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Abstract: We are accruing patients to a Phase | dose escalation cellular therapy trial (www.clinicaltrials.gov,
NCT01144247) involving intratumoral placement of alloreactive cytotoxic T lymphocytes (alloCTL) for recurrent glio-
mas. The trial is being conducted to confirm the findings of a prior pilot study that indicated this adjuvant therapy
may be beneficial in extending survival of recurrent WHO grade Il gliomas. To reduce costs of the cellular therapy, we
tested a number of synthetic tissue culture media and found the AIM-V growth medium superior for their growth. We
also moved the production of the alloCTL from artificial capillary systems to less expensive tissue culture bags. To
standardize alloCTL infusates used for therapy, release criteria of 260% CD3+ and >60% viability were established
that consistently translated to a 4 hr cytotoxicity of 230% at a 30:1 effector to target ratio. To allow time for comple-
tion of quality control testing and transport to the infusion site, we determined that 30,000 IU of human recombinant
Interleukin-2 in the cellular infusates sufficiently retained cell viability and cytotoxicity to allow a 10 hr expiration time
to be placed on the infusates. We identified a cytotoxic T cell subset, CD3+/CD8+/CD69+, that demonstrated
upregulated IFN-y production upon exposure to relevant target cells. The phenotypic identification of this T cell subset
was indicative of robust in vitro cytotoxic function and thus will be followed to determine if it correlates with patient
immune response to treatment. Finally, other therapeutic agents routinely used for glioma treatment were integrated
into an analysis of alloCTL cytotoxic functionality. Temozolomide and bevacizumab do not adversely affect cytotoxic
function of the alloCTL in the short-term, thus providing rationale for further investigating combinatorial chemo-
immunotherapy for gliomas.
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Introduction

Gliomas are the most common primary malig-
nant brain tumor in adults [1]. Gliomas exhibit
focal solid tumor growth, yet infiltrate exten-
sively into surrounding normal brain tissue,
making their complete removal by surgery im-
possible. While improvements to conventional
radio-chemotherapy have occurred, these brain
tumors still quickly progress, are debilitating
and ultimately lethal. With these treatments the
median survival of glioma patients increases
modestly [2, 3]. This establishes a firm rationale
for introducing novel experimental immune

therapies early. Although patient enrollment
numbers are small, documentation from small
Phase | or Il trials is available that indicates re-
markable individual responses using ap-
proaches entailing passive cellular therapy or
active immunotherapy with vaccines [4].

Alloreactive CTL (alloCTL), sensitized to the hu-
man leukocyte antigens (HLA) of the tumor-
bearing host, demonstrated in vitro and in vivo
promise in preclinical glioma model studies [5-
9]. Also, safety and encouraging clinical results
were documented in recurrent glioma patients
receiving multiple intratumoral infusions of
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alloCTL made by one-way mixed lymphocyte
reactions (MLR) that were derived from different
donors at each treatment cycle [10, 11]. In the
pilot study, expense of the cellular therapy was
minimized by purchase of waste leucopaks from
apheresis procedures used for platelet collec-
tion; their growth was optimized in artificial cap-
illary systems [12]. The cellular therapy ap-
proach was based upon the observation that
HLA expression is largely absent on normal
brain neuroglia [13-15] but is present on brain
tumor cells [15-17]. Thus, intralesionally-placed
alloCTL should largely exert their effector func-
tion to tumor cells displaying HLA. While collat-
eral damage to HLA-expressing microglia is pos-
sible from the instilled alloCTL, these cells
should be capable of repopulating in the brain,
and damage to HLA-expressing endothelial cells
may engender beneficial effects by adversely
affecting tumor vasculature [18].

The preclinical studies described herein sup-
ported reactivation of IND BB 5423 with the
Food and Drug Administration and were per-
formed to answer questions from the Institu-
tional Review Board. The findings impacted the
generation methods used for alloCTL produc-
tion, our clinical implementation of growth fac-
tor amounts to the infusates, the latter of which
may reduce patient toxicity to the infusates, and
supported the expiration time placed on the
infusates. Also, we identified a phenotypic cyto-
toxic subset that is upregulated and produces
IFN-y upon exposure to relevant target cells in
vitro; it will be correlated with immune monitor-
ing results and patient response to treatment.
Finally, our data support the noninterference of
other commonly used treatment agents, temo-
zolomide and bevacizumab, that might later be
given in parallel with adoptively transferred
alloCTL. It is commonplace for newly diagnosed
glioblastoma patients to continue receiving oral
temozolomide after completion of radiotherapy
[3]. Also, at relapse glioma patients are gener-
ally given bevacizumab, an antibody directed to
vascular endothelial growth factor (VEGF) [19].
Temozolomide is an inhibitor of a DNA repair
enzyme, methyl guanine, methyltransferase
[20], and anti-VEGF is an anti-angiogenesis
agent [19]. Thus, the anti-tumor mechanism of
both these agents might be anticipated to be
independent of that from CTL. If alloCTL re-
tained anti-tumor functionality in the presence
of these two therapeutic agents, combinatorial
therapy might be possible.
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Materials and methods
Glioma cell culture and characterization

