 212;
BAY2010112) and carcinoembryonic antigen (CEA/CEA-
CAM5/CD66e) on gastrointestinal adenocarcinomas (MEDI-
565; MT111; AMG 211). In studies of non-Hodgkin lymphoma
and B-precursor acute lymphoblastic leukemia (B-ALL) patients,
blinatumomab has been reported to induce a high rate of clinical
benefit with an acceptable safety profile.43-49 The blinatumomab
data demonstrates clinical proof of principle for the platform
technology. Clinical studies are ongoing in adult and pediatric
patients with relapsed/refractory B-precursor ALL, adults with
persistent minimal residual disease B-precursor ALL, and adults
with relapsed diffuse large B cell lymphoma (DLBCL), (Clinical-
Trials.gov identifiers NCT01471782, NCT01207388,
NCT01466179, and NCT01741792). Solitomab targets
EpCAM on both epithelial carcinomas as well as tumor-initiating
cells,50-52 and has entered a Phase I trial in patients with solid
tumors that express EpCAM (ClinicalTrials.gov identifier
NCT00635596). AMG 212 is being tested in a Phase I trial in
patients with castration-resistant prostate adenocarcinoma (Clini-
calTrials.gov identifier NCT01723475). MEDI-565 targets CEA
and has entered Phase I clinical trials in patients with advanced
gastrointestinal adenocarcinomas (ClinicalTrials.gov identifier
NCT01284231).

CEA represents an attractive target for BiTE� antibody con-
struct-mediated therapy. Historically, tumor-bound CEA has
been used for cancer imaging and in vaccine and antibody-based
therapeutic approaches for cancer treatment.53-56 The antigen is
limited to the apical surface and luminal portion of adult colonic
epithelium under normal physiological conditions, but is over-
expressed and loses its polarized distribution in CRC and other
cancers resulting in expression of CEA over the entire cell sur-
face.57 This distribution in normal and neoplastic cells may result
in specific targeting of CEA-positive tumor cells and sparing of
normal colonic epithelium where T cell traffic is restricted to
basolateral surfaces by the tight junctions separating apical and
basolateral membranes. Interestingly, phospholipase cleavage of
CEA from the surface of tumor cells 58 results in the accumula-
tion of a soluble form in human blood.57 Serum CEA levels are
currently used clinically to monitor disease recurrence in patients
after surgical resection of colorectal tumors,59 and serves as a neg-
ative prognostic indicator in patients with gastrointestinal can-
cers.60-62 However, soluble circulating CEA might pose a
particular challenge because it could competitively inhibit the
binding of CEA-specific targeted therapies and thereby interfere
with its antitumor activity.
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MEDI-565 was developed from a set of BiTE� antibody con-
structs that redirected T cells in vitro to kill tumor cells expressing
CEA and in vivo to inhibit growth of tumors cells.63 A series of
studies with MEDI-565 demonstrated that the BiTE� antibody
construct could induce patient T cells to kill metastatic CRC
specimens derived from patients previously treated with conven-
tional chemotherapy.64 Herein we extend these initial findings by
characterizing the in vitro and in vivo pharmacology of MEDI-
565. Key parameters assessed in this report include the BiTE�

antibody construct’s (a) bispecific binding capacity, (b) high
potency of T cell killing of CEA-expressing cells, (c) functional
effects on T cells, (d) mechanism of action of T cell killing, (e)
ability to induce T cell killing of CEA-expressing cells independent
of CEA density, of the presence of high levels of soluble CEA, or
of the mutational status of tumor cell lines, and (f) capacity to
inhibit growth of CEA-expressing tumors in xenograft mouse
models. These results extend our understanding of the functional
attributes of CEA-specific BiTE� antibody constructs and demon-
strate the unique anti-tumoral properties of MEDI-565.

Results

Bispecific binding of MEDI-565 to CEA and human CD3
Flow cytometry binding studies were conducted to character-

ize the target antigens bound by the 2 binding domains of
MEDI-565. MEDI-565 bound specifically to CHO cell lines sta-
bly expressing human (CHO/huCEA) and cynomolgus monkey
CEA (CHO/cynoCEA) and not to the parental CHO cell line
(Table S1). An antibody generated from the CEA binding
domain of MEDI-565 bound only to cell lines expressing CEA-
CAM5 and did not bind to cell lines expressing the other human
CEACAM family members (Table S2). These results demon-
strated that surface expression of CEA was required for binding
of MEDI-565 to cells. In addition, MEDI-565 bound to CD3C
T cells from human peripheral blood mononuclear cells (PBMC)
but not from cynomolgus monkey PBMCs (Table S1). Thus,
MEDI-565 showed specificity and dual binding activity to both
CEA-expressing cell lines and CD3-positive human T cells.
Apparent equilibrium dissociation constant (Kd) values were
determined for MEDI-565 binding to human CEA and CD3
from cell binding experiments. MEDI-565 bound to human
CEA on CHO/huCEA cells with a Kd of 5.5 § 2.2 nM and to
CD3e on primary human CD3 T cells with a Kd of 310 §
67 nM (mean § standard deviation).

MEDI-565 binds to malignant tissue of diverse origin
A targeted binding study was conducted to determine if

MEDI-565 bound to normal epithelium and more broadly to
cancerous tissue that typically express CEA. To accomplish this
objective, MEDI-565 and a control BiTE� antibody construct
were tested for their ability to bind cryosections of normal and
cancerous human tissues. The control BiTE� antibody construct
bound to an irrelevant antigen but shared the anti-CD3-binding
arm with MEDI-565 and was used to determine the specificity of
MEDI-565 in the tissue staining studies.