Human glioma cell line U-87MG was derived
from a glioblastoma patient; it was grown in
Dulbecco’s modified Eagles medium (DMEM)
with 10% fetal bovine serum (FBS; Gemini-
Bioproducts, Woodland, CA). The human 13-06-
MG cell line that was derived from a glioblas-
toma surgical specimen obtained from a patient
at initial diagnosis, was processed and the cells
were established in culture according to meth-
ods developed in our laboratory [21, 22]. The
glioma cell lines (13-06-MG and U-87MG) have
been characterized [15, 17, 22-24]. Class | and
Il HLA display was determined by flow cytomet-
ric analysis using FITC-conjugated mouse anti-
human HLA-ABC (eBioscience, San Diego, CA)
and mouse anti human PerCP-conjugated HLA-
DR (BD Bioscience, San Diego, CA). The percent-
age of positive cells and the relative antigen
density indicated by median fluorescence inten-
sity (MFI) were determined using FlowJo flow
cytometric analysis software (Tree Star, Ash-
land, OR) [15]. The specific HLA-AB type deter-
mined by serological HLA typing for 13-06-MG
cells was A1,2 and B44,57 and for U-87MG was
A2 and B44.

Isolation of peripheral blood mononuclear cells
(PBMC) and generation of alloCTL enriched cul-
tures by one-way MLR

Whole blood was collected in heparinized tubes
from normal donors as a source of PBMC under
a UCLA IRB-approved protocol. Heparinized
whole blood was diluted 1:1 (v/v) in phosphate
buffered saline (PBS) without calcium or magne-
sium (Life Technologies Inc., Gaithersburg, MD).
The PBMC, a source of responder (R) or stimula-
tor (S) lymphocytes, were isolated by density
gradient (Lymphocyte Separation Media, Medi-
atech Inc., Manassas, VA) centrifugation and
washed twice with PBS as described [12].
Stimulator lymphocytes were expanded with
OKT3 and IL-2 in Lifecell tissue culture bags
(Miltenyi Biotec, Inc., San Francisco, CA; former
designation by Baxter Healthcare, Deerfield, IL
was IL-PL732 tissue culture flasks) [12]. Har-
vested stimulator cells were cryopreserved in
AIM-V medium mixed 1:1 (v/v) with human se-
rum albumin containing 15% dimethyl sulfoxide.
For inactivation we used either 127Cs or X-Ray
sources. Unless detailed otherwise, the stimula-
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tor lymphocytes were resuspended at room tem-
perature before their inactivation by an experi-
mental X-ray irradiator (Gulmay Medical Inc.
Atlanta, GA) at a dose rate of 2.789 Gy/min for
the time required to apply a dose of 20 Gy
(2000 rads). They were then washed twice more
before combining them with responder PBMC
(aka precursor alloCTL) at a R:S ratio of 10:1.
The cell mixtures were placed into synthetic
medium (AIM-V, unless specified) containing 5%
serum and 60 IU interleukin-2 (IL-2)/ml
(Proleukin, Novartis, San Carlos, CA). Again, the
R:S lymphocyte mixtures were placed into tissue
culture bags. Growth was monitored daily by
taking measurements of lactic acid concentra-
tion (2300 STAT Plus, YSI Inc., Yellow Springs,
Ohio). Plots of the rate of lactate production
were extrapolated to determine medium feed-
ings by keeping them optimally at a lactate con-
centration between 0.5-0.7 gm/liter [12]. At or
about day 14 post-MLR, alloCTL cultures were
exposed to relevant or partially-relevant glioma
cells or lymphoblasts. The viability and cell num-
bers of the cultures were determined by trypan
blue dye exclusion by counting on a hemocy-
tometer. In one set of experiments alloCTL to U-
87MG were made by one-way mixed lymphocyte
tumor reaction (MLTR) where the HLA was
upregulated on the stimulator tumor cells by
IFN-y incubation prior to inactivation as detailed
[15].