Membranous staining was observed with MEDI-565 in can-
cers included on 2 frozen human cancer tissue micro-arrays
(TMAs-multi-tumor and pancreatic; Fig. 1B). The percentage of
cancer specimens in these TMAs stained with MEDI-565 was as
follows: 9 of 10 (90%) colon, 3 of 10 (30%) ovary, 5 of 10
(50%) breast, 7 of 10 (70%) lung, 1 of 10 (10%) prostate, and 9
of 10 (90%) pancreas. Of the 15 normal tissues (5 pancreas,
2 colon, 2 ovary, 2 breast, 2 lung and 3 prostate) present in these
TMAs, staining with MEDI-565 was limited to colonic epithe-
lium (2 of 2; 100%) (Fig. 1A). Cytoplasmic and membranous
staining with MEDI-565 was detected in 14 of 17 (82%) esoph-
ageal carcinomas representing 13 samples of squamous cell carci-
noma (SCC), 2 samples of basal cell carcinoma (BCC) and 1
sample of adenocarcinoma. One section of normal squamous epi-
thelium (1 of 1), and 2 hyperplastic squamous epithelium speci-
mens (2 of 2) stained with both MEDI-565 and the control
BiTE� antibody construct where the MEDI-565 staining predo-
minated in the superficial layers while the 3 control BiTE� anti-
body construct treated samples stained in the basal layer of the
epithelium. In the gastric cancer FFPE TMA (formaldehyde fixed
paraffin embedded tissue micro-array), 61 of 68 (90%) gastric
carcinomas representing 12 grade II, 42 grade III, and 14 grade
IV demonstrated moderate to strong cytoplasmic and membra-
nous staining in luminal epithelial cells with ascending tumor
grade, whereas staining was not detected in the 15 normal gastric
mucosae present in the same array. Cytoplasmic staining with
MEDI-565 of hepatocytes in liver cancer TMA FFPE prepara-
tions was observed in 3 of 77 (4%) samples. In 2 of these sam-
ples, identical staining was also recorded using the control
BiTE� antibody construct indicating that this interaction was
not specific. These results indicate a very low expression of the
antigen recognized by MEDI-565 in liver cancer.

These results provided evidence that MEDI-565 bound spe-
cifically to epithelial cells within normal colon, but did not bind
to epithelial cells or stromal elements within a variety of other
normal tissues (Fig. 1A). In contrast, MEDI-565 bound to a
number of different tumors that included a majority of the tested
samples originating from cancerous tissues of the colon, stomach,
esophagus, pancreas, and lung (examples shown in Fig. 1B).

Characterization of the in vitro activity of MEDI-565
Similar to other described CEA-specific BiTE� antibody con-

structs,63 the CEA- and CD3-binding arms of MEDI-565 were
designed to redirect human T cells for the CEA-specific lysis of
target cells. Parental CHO dihydrofolate reductase deficient
(dhfr-) cells (CEA negative) and CHO cells stably expressing
CEA were used in a flow cytometry-based assay to determine the
cytotoxic activity of MEDI-565 against CEA-expressing cells
with a non-mutated background. MEDI-565 induced T cells in
a concentration-dependent manner to efficiently lyse CHO cells
expressing the CEA antigen (Fig. 2A), while the viability of the
parental CHO cells remained unaltered, even when exposed to
high concentrations of MEDI-565 (Fig. 2A). A control BiTE�

antibody construct did not induce T cell lysis of either the paren-
tal CHO cells or CHO cells expressing CEA (Fig. 2A). These
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results demonstrated that MEDI-565-induced T cell killing
required the expression of CEA on target cells.

MEDI-565 was highly effective at the highest E:T cell ratios
(10:1 and 5:1; Fig. 2B). The percentage of maximal lysis
decreased rapidly between E:T cell ratios of 5:1 and 2:1 (middle
panel, Fig. 2B) and remained low at E:T ratios of 1:1 and 1:2.
Overall, the potency of MEDI-565 was inversely proportional to
the E:T ratio, such that higher E:T cell ratios yielded lower EC50

values (right panel, Fig. 2B). Thus, these results suggest that
MEDI-565 induced a concentration-dependent, polyclonal
T cell response that was influenced by the number of T cells and
resulted in the death of cells specifically expressing CEA.

Human tumor cell lines from diverse origins express various
levels of CEA on their cell surface. To test whether CEA antigen
density on the surface of cells correlated with MEDI-565
potency, we examined the ability of MEDI-565 to induce T cell
killing of 6 selected tumor cell lines (ASPC-1, BxPC3, HPAC,
HPAF II, H727 and LS174T) expressing varying levels of CEA
density on their surface (Table 1). T cells from individual donors
were combined with each tumor cell line and MEDI-565.

Efficient T cell killing was observed
for all tumor cell lines after 48 hours
in culture, similar to data presented
in Fig. 4. Interestingly, the surface
density of CEA on the tumor cells
did have an effect on the efficiency
of MEDI-565 activity. We observed
a significant inverse correlation (r2 D
0.77; P < 0.0001) in which the
potency of MEDI-565 increased as
the number of CEA binding sites on
the tumor cells decreased (Fig. 2C).
Taken together, these results sug-
gested that MEDI-565 can effec-
tively induce human T cells to kill
tumor cells expressing CEA, and the
overall potency of MEDI-565 may
depend upon the levels of CEA
expressed by the target cells.

CEA can be released by phospholi-
pases from the cell surface,58 accumu-
late in the blood,57 and may pose a
particular challenge to targeted thera-
pies because it can compete with anti-
body binding and interfere with
antitumor activity of a targeted ther-
apy. Indeed, flow cytometry-based
studies confirmed that a 1 hour pre-
incubation of soluble CEA with
MEDI-565 resulted in competitive
inhibition of binding of MEDI-565
to cell surface CEA expressed on
CHO/huCEA cells (data not shown).
To determine the effect that soluble
CEA may have on the activity of
MEDI-565, CHO/huCEA cells and

human CD3C T cells were co-cultured with varying concentrations
of MEDI-565 and soluble CEA for 72 hours. Target cell lysis was
determined by flow cytometry as the percentage of target cells
becoming PI-positive after 72 hours. Figure 2D shows the effect of
3 different concentrations of soluble CEA (sCEA) ranging from 0.2
to 5 mg/mL, with 5 mg/mL representing a level above that typically
found in the serum of cancer patients with CEA positive
tumors.68,69 The concentrations of MEDI-565 for half-maximal
lysis of target cells expressing CEA were 1.5 ng/mL for MEDI-565
alone, 4.0 ng/mL of MEDI-565 for 0.2 mg/mL of sCEA, 1.3 ng/
mL of MEDI-565 for 1.0 mg/mL of sCEA and 2.1 ng/mL of
MEDI-565 for 5.0 mg/mL of sCEA (Fig. 2D). Thus, none of the
selected concentrations of sCEA showed a substantial effect on the
potency or magnitude ofMEDI-565-mediated in vitro cytotoxicity.

We next wanted to test the kinetics of MEDI-565-mediated T
cell killing of CEA positive tumor cells. In these studies, MEDI-
565 activity was measured in co-culture assays on both T cells
and target cells expressing CEA. T-cell killing of CHO/huCEA
was dependent on the concentration of MEDI-565 and rapid;
target cell death was detected within 6 hours of exposure and

Figure 1. Binding of MEDI-565 to normal and malignant human tissue sections. (A) Representative immu-
nohistochemistry (IHC) images of normal human colon epithelium and normal human pancreas tissues
stained with MEDI-565 or control BiTE� antibody construct. (B) Representative IHC images of human colo-
rectal and pancreatic carcinoma tissues stained with MEDI-565 or control BiTE� antibody construct.
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increased with time (measured up to 72 hours; Fig. 3A). T-cell-
mediated killing of cells expressing CEA coincided with the de
novo expression of the early T cell activation marker CD69 on
resting peripheral T cells derived from human PBMC (Fig. 3B).
De novo expression of the late T cell activation marker CD25
was delayed as compared to CD69 expression, initially detected
on resting peripheral T cells derived from human PBMC
16 hours after the initiation of the co-culture (Fig. 3B). Maximal
levels of CD69 and CD25 were reached at different times on the
T cells (24 hours and 48 to 72 hours for CD69 and CD25,
respectively). MEDI-565 activated T cells to produce cytokines

concomitant with the first measurement of T cell activity (target
cell killing and CD69 expression) at 6 hours (Fig. 3C). The
broad array of cytokines released by T cells and the majority of T
cells (60–78% of CD69-positive T cells for cultures with 5 ng/
mL of MEDI-565) becoming newly activated was consistent
with the polyclonal nature of the T cell activation by MEDI-565.

To determine mechanistically how MEDI-565 induced in
vitro T cell-mediated killing of tumor cell lines expressing CEA
(Fig. 4), we assessed mechanisms consistent with standard cyto-
toxic T cells and seen with other BiTE� antibody constructs
(Fig. S1).70 Granzyme B and perforin were released by T cells in

Figure 2. Factors that influence MEDI-565-induced T cell killing of target cells: CEA expression on target cells, the presence of soluble CEA and effector:
target ratios. (A) Activity of MEDI-565 (�) or control BiTE� antibody (&) to induce T cell killing of CEA positive CHO cells (CHO/huCEA) and CEA negative
parental CHO cells (CHO dhfr-). (B) Effect of the indicated effector-to-target cell ratio on MEDI-565-induced T cell killing of CHO/huCEA cells over a range
of MEDI-565 concentrations. In addition, the relationship between the maximum specific lysis and the EC50 values of lysis achieved in cytotoxicity assays
are graphed versus E:T ratios. (C) Correlation (r2 D 0.77) of the estimated number of CEA binding sites for MEDI-565 on the surface of tumor cell lines
with the potency (EC50 values) of redirected T cell lysis. The measured number of CEA molecules per cell for each of 6 tumor cell lines (ASPC-1, BxPC3,
HPAC, HPAF II, H727 and LS174T) was plotted against the respective EC50 values of the percentage of tumor cells lysed from 3 individual donor T cells. P
and r2 of the linear regression curve are listed on the graph. r2, coefficient of determination, calculated from Pearson’s correlation coefficient (r). (D)
Effect of the indicated concentrations of soluble CEA on MEDI-565 induced T cell killing of CHO/huCEA cells during a 72 hour assay. Data in the figure
show representative results for assays using T cells from 3 different donors. All target cells were cultured for 72 hours with unstimulated human CD3C T
cells at an E:T ratio of 10:1 or as indicated in the figure. Error bars show the SEM in panels A, B and D.
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Table 1. Relationship between MEDI-565 directed cytotoxicity of cancer cell lines and their mutational status and CEA density. Results from various cytotox-
icity assays are shown. Potency of redirected T cell lysis of human cancer cell lines is reported as EC50 values in ng/mL. Each assay used an unique set of
donor T cells, an E:T ratio of 5:1 and an assay duration of 48 hours. Cytotoxicity measurements for ASPC1, MKN45 and PC3 cell assays utilized a flow cytome-
try-based readout; for LS174T, HT-29, BXPC3, PAN0813, HPAFII, HPAC, H727, A549 and BT474 cell assays a caspase 3 measurement was used. Somatic muta-
tion status for the indicated genes for each cell line was compiled from the COSMIC database (http://www.sanger.ac.uk/cosmic). N, number of replicate lysis
experiments; EC50, antibody concentration required for half-maximal effective cell lysis; CEA density, MEDI-565 binding sites per cell; ND, not determined

Mutational Status

Cell Line Tissue Origin Kras BRAF PTEN PI3KCA TP53 N Potency of Redirected Lysis EC50 (ng/mL) CEA Density