Anti-tumor functionality assessments of alloCTL

Cytotoxicity Assay. Lytic activity of alloCTL
preparations were assessed at various effector
to target ratios (E:T) by 51Chromium release cy-
totoxicity assays at day 14 post-MLR [10].
Briefly, 5 x 1086 lymphoblast or tumor target
cells, suspended in 0.1 ml of their growth me-
dium, were labeled with 100 pCi Na251CrO4
(Amersham, Park Ridge, IL) for 60 min at 37 °C.
Cells were washed twice with HBSS and sus-
pended in AIM-V growth medium. In a final vol-
ume of 0.2 ml, 6 x 104 cells were placed into 96
-well round-bottom microtitration plate wells
that contained different concentrations of al-
[oCTL. In blocking assays, neat conditioned me-
dium from the W6/32 hybridoma making anti-
HLA-ABC was also placed into wells containing
the effectors and targets. In other experiments,
temozolomide (15 uM, aka Temodar®, Schering
-Plough, Berkeley Heights, NJ) was placed into
the glioma cell target medium 12 hr prior to
assay and as well was in the cytotoxicity assay
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medium. The plates were centrifuged at 200 x g
for 5 min and then incubated for 4 hr at 37°C,
in a humidified, 5% CO2 atmosphere. Following
centrifugation at 200 x g for 10 min, 50% of the
well volume was harvested and counted. Maxi-
mal release was produced by incubation of the
targets with 0.1 M HCI. Spontaneous release
was the radioactivity as cpm of targets in assay
medium alone. The percentage specific release
was calculated by the formula: [(51Crexperimental -
51Crspontaneous) / (5 Cfmaximal - 51Crspontaneous)] X
100%. Data are given as the mean specific re-
lease of triplicate wells, provided that the stan-
dard error did not exceed 10% and the specific
release was greater than 10%.

7-Amino Actinomycin D (7AAD) Cell Injury Assay.
Tumor cell injury was detected by 7AAD incorpo-
ration. Glioma cells were seeded into 6-well
plates and cultured for 48 hr before labeling for
1 hr with 0.25 mM carboxyfluorescein suc-
cinimidyl ester (CFSE) in PBS following manufac-
turer instruction (Molecular Probes, Eugene OR).
Bevacizumab (0.1 mg/ml, aka Avastin®, Genen-
tech, So San Francisco, CA) or neat-conditioned
medium from the hybridoma W6/32 producing
anti-HLA, ABC was added to the assay medium
right before the start of the 4 hr assay. AlloCTL
effectors were added to the wells at various E:T
ratios. After coincubation, adherent and nonad-
herent cells were collected from each well. The
collected cells were centrifuged at 200 x g for 5
min and incubated in 100 yL of 7AAD (20 g/
mL, Sigma) in PBS for 20 min at 4°C. The per-
centages of CFSE-labeled glioma cells within the
segregated live, apoptotic, and late apoptotic/
necrotic populations on scattergrams were de-
termined as previously described [25] and plot-
ted by bar diagram as the percentage of cells
contained within the 3 segregated areas.

Phenotypic Analysis and Cytokine Production.
The BD Fast Immune Kit contains antibodies
with various fluorescent probes: surface mark-
ers for CD3-APC, CD8-PercP Cyb5.5, CD69-PE
and also provides for intracellular interferon-y
(IFNy-FITC) determination. Labeling was per-
formed according to manufacturer instruction
and analyses were performed on a LSR Il ana-
Iytic flow cytometer.

Statistical analyses

Statistical analyses were obtained using Graph-
Pad Prism software (version 4, GraphPad Soft-
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Figure 1. Growth and cytolytic effector function of alloCTL cultured in three synthetically-defined growth media. A)
Lactate concentration (mg/L; closed symbols) was measured from medium aliquots taken from alloCTL cultures
grown in Aim-V, Invitrus, or CellGro Free (diamonds, circles, and triangles, respectively) and the rate of lactate produc-
tion (mg/day; open symbols) determined and plotted. B) Stimulator lymphoblast cytolysis by alloCTL grown in Aim-V
or Invitrus media at various effector to target (E:T) ratios tested on day 13 post one-way MLR. Data are the mean of

triplicate wells + SEM.

ware, San Diego, CA). p values of <0.05 were
considered significant when determined by
ANOVA.