HT-29 Colon Q61L V600E WT P449T R273H 2 58 § 10 9,700
LS174T Colon G12D WT WT H1047R WT 6 5.1 § 3.7 75,000
ASPC-1 Pancreas G12D WT WT WT C135Fs*35 14 3.5 § 4.5 460,000
BXPC3 Pancreas WT WT WT WT Y220C 5 4.3 § 2.7 200,000
HPAC Pancreas G12D WT WT WT WT 7 79 § 62 1,400,000
HPAFII Pancreas G12D WT WT WT P151S 6 220 § 170 810,000
PAN0813 Pancreas G12D WT WT WT WT 2 21 § 16 ND
MKN45 Gastric WT WT WT WT WT 4 29 § 20 370,000
A549 Lung G12S WT WT WT WT 3 66 § 72 ND
H727 Lung G12V WT WT WT Q165_166insYKQ 5 77 § 55 530,000
BT474 Breast WT WT WT K111N E285K 3 3.7 § 2.3 ND
PC3 Prostate GV12 WT R55Fs*1 WT K139fs*31 2 43 § 7.1 ND

Figure 3. Kinetics of MEDI-565 mediated T cell cytotoxicity, activation and cytokine release. All data presented in this figure were collected from the same
representative co-culture experiment; unstimulated human CD3C T cells at an E:T ratio of 10:1 cultured with the indicated concentrations of MEDI-565
listed in panel A. Symbols listed in panel A are also used in panels B and C. (A) Percent specific lysis over time of DiO-labeled CHO/huCEA target cells
incubated with CD3-enriched human T cells and the indicated concentrations of MEDI-565 or control BiTE� antibody construct. (B) Activation of CD8C T
cells over time as measured by upregulation of the T cell activation markers CD69 or CD25, at the indicated concentrations of MEDI-565 or control BiTE�

antibody construct. (C) Secretion of cytokines, as indicated, into cell culture supernatants over time.
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a CEA-specific manner and concurrently with poly adenosine
ribose polymerase (PARP) cleavage (Fig. S1). T cells activated by
MEDI-565 did not eliminate target cells in the presence of ethyl-
enediaminetetraacetic acid (EDTA) demonstrating the need for
extracellular calcium to allow the process to occur (data not
shown). The addition of the pan-caspase inhibitors Z-VAD-
FMK and Q-VD-OPh blocked pro-caspase cleavage in target
cells (data not shown) suggesting that T‑cell killing mediated by
MEDI-565 occurs through apoptosis.

MEDI-565 mediates the T cell killing of CEA-positive
tumor cells independently of mutational status

We next asked the question of whether individual or combi-
nations of somatic mutations may affect the activity of MEDI-
565 directed T cell killing of cancer cell lines. The cytotoxic
activity of T cells directed by MEDI-565 against human cancer
cell lines that were wild-type or mutant for key oncogenes and
tumor suppressor genes was assessed by using a panel of 12 cancer
cells lines that either lacked or possessed individual or combina-
tions of somatic mutations in genes commonly found in

colorectal cancer and known to mediate drug resistance (Table 1).
For example, these tumor cell lines contain mutated KRAS and
BRAF oncogenes, loss of PTEN expression and activating
PI3KCA mutations that limit growth inhibition and clinical
response by antagonist anti-EGFR antibodies including cetuxi-
mab5,6,10 and mutated TP53 associated with reduced drug activ-
ity9 and interference with apoptosis.20 MEDI-565 induced T cell
lysis of all cancer cell lines regardless of the gene mutation status
(Table 1; Fig S2). The mean potency (EC50 concentrations) of
MEDI-565 activity was 29§ 20 ng/mL against the non-mutated
MKN45 cell line and ranged from a mean of 3.5 ng/mL to
220 ng/mL against the panel of cancer cell lines with mutations
in key oncogenes and tumor suppressors (Table 1). MEDI-565
was most active against ASPC-1, BT474, BXPC3 and LS174T
cell lines; each harbored unique individual or combinations of
mutated genes. MEDI-565 was least active against the HPAF II
cell line (mean of 200 ng/mL) that possessed a KRAS and TP53
mutation. Overall, no trend or association was identified that
related potency of MEDI-565 with an individual mutation or
combinations of mutations commonly found in colorectal

Figure 4.MEDI-565 induced T cell lysis of human cancer cell lines derived from various tissues. Activity of MEDI-565 (&) or control BiTE� antibody (&) at
the indicated concentrations to induce T cell killing of colon (LS174T, HT-29), stomach (MKN45) pancreatic (HPAC), and gastric (MKN45), pancreas (HPAC,
HPAF II, BxPC3, ASPC-1, Pan08), lung (H727, A549), prostate (PC3) and breast (BT474) cancer cell lines after 42 hours in culture. RLU, Relative Light Units
from caspase 3/7 assay;% lysis, lysis of tumor cells as determined by flow cytometry-based cytotoxicity assay. Error bars show the SEM.
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adenocarcinomas using this set of tumor cell lines. These results
support the hypothesis that mutations in KRAS, BRAF, PTEN,
PI3KCA, and TP53 may have limited impact on the ability of
MEDI-565 to induce T cell killing of cancer cells in vitro.

Activity of MEDI-565 in KRAS pathway/TP53 non-
mutated and mutated xenograft mouse models

The KRAS pathway and TP53 non-mutated gastric cancer
line MKN45 and the mutated cell lines LS174T (colon), HT-29
(colon), HPAC (pancreas), HPAF II (pancreas) and H727 (lung)
all express CEA and were used to establish xenograft tumor mod-
els in immunodeficient SCID mice. In addition, the HeyA8
(ovary) cell line that lacks expression of CEA was used as a con-
trol model in the mouse studies. Human T cells were adminis-
tered to mice in the form of unstimulated PBMCs enriched for
CD3C T cells combined with the respective tumor cells at the
indicated ratios before injection. Human PBMCs enriched for
CD3C T cells did not significantly affect the outgrowth of each

tumor line in the absence of MEDI-565 (Fig. 5). Similarly,
administration of the vehicle alone (PBS) or the control BiTE�

antibody construct at 20 mg/dose/mouse for 5 d did not signifi-
cantly inhibit growth of the human tumor cells in any of the
mouse xenograft models. However, the control BiTE� antibody
construct did produce noticeable (but not statistically significant)
tumor growth reduction in the LS174T model (Fig. 5A and 5B),
and may represent a degree of non-specific activity of the anti-
CD3 arm of the control BiTE� antibody construct in these
experiments.

MEDI-565 was intravenously administered daily for 5 days to
tumor-bearing mice and significantly inhibited the growth of the
KRAS/PI3KCA mutant LS174T (CEA-positive; injected into
the right hind flank) cancer cells by up to 95% as compared to
the vehicle control group; in contrast, administration of MEDI-
565 did not inhibit the growth of HeyA8 (lacks CEA expression;
injected into the left hind flank) cancer cells (Fig. 5A). All dose
levels (20, 5 and 1 mg/dose/mouse) of MEDI-565 administered

Figure 5. Antitumor activity of MEDI-565 in human tumor xenograft mouse models. (A) Mean tumor volume of Kras and PI3KCA mutant LS174T colon
(CEA positive) or HeyA8 ovarian (CEA negative) tumor cells engrafted with human T cells in SCID mice and treated daily with PBS, MEDI-565 or control
BiTE� antibody, as indicated (arrows) for 5 days. (B) Activity of MEDI-565 administered by the IV or SC routes of administration in mice engrafted with
LS174T cells and human T cells. (C) Mean tumor volume of Kras, BRAF, PI3KCA and/or TP53 mutant tumors (HT-29, H727, HPAC, HPAF II) and wild-type
(MKN45) tumors engrafted with human T cells. Error bars represent SEM. Arrows indicate study days when mice were administered test article. *, p <

0.05, Mann-Whitney rank sum test.
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to the mice significantly inhibited growth of LS174T cells. Addi-
tionally, tumor growth in the LS174T xenograft mouse model
was significantly inhibited up to 99% and 98% by MEDI-565
administered either IV (t1/2 of 4–6 hours) or SC (t1/2 of 4–
6 hours), respectively, as compared to the vehicle control groups
(Fig. 5B). These results indicated that the in vivo activity of
MEDI-565 required the expression of CEA by cancer cells and
was independent of the route of administration.

In addition, IV administration of MEDI-565 in HPAC
(KRAS mutant), HPAF II (KRAS/TP53 mutant), H727
(KRAS/TP53 mutant), HT29 (BRAF/PI3KCA/TP53 mutant)
and MKN45 (wild-type) xenograft models inhibited tumor
growth by as much as 72% (HPAC), 78% (HPAF II), 53%
(H727), 58% (HT-29) and 52% (MKN45), compared to the
control group (Fig. 5C). Inhibition of tumor growth by
MEDI-565 was dependent on the addition of T cells to the
engraftment in the HPAC, HPAF II, HT29 and MKN45
models. Together, these in vivo studies demonstrate that the
anti-cancer activity of MEDI-565 was dependent on the pres-
ence of T cells in the engraftment but independent of the
mutational status of KRAS, BRAF, PTEN, PI3KCA and
TP53 for the tumor cell lines tested.

Discussion

The non-polarized expression of CEA on human tumors rep-
resents an attractive target for the re-directed T-cell lysis of tumor
cells mediated by BiTE� antibody constructs. We have shown
that the CEA-specific BiTE� antibody MEDI-565 bound with
relatively high frequency to primary human tumors that have a
high prevalence of CEA-expression, including tumors of the
colon, pancreas, stomach, esophagus, lung, and breast, as well as
with a lower frequency to ovarian, prostate, and hepatocellular
carcinomas. MEDI-565 demonstrated potent dose-dependent in
vitro killing of tumor cell lines from a similarly diverse origin,
including those derived from human colon, pancreatic, stomach,
lung, breast, and prostate carcinomas. This killing occurred at
relatively low effector-to-target cell ratios. Although immune cells
frequently represent a minor percentage of a total tumor mass,
localized infiltrates of T cells could provide high T cell-to-tumor
cell ratios focally within a tumor.71 These infiltrates, together
with the rapid, potent, and serial killing mechanism mediated by
BiTE� antibody constructs,35 represent an effective means by
which MEDI-565 may eliminate CEA-expressing tumors.
Indeed, this is supported by our finding that human T cells from
healthy donors can mediate CEA-dependent inhibition of tumor
growth in immunocompromised mice at relatively low effector-
to-target ratios.

CEA is enzymatically shed from tumor cells into the blood of
patients with CEA-positive tumors,57 and represents a potential
sink for antibody therapies targeting CEA, including MEDI-
565. Although sCEA competitively inhibited binding of MEDI-
565 to surface CEA, MEDI-565 was still able to kill tumor cells
in vitro in a manner that was insensitive to soluble CEA at con-
centrations (5 mg/mL) that are above those typically found in the

plasma of cancer patients,68,69 and in vivo in animals bearing
human tumors expressing and shedding CEA. This suggests that
CEA shed into the blood of cancer patients or into the local
tumor microenvironment may not represent a significant phar-
macological sink that would negatively affect the activity of
MEDI-565. While the lack of inhibition of MEDI-565 activity
in the presence of sCEA may be a particular advantage for target-
ing tumor cells expressing CEA, the basis for this observation is
not yet understood and remains under investigation.