Results

Testing growth of alloCTL in synthetic media
and in tissue culture bags

We tested three synthetically-defined growth
mediums commercially available for serum-free
culture of lymphoid cells to determine if one
provided for more optimal alloCTL growth. Re-
sponder lymphocytes mixed with inactivated
stimulator lymphocytes (R:S 2 x 107:0.2 x 107
cells) were placed into either AIM-V (Invitrogen,
Carlsbad, CA), Invitrus (Cell Culture Technolo-
gies, LLC, Gravasano, Switzerland), or Cellgro
Free (Mediatech, Manassas, VA) medium. The
cultures were initially supplemented with 5%
serum from the donor supplying the responder
lymphocytes. Representative data are shown
that were obtained from the growth mediums
from the one-way MLRs that were sampled daily
for their lactate concentrations (Figure l1a). A
determination of the rates of lactate production
was also plotted and 24 hr extrapolations of
those values were used to determine feeding
needs. Feedings were with medium without se-
rum to wean the cells to a serum-free state. The
lymphocyte growth was much better in AIM-V
medium compared to that in the Invitrus and
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Cellgro mediums. The Cellgro culture lagged
more so and was discontinued on day 11 post
one-way MLR because of poor viability. The vi-
ability and cell numbers determined at days 11
and 13 post-MLR (Table 1) showed that the AIM
-V medium provided much higher viabilities and
cell numbers making it superior to the other two
growth mediums for alloCTL production. Cyto-
toxic T lymphocyte assays performed at various
effector to target (E:T) ratios on day 13 post one
-way MLR show that alloCTL generated in AIM-V
were functionally better than those grown in
Invitrus (Figure 1b). While all 3 mediums may
suffice for shorterterm LAK cell cultures, the
AIM-V medium proved much more satisfactory
than Invitrus and Cellgro for alloCTL cultures,
which are typically expanded over 2-3 weeks
before clinical administration.

The production of alloCTL for use in the pilot
clinical study was refined in closed artificial cap-
illary systems (Cellco Inc, Gaithersburg, MD)
composed of cellulosic fibers [12]. The systems
are no longer available and similar systems sup-
plied by another company (Fibercell Systems,
Gaithersburg, MD) constructed with polyvinyl
acetate fibers were not found to be acceptable
(data not shown). Fiber absorption of IL-2 from
the medium likely prevented expansion of al-
|oCTL following the one-way MLR (personal com-
munication, John Cadwell, Fibercell Systems).
Lifecell tissue culture bags, previously reported
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Table 1. Choice of synthetic medium affects viability and total number of alloCTL generated following

one-way MLR
Day of culture Media % Viability # of Cells
11 Aim V 78.3 1.3x108

Invitrus 35.6 5.0 x 108

CellGro Free 4.1 3.0x 105
13 Aim V 79.5 1.2 x 108

Invitrus 36.7 6.6 x 108
by other cellular therapy groups generating lym- 80
phokine activated killer (LAK) cells or tumor infil- 70 1 I;ggg
trating lymphocytes (TIL) for clinical application " 60 1 I%éf;g
[26-28], were found to be an appropriate substi- = B
tute for alloCTL generation. However, as the g 401
volume of medium increases in the bags, the = 30
culture conditions become more microaerophilic 20
and generally result in lower cell viabilities. 10 1
Thus, although the bags are less costly, more 0 - - - o
bags are needed for the longer term alloCTL Y

ours

cultures to maintain lower volumes; the alterna-
tive is to harvest the alloCTL a few days earlier
to use for clinical administration.

Radiation Doses for Inactivation of Stimulator
Lymphocytes That Do Not Affect Lysis by Re-
sponder alloCTL

We determined the viabilities of stimulator lym-
phocytes at various times after their exposure to
various doses of irradiation (1700 to 2500
rads). At 24 hr the viabilities for all were suffi-
ciently high at 48-70% to provide for good sensi-
tization. At 48 hr the viabilities were between 12
-34%, and at 72 and 96 hr the viabilities of all
ranged between 12-25% and 10-17%, respec-
tively (Figure 2).