While diverse mutations of colorectal cancer did not seem to
impact the activity of MEDI-565, increased surface density of
CEA was associated with an increase in BiTE� antibody concen-
tration required for lysis. In this study, no more than 6 cell lines
were tested with a single T cell donor due to experimental con-
straints. However, the addition of more cell lines to this analysis
could change the experimental results, and this is therefore an
area of ongoing study. The findings contrast with the data for
BiTE� antibody constructs directed against target antigens
EphA272 or PSMA,73 where the EC50 values decreased as target
expression increased. The basis for this conundrum is currently
not understood and requires future analysis. We consider it
unlikely that an increased amount of shed CEA in higher express-
ing cells is neutralizing MEDI-565 activity as this BiTE� anti-
body construct was selected based on its insensitivity toward
soluble CEA.63 Another explanation could be that higher
surface density of CEA may hinder synapse formation by cyto-
toxic T cells, which could provide an explanation why certain
cancer cells retain high level expression. The limitation of surface
antigen expression has been overcome with other BiTE� anti-
body constructs when longer duration (96 hour) experiments
were evaluated.74 While there may be some threshold level of
expression that is required for pharmacologic activity,
further pharmacodynamic evaluation of efficacy relationships
may be quite variable, and its applicability to clinical activity is
unknown.

Factors other than the surface antigen density may also con-
tribute to the differential sensitivity of tumor cells to MEDI-565
mediated killing. However, this is likely not mediated by consti-
tutive activation of the PI3K/AKT axis, the RAS/RAF pathway
or TP53, each having well characterized anti-apoptotic cellular
effects.9,75,76 For example, KRAS or BRAF mutant cell lines
were killed with similar potency by MEDI-565 as compared to
cell lines harboring wild-type KRAS or BRAF. Similarly findings
with a BiTE� antibody construct targeting EGFR 77 suggest that
the mechanism of action of BiTE� antibody constructs in general
may be effective in eliminating tumors harboring mutations of
the ras signal transduction pathway. This observation may have
clinical significance for MEDI-565, especially in the treatment of
patients with metastatic colorectal cancer where tumors bearing
KRAS or BRAF mutations have been associated with reduced
response rates to treatment with the EGFR-targeting monoclonal
antibodies cetuximab and panitumumab. 4,5,12-14 Thus, although
EGFR antibody-targeting therapy frequently encounters lower
response rates in metastatic colorectal cancer patients harboring
these mutations, the patients may respond to MEDI-565
treatment.
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In addition to KRAS and BRAF mutations, MEDI-565 acti-
vates T cells to readily kill cancer cell lines harboring mutations
in PI3KCA (gain of function) and PTEN (loss of function) that
constitutively activate anti-apoptotic effects of the PI3K/AKT
signaling pathway.76 These mutations promote cancer cell
growth and survival, and did not reduce the apoptotic signaling
events and direct killing activity of MEDI-565 and T cells. The
clinical significance of this observation in the context of colorectal
cancer patients is unclear as conflicting reports suggest that
patients with PIK3CA and PTEN mutations are likely78,79 or
unlikely10,80 to respond to targeted therapy alone or with
chemotherapy.

The mutational status of TP53 in a limited set of cancer cell
lines did not affect the potency of MEDI-565 to induce T cell
killing of cancer cell lines. However, the results of several studies
suggest that the mutational status of TP53 may modulate the
response of cancers to molecularly targeted agents, even if the
agents are not designed to target the TP53 pathway directly.22

For example, mutant TP53 is a predictor of better clinical out-
come in patients with chemotherapy-refractory metastatic colo-
rectal cancer treated with cetuximab.81 These observations
suggest that molecular genotyping of tumors may yield molecular
profiles that are useful for stratification and selection of patients
who will benefit from targeted therapies, and may ultimately
prove useful for selection of patients that receive BiTE� antibody
therapies.

In summary, MEDI-565 represents a novel, potent thera-
peutic that appears to circumvent numerous tumor and
immune escape mechanisms. These include mutation status
in key tumor oncogenes and tumor suppressor genes as well
as tumor immune evasion through MHC loss, peptide proc-
essing and presentation defects, and deactivation of T cell sig-
naling through T cell exhaustion pathways. Loss of CEA
expression by tumor cells remains a potential escape mecha-
nism; loss of a tumor antigen remains a potential limitation
for any therapy targeting tumor-associated proteins. As
MEDI-565 has entered clinical testing in patients with gas-
trointestinal malignancies, the potential benefit of this T cell
redirected therapy will now be evaluated directly in patients
with advanced malignancies.

Materials and Methods

Construction of MEDI-565
The construction of BiTE� antibody constructs specific for

CEA and CD3 have been described.63 Briefly, a humanized
CEACAM5-specific scFv fragment of A5B765 was fused via a
short peptide linker to a de-immunized human CD3-specific
scFv66 derived from the murine monoclonal antibody L2K 67 in
the orientation anti-human CEACAM5 VH-VL-glycine/serine
linker-anti-human CD3 VH-VL. MEDI-565 was selected from
a panel of these BiTE� antibody constructs, produced in CHO
cells and affinity purified via a 6X histidine tag at the C-terminal
end of the antibody.

Cell lines and reagents
All cell lines were obtained from the American Type Culture

Collection and cultured in humidified chambers at 37�C and 5%
CO2. All cells were cultured in media and fetal bovine serum
(FBS, catalog #16140089) purchased from Life Technologies.
BT474, H727, BxPC3, PAN0813, PC3, and MKN45 cells were
cultured in RPMI 1640 (catalog #11875119) plus 10% FBS;
LS174T and HPAF II in MEM L-glutamine (catalog #11095-
080) plus 10% FBS; A549 and ASPC-1 in DMEM (catalog
#11966025) plus 10% FBS; HPAC in a 50:50 mixture of
DMEM and Ham’s F12 (catalog #11320082) plus 10% FBS;
HT-29 in McCoy’s 5A modified medium (catalog #16600108)
plus 10% FBS. Propidium iodide (PI) was purchased from
Sigma-Aldrich (catalog #P4864). Soluble CEA derived from a
human colon carcinoma cell line was obtained from Abcam (cat-
alog #ab742). MEDI-565 and control BiTE� antibody construct
(bispecific monoclonal antibody with the same C-terminal CD3
binding scFv as MEDI-565 but with an irrelevant N-terminal
scFv that binds the herbicide mecroprop) were produced as
described.63

Flow cytometry-based binding studies
A total of 2.5£ 105 cells, including CHO cell lines or human

peripheral blood mononuclear cells (PBMCs) enriched for
CD3C T cells, were suspended in phosphate-buffered saline,
pH7.2 (PBS; Life Technologies, catalog #20012027) C 2% FBS
and seeded into each well of 96‑well non-tissue culture treated
plates (VWR, catalog #29445-154). Each cell type was incubated
with MEDI-565 or control BiTE� antibody construct in PBS C
2% FBS buffer in triplicate for 1 hour at 4�C in a total volume
of 100 mL. After the incubation, the cells were washed 3-times
with cold PBS C 2% FBS. Cells were subsequently incubated
with 10 mg/mL PI (to exclude nonviable cells from analyses) and
Alexa Fluor�488-conjugated mouse anti-penta-His antibodies
(Qiagen, catalog #35310) for 1 hour at 4�C to detect each
BiTE� antibody construct bound to cells. After 2 washes in cold
PBS C 2% FBS, the cells were analyzed using a LSRII flow
cytometer (Becton Dickinson) and FACSDiva software (Becton
Dickinson). Fluorescence intensity of Alexa Fluor�488-conju-
gated mouse anti-penta-His antibodies bound to BiTE� antibod-
ies on viable cells was determined by analysis of acquired data
using FlowJo Software (TreeStar). Apparent dissociation equilib-
rium constant (Kd) values for MEDI-565 binding to human
CEA (n D 3 experiments) and CD3e (n D 3 experiments) were
calculated from MEDI-565 binding curves in GraphPad Prism
software for Windows, version 5.01, using non-linear regression
analysis for single site binding.

Immunohistochemistry
Experiments were conducted at a dose of 5 mg/mL MEDI-

565 in frozen multi-tumor human tissue micro arrays (TMA;
TriStar, Inc.); one frozen pancreatic tumor TMA (TriStar, Inc.);
20 frozen esophageal specimens; one FFPE gastric cancer TMA;
and one FFPE hepatocellular carcinoma TMA. Each TMA was
prepared from individual tissue samples by AstraZeneca’s Inno-
vative Center China based in Shanghai, China. The panel of
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human cancerous tissues used as the test system included a 119
core multi-tumor TMA representative of 10 of the most frequent
cancers (10 lung, 10 breast, 10 prostatic, 10 head and neck, 10
liver, 10 kidney, 10 pancreatic, 10 colonic, 9 ovarian, 10 mela-
noma and normal tissues consisting of 2 normal colon, 2 normal
ovary, 2 normal breast, 2 normal lung, 2 normal prostate); a pan-
creatic tumor TMA that included 10 human pancreatic cancers
and 5 normal pancreatic specimens; 17 esophageal carcinomas,
esophageal mucosa from 3 normal donors; a gastric cancer FFPE
TMA that includes 67 gastric carcinomas and gastric mucosa
from 15 normal donors; and a liver cancer FFPE TMA that
includes 76 hepatocellular carcinomas (HCC) and normal liver
from 15 donors.

Tissue sections were stained using a Dako Autostainer (Dako
North America). Briefly, after general protein blocking and
blocking of endogenous peroxidases, sections were incubated
with 1 mg/mL MEDI-565 or control BiTE� antibody construct.
Bound primary antibody was detected using mouse anti-hexahis-
tidine tag secondary antibody (Calbiochem/EMDMillipore Cor-
poration, catalog #05-531) followed by Dako envision C dual
link polymer and diaminobenzidine (DAB) colorimetric reagent
(Dako, catalog #s K4061 and K400611). Tissues were counter-
stained with hematoxylin prior to mounting. Immunohistochem-
ical staining was graded as: § equivocal), 1C (weak), 2C
(moderate), 3C (strong), 4C (intense), or negative by an experi-
enced pathologist. Cells within a tissue section were considered
positive for MEDI-565 binding if receiving a score of moderate,
strong, or intense.

Isolation of human T cells
PBMC enriched for CD3C T cells were isolated by the addi-

tion of 1 mL RosetteSep T-cell enrichment cocktail (Stem Cell
Technologies, catalog #15061) per 20 mL of whole blood, fol-
lowed by a 20-minute incubation, and subsequent T cell isola-
tion by density gradient centrifugation using RosetteSep DM-L
density medium (Stem Cell Technologies, catalog #15705). After
centrifugation, the cells were washed 3 times with PBS contain-
ing 2% FBS and subsequently suspended in RPMI-1640
medium supplemented with 10% FBS.