To investigate whether incomplete inactivation
of stimulators (effectively causing a short-lived
two-way MLR) may affect the longer-term lytic
potential of responder alloCTL, we started one-
way MLRs where the stimulators varied in the
dose of radiation received (1700 to 2250 rads).
The cytotoxicities of the alloCTL responder cells
to stimulator target lymphoblasts at two weeks
following the MLRs were tested. Representative
data are shown at 30:1 E:T ratios (Figure 3).
Significantly lower lytic function was obtained
when the stimulators received 2250 rads com-
pared to those receiving 1700, or 1850 rads
(p<0.005 by ANOVA). Therefore, 2000 rads for
inactivation of the stimulators had an accept-
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Figure 2. Viability of stimulator lymphocytes follow-
ing irradiation. Stimulator lymphocytes were inacti-
vated at various doses of irradiation ranging from
1700 to 2500 rads. Cell viabilities were determined
each day for 4 days using trypan blue dye exclusion
microscopic counts of cells. Representative data are
shown that are the mean viabilities from quadrupli-
cate counts.

able viability profile over time to enact sensitiza-
tion, yet not affect long term lytic function, i.e.,
cytotoxicity was not statistically distinct from the
R:S mixtures where the stimulators received a
1700 and 1850 rad dose.

Establishing release criteria and expiration time
of alloCTL infusates

We examined various parameters that impacted
the release of the cultured alloCTL for therapy
and the time required to process, qualify, and
deliver the alloCTL for patient injection. The
precursor alloCTL cultures were phenotyped by
flow cytometry with a fluorescently-labeled CD3
monoclonal antibody to determine if the IL-2
(aka T cell growth factor) in the culture medium
effectively converted the alloCTL culture to pri-
marily a T-cell phenotype over time [10-12]. The
precursor alloCTL preparations generally had an
initial CD3 positivity that ranged from 48 to
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Figure 3. The effects of irradiation dose delivered to
stimulator cells at initiation of one-way MLR to cyto-
toxicity of stimulator target lymphoblasts by alloCTL.
Stimulator cells were inactivated by exposure to a
doses of irradiation ranging between 1700 to 2250
rads and then co-incubated with responder cells to
generate alloCTL. Two weeks later, the cytolytic abil-
ity of the alloCTL preparations were tested using a
51Cr release assay at an E:T ratio of 30:1. Data are
average of duplicate wells + SEM. *p < 0.005 by
ANOVA pairwise comparisons.

74%. At two weeks post-MLR the cultures were
generally 67 to 90% CD3+. We also validated
that alloCTL cultures that exhibit high viability
and CD3+ content also exhibit acceptable cyto-
toxicity. If the viability of the alloCTL infusates is
> 60% and the CD3+ content is also > 60% they
can be released for treatment, since we have
established that alloCTL with these characteris-
tics routinely exhibit injury > 30% to stimulator
lymphoblasts after a 4 hr coincubation with
them at a 30:1 E:T ratio. Establishing release
criteria of > 60% viability and = 60% CD3+ phe-
notypic content was reasonable and helped to
standardize the cellular therapeutic.

Infusates of alloCTL with rIL-2

When alloCTL are harvested, washed and read-
ied for infusion they are placed into Hanks bal-
anced salt solution (HBSS, 2.5 ml) without phe-
nol red. To allow time for testing of release crite-
ria, transport, and completion of quality control
testing, we also add human recombinant IL-2 to
the infusates. In the pilot clinical study we
added 60,000 IU of IL-2 in the glucose-
containing buffer to keep their IL-2 receptors
loaded and to maintain their cytolytic function
[10, 11]. To reduce the potential for toxicity de-
veloping from inflammation and vascular leak
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syndrome, in addition to reducing IL-2 induced
transient changes to neuroimages that may be
erroneously interpreted as tumor flare, we in-
vestigated whether the amount of IL-2 could be
reduced without affecting viability and cytotoxic-
ity. When the alloCTL were freshly harvested
and prepared as infusates, we tested the per-
centage viabilities + SEM by trypan blue dye
exclusion at 4, 8, 10 and 20 hr after their place-
ment onto cold packs. Representative data are
given for one alloCTL preparation at 4 time
points when they are placed at 60,000, 30,000,
or 10,000 International Units (IU) of IL-2 (Figure
4a). The viabilities of the alloCTL at all IL-2 con-
centrations tested did not fall below 15% of the
freshly prepared alloCTL value, however de-
creases in the alloCTL viabilities for all IL-2 con-
centrations at the 20 hr timepoint were signifi-
cant (p < 0.01). In addition, the cytotoxicities to
target lymphoblasts determined by 4 hr chro-
mium release assay at a 30:1 E:T are shown at
various time points for all IL-2 concentrations
(Figure 4b). The cytotoxicities also did not fall
below 15% of the value obtained with freshly-
prepared alloCTL. The percentage lysis obtained
at 10,000 IU IL-2 at 20 hr was the only one that
was significantly less (p < 0.01) than that of the
freshly isolated alloCTL. Therefore, it was gener-
ously safe and reasonable for us to place a 10
hr expiration time on the infusates when
30,000 IU were placed into the alloCTL infusate
buffer for this Phase | study. With more preclini-
cal work, it is likely possible to further extend
the expiration time placed on the infusates, es-
pecially if multi-institutional studies were to be
undertaken, as opposed to the current manu-
facture and clinical trial conduct at a single site.