Cytotoxicity assays
T cells (PBMC enriched for CD3C cells) and target (CHO or

tumor) cell lines were incubated with MEDI-565 in RPMI-1640
plus 10% FBS, and T cell activation and killing of target cells
was subsequently determined by either flow cytometry or by the
measurement of caspase 3 released into cell culture media. To
distinguish target cells from effector CD3C T cells during flow
cytometry, the green fluorescent membrane dye 3,30-dioctadecy-
loxacarbocyanine (Vybrant DiO; Life Technologies, catalog
#V22889) was incubated with target cells for 5 minutes at 37�C
for integration of the dye into the plasma membrane. Dyed target
cells were mixed with effector cells at an effector-to-target (E:T)
ratio of 5:1 (or as indicated in the text), seeded into non-tissue
culture treated 96-well plates and then cultured at 37�C in an
atmosphere of 5% CO2 for various periods of time. T cell activa-
tion was measured by flow cytometry by monitoring the

up-regulation of CD25 (IL2 receptor a chain) or CD69. CD8-
positive T cells were incubated with a PECy7-conjugated mouse
anti-human CD8 antibody (BD Biosciences, catalog #557750)
combined with an APC-conjugated anti-human CD25 monoclo-
nal antibody (eBioscience, catalog #555434) or a PE-conjugated
anti-human CD69 monoclonal antibody (BD Biosciences, cata-
log #557050). The release of cytokines into cell culture
supernatants was measured using a cytokine-specific electroche-
miluminescent-based assay (Mesoscale Discovery, catalog
#K15010A-4). Cell viability was measured during flow cytome-
try by the cellular uptake of PI by non-viable cells. The specific
activity of MEDI-565 was defined as the percentage of PI-posi-
tive cells among total DiO labeled cells, subtracted for back-
ground levels of non-viable cells among cells incubated with T
cells in the absence of MEDI-565. FACSDiva software (Becton
Dickinson) was used to acquire flow cytometry events and
FlowJo software (Treestar, Inc.) for flow cytometry data analysis.
Alternatively, the viability of non-labeled cells was determined by
measurement of total caspase 3 released into cell culture media
by lysed cells using an electrochemiluminescence-based assay
(MesoScale Discovery, catalog #K151CFD-3). Total caspase 3
levels in the culture medium were represented as relative light
units (RLU). Graphical and statistical analyses of experimental
data were performed using GraphPad Prism software, version
5.01 (Graphpad Software, Inc.). Sigmoidal dose-response curves
typically had r2 values > 0.90, and calculated half-maximal effec-
tive concentrations (EC50) were used for comparison of bioactiv-
ity. Parallel studies using the same T cells with targets cells
amenable to both flow cytometry and total caspase 3 readouts,
demonstrated that EC50 values were comparable but the percent
specific lysis was not (data not shown). Therefore, RLU values
were not converted to a percent specific lysis.

Determination of CEA antigen binding sites on human
tumor cell lines

QIFIKIT� (Dako North America, Inc., catalog #K0078) was
used to quantitatively determine the number of CEA determi-
nants on the surface of cells. CEA surface density was determined
using linear regression analysis of a flow-cytometry based readout
of an anti-CEA antibody (IgG1 antibody consisting of 2 CEA-
specific scFv domains derived from the CEA-specific scFv used to
construct MEDI-565) bound to the cell surface of cancer cell
lines and to control beads for determination of a standard curve.

Measurement of granzyme B and perforin in cell culture
supernatants and cleaved poly-adenosine diphosphate ribose
polymerase (PARP) in cell lysates

Human PBMC enriched for CD3C T cells isolated from
healthy donors and CHO/huCEA target cells were incubated at
an E:T ratio of 10:1 with increasing concentrations of MEDI-
565 or control BiTE� antibody construct. The presence of gran-
zyme B and perforin in supernatants and cleaved PARP protein
in target cell lysates after 72 hours of incubation was determined
by ELISA for granzyme B (Diaclone SAS, catalog #850.790.096)
and perforin (Diaclone SAS, catalog #850.860.096), and by the
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BD OptEIA set for human cleaved PARP (BD Biosciences, cata-
log #552592).

Xenograft tumor models in SCID mice
Four to 6 week old female CB-17 severe combined immuno-

deficient (SCID) mice (Taconic Farms, Inc.) used for efficacy
models were housed in an Association for Animal Accreditation
of Laboratory Animal Care-accredited and U.S. Department of
Agriculture-licensed facility under sterile and standardized envi-
ronmental conditions (20 § 1�C room temperature, 50 §10%
relative humidity, and 12 hour light-dark cycle). Mice received
autoclaved food and bedding, and acidified drinking water ad
libitum. SCID mice were treated weekly with intraperitoneally
administered rabbit anti-sialo GM1 antibody to deplete NK cells.
Human tumor cell lines were harvested from cell culture by tryp-
sinization, washed once with PBS, resuspended in PBS, and
mixed with freshly isolated human PBMC enriched for CD3C
T cells from healthy donors. Cell suspensions of 1 to 2.5 £ 106

tumor cells admixed with human T cells were injected in a total
volume of 0.2 mL/mouse. The ratios of implanted effector T
cells to tumor cells were as follows: LS174T and HeyA8, 1:2
(Fig. 5A); LS174T 1:2 (Fig. 5B); HT-29; MKN, 1.7:1; H727,
1.5:1; HPAC, 1:1; HPAFII, 1:1 (Fig. 5C). MEDI-565, control
BiTE� antibody construct, or PBS test articles at the indicated
doses were administered intravenously (IV) or subcutaneously
(SC) one hour after tumor cell/PBMC injection, and subse-
quently each day over the following 4 d for a total of 5 treat-
ments. Tumor growth was measured with calipers in
2 perpendicular dimensions, and tumor volume (mm3) was cal-
culated using the formula (width2 £ length)/2. All data points
were reported as the arithmetic mean § SEM for each group.
Anti-cancer effect, expressed as a percent tumor growth

inhibition (TGI), was calculated using the formula (1 - [mean
tumor volume of treatment group] ÷ [mean tumor volume of
control group]) £ 100.

Statistical analyses
The Mann-Whitney rank sum test was used to determine sta-

tistically significant differences between treatment groups for in
vivo efficacy models. The coefficient of determination (r2), calcu-
lated from Pearson’s correlation coefficient (r), was used to assess
the correlation between MEDI-565 binding sites and EC50 val-
ues for cytotoxicity assays using 6 cell lines with the same 3 inde-
pendent T cell donors.
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