alloCTL cytotoxic subset producing IFN-y

By flow cytometry, a cytotoxic subset within al-
IoCTL preparations was identified by phenotypic
markers to produce high levels of IFN-y within
alloCTL preparations generated by one-way
MLR. Representative data gathered at 14 days
post-MLR (Table 2) show the mean fluorescence
intensities (MFI) for IFN-y in the CD3+ T cell
population, and for the CD3+/CD8+, CD3+/
CD8+/CD69+, CD3+/CD4+, and CD3+/CD4+/
CD69+ subsets within that population. While
one might have anticipated that the T helper
CD4+ population would produce higher levels of
proinflammatory cytokine, a distinct CD69+ acti-
vated subset of CD8+ cells displayed the high-
est MFI levels for IFN-y. The CD3+/CD8+/
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Figure 4. Viabilities and cytotoxicities of alloCTL at various times after their placement into infusate buffer containing
various amounts of IL-2. alloCTL viabilities (a) and their cytolysis of stimulator target lymphoblasts (b) when they were
prepared for infusion by placement into HBSS infusate buffer containing different amounts of IL-2 (10,000 IU, gray
bar; 30,000 IU, dotted bar; 60,000 IU, striped bar). Values from freshly harvested alloCTL (black bar) are compared
to those determined at times between 4 and 20 hr. Representative data from quadruplicate counts (a) or cpom from
triplicate wells (b) show average percentages + SEM. *p < 0.01 by two-way ANOVA with Bonferroni post-test.

CD69+/IFN-y+ subset had an MFI of 8950 com-
pared to the MFI for the CD3+/CD4+/CD69+/
IFN-y+ subset at 3792.

The IFN-y producing cytotoxic subset within al-
IoCTL preparations is upregulated upon expo-
sure to relevant target cells

A different preparation of alloCTL was restimu-
lated at day 12 with relevant target glioma cells
at an E:T of 10:1 and was analyzed 18 hr later
for the percentages of CD3+/CD8+/CD69+ and
CD3+/CD4+/CD69+ subsets that did or did not
produce IFN-y (Table 3). The coincubation of the
alloCTL with relevant glioma cell targets induced
a greatly upregulated IFN-y MFI by the CD8+/

Table 2. IFN-y expression by CD3+ T cells and
subsets of it within an alloCTL preparation

alloCTL Phenotypic Subset IFN-y MFI
CD3+ 2503
CD3+/CD8+ 1720
CD3+/CD8+/CD69+ 8950
CD3+/CD4+ 2600
CD3+/CD4+/CD69+ 3792
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CD69+ subset, whereas the induction of IFN-y
by the CD4+/CD69+ was not robust. Interest-
ingly, the percentage of the CD3+ cells within
the alloCTL preparation that also expressed
CD8+ and CD69+ totaled 10.5% and half of
those cells (52.1%) also expressed IFN-y at an
MFI of 500. After 18 hr of incubation with rele-
vant glioma target cells the CD3+/CD8+/CD69+
subset increased six-fold and over a third of
those cells (34.7%) produced IFN-y at a five-fold
higher level. In contrast, the CD3+/CD4+/
CD69+ subset within the same alloCTL prepara-
tion that also produced IFN-y was less than 1%
of the total CD3+ population and after restimu-
lation remained less than 1%. Therefore, the
activated memory T cell subset (CD8+/CD69+)
reacted in response to seeing relevant target
antigen by upregulating IFN-y, more so than the
activated helper (CD4+/CD69+) T cell subset.

Commonly used treatment agents, temo-
zolomide (Temodar®) or bevacizumab
(Avastin®), do not inhibit the cytotoxic function
of alloCTL

Standard of care treatment for patients diag-
nosed with high grade gliomas consists of de-
bulking surgery followed by radiation therapy
with concurrent temozolomide administered at
75 mg/m?2 for 6 weeks followed by 6 months of
pulse temozolomide administered daily for 5
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Table 3. T cell phenotypic subsets producing IFN-y within an alloCTL preparation before and after

restimulation with relevant target glioma cells.

alloCTL + relevant

target glioma T-cell subset phenotype

% of the total CD3+
cells also IFN-y+

0,
% of CD3+ subset IFN-y MFI

alloCTL CD3+/CD8+/CD69+
alloCTL + target
glioma
alloCTL CD3+/CD4+/CD69+
alloCTL + target
glioma

CD3+/CD8+/CD69+

CD3+/CD4+/CD69+

10.5% 52.1% 500
62.7% 34.7% 2543
35.3% 0.70% 254
80.0% 0.90% 1605

days a month at a dose of 150-200 mg/m?2 [3].
Patients who then recur with high grade glioma
are generally treated with bevacizumab admin-
istered at 10-15 mg/kg every 2-3 weeks [19, 29
-32]. Due to the modest increase in efficacy
obtained with the chemo-radiation and anti-
angiogenic therapies, modification of those regj-
mens with other synergistic agents should be
explored. To consider addition of adjuvant im-
munotherapy to standardized therapy, we con-
ducted experiments to determine if temo-
zolomide or bevacizumab interfere with the cy-
totoxic function of the alloCTL. Target 13-06-MG
glioma cells were preincubated with temo-
zolomide in the medium for 12 hr prior to assay
and it was also contained within the cytotoxicity
assay buffer when the alloCTL were added. Rep-
resentative results from a 4 hr chromium re-
lease cytotoxicity assay are shown with day 14
alloCTL made by MLR that were directed to-
wards the HLA of 13-06-MG cells (Figure 5). No
statistically significant differences were ob-
tained in the lysis of the glioma target cells at
the 3 different E:T ratios tested, indicating te-
mozolomide does not adversely affect lysis by
the alloCTL.

In another set of cytotoxicity experiments using
7AAD uptake as a measure of cell injury, CFSE-
labeled target U-87MG glioma cells were coincu-
bated at various E:T ratios for 4 hr with day 14
alloCTL made by MLTR that were directed to-
wards the HLA of the U-87MG cells. The cell
injury induced by the alloCTL alone, when
bevacizumab was placed into the assay me-
dium, or when anti-HLA-ABC was placed into the
assay medium is shown (Figure 6). As a base-
line, when no alloCTL are added (0:1 E:T), the
viable tumor cell percentage is 90%. When
alloCTL are added significant tumor cell injury
(early apoptotic, late apoptotic/necrotic cells =
72-93%) was engendered at all the E:T ratios
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Figure 5. Effects of temozolomide on alloCTL cytotox-
icity to glioma cells. Day 14 alloCTL were harvested
and mixed at various E:T ratios with target 13-06-MG
glioma cells that were preincubated with (white bars)
or without (black bars) temozolomide 12 hr prior to
assay and during the 4 hr cytotoxicity assay. Cytoly-
sis was quantified by 51Cr-release and displayed as
the average percentage lysis + SEM at the 3 E:T
ratios shown, calculated from wells in triplicate.

tested. The addition of bevacizumab largely
does not affect the degree of injury to the target
cells by the alloCTL (early apoptotic, late apop-
totic/necrotic = 66-86%). For comparison pur-
poses, at the 10:1 E:T, the average necrotic/
dead cells totaled 29% with alloCTL alone, 33%
when bevacizumab was added, and 17% when
anti-HLA-ABC was added. The protective effect
provided by addition of the anti-class | to the E:T
coincubates indicated alloreactive T cells were
present in the effector cell preparation.

Discussion

While surgery effectively eliminates bulk tumor,
adjuvant therapies must eliminate the tumor
arising from infiltrative cells migrating from the
main tumor mass. Refinement of experimental
immunotherapies has led to increased numbers
of passive cellular and active immunotherapy
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Figure 6. Effects of bevacizumab on alloCTL induced
cell injury to glioma target cells. Day 14 alloCTL di-
rected toward the HLA of U-87MG glioma cells were
made by MLTR, harvested and mixed with CFSE-
labeled glioma cells at various E:T ratios. al-
loCTL:glioma cells were either coincubated alone, or
had bevacizumab, or class | HLA, ABC blocking anti-
body added to them. The uptake of 7AAD was quanti-
fied after 4 hr by flow cytometric scattergram analy-
sis. The average percentages of CFSE-labeled glioma
cells that excluded 7AAD were considered viable
(black). The cell percentages that took up less 7AAD
are early apopototic (gray), and those that took up
more are late apopototic/necrotic (white). The viable
and cell injury stages are displayed in the bar dia-
gram as the average percentages from duplicate
wells + SEM. Uptake of 7AAD by target cells without
the addition of effector cells (E:T of 0:1) is also
shown.

approaches available for patient enroliment [4].
One reason a higher response to immune thera-
pies is being obtained might be due to addi-
tional steps taken to decrease immunosuppres-
sion and because adjuvant immunotherapies
are being offered upfront to newly diagnosed,
recently resected glioma patients [33].

Our localized cellular therapy with allorespon-
sive T lymphocytes holds advantage because T
cells are able to move through tissue as part of
their immunosurveillance function. Ex-vivo acti-
vated T cells have the capability of trafficking to
and making direct contact with tumor cells to
effect their lysis, or if coming within close prox-
imity to them can produce cytokines that can
induce tumor cell apoptosis [6, 15]. Thus, adop-
tive transfer of CTL may initially cause tumor
cell injury, then endogenous immune cells may
take up and present tumor antigens further in-
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ducing beneficial long-term immune effects.

A small pilot study with intratumoral alloCTL was
conducted before to test clinical feasibility and
safety [10, 11]. We have recently reactivated
the IND (BB IND 5423) with the FDA and de-
sighed a dose escalation trial
(www.clinicaltrials.com, NCT01144247) to con-
firm our earlier findings of possible patient re-
sponse to the immunotherapy by recurrent WHO
grade lll glioma patients, who all are either still
alive or survived much longer than expected.

The study is predicated on the fact that freshly
isolated normal brain cells display little or no
human leukocyte antigens, whereas primary
glioma cell explants exhibit high expression of
class | HLA [15]. As such, alloCTL derived from
healthy individuals that are sensitized to the
HLA of the brain tumor patient display specificity
to patient glioma cells. At UCLA we are enrolling
recurrent glioma patients into a Phase | dose-
escalation trial. Modifications to the initial pilot
study and the present Phase | trial are detailed
(Table 4). Our preclinical studies tested various
other alternative, less-costly synthetic mediums,
but the more costly AIM-V medium was optimal
for alloCTL growth. We did adapt generation of
the alloCTL from artificial capillary systems to
tissue culture bags, which effectively reduced
the cost of cellular therapy. In the pilot study,
we contained costs by purchasing the waste
leucopak product from platelet collection as a
source of precusor alloCTL. In the present dose
escalation study, where therapeutic alloCTL cell
numbers must be guaranteed and where
alloCTL are required for other correlative labora-
tory studies, we are performing more costly leu-
kapheresis of donor subjects. When we deter-
mine the maxmimum tolerated dose and/or
beneficial infusion schedule, we may find we
can revert to less costly precursor alloCTL
sources or fewer leukapheresis procedures. In
addition, in the pilot study we used a dose of
60,000 IU of IL-2 in the infusates to maintain
cytolytic function of the alloCTL. Because of the
UCLA Data Safety Monitoring Board’s percep-
tion of potential for toxicity and vascular leak
caused by the proposed 60,000 IU of IL-2
placed in the alloCTL infusates, we were asked
to investigate whether the amount could be low-
ered. The study indicated the infusate dose
could be reduced by half (30,000 IU) for the
present clinical study. We may find that lower
amounts of IL-2 in the alloCTL infusates will re-
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Table 4. Differences between Pilot Clinical Trial and Current Phase | Clinical Trial

Pilot Clinical Trial [10-11]

Phase | Clinical Trial (NCT01144247)

alloCTL generated in artificial capillary systems

alloCTL are generated in tissue culture bags

Source of donor responder cells derived from apheresis waste
leucopaks from platelet collection

Source of donor responder cells are derived by
leukapheresis

alloCTL infusates contained 60,000 IU recombinant IL-2

alloCTL infusates contain 30,000 IU recombinant
IL-2

1-3 alloCTL infusates/cycle, infusates given over 7-10 days, all
cells generated used for therapy, doses varied

2 alloCTL infusates/cycle, infusates given 7 days
apart, doses uniform with 2-fold dose escalation

1st alloCTL injection at surgery by blunt brain cannula; subse-
quent infusions given through subgaleally-placed reservoir/

1st alloCTL injection at surgery or up to a few
weeks later through subgaleally-placed reservoir/

catheter

catheter

Patient immune responses were not characterized

Patient immune responses are characterized;
phenotypic subset response to relevant antigen
monitored in vitro and correlated with response

Patients and donors were serologically HLA typed and disparate

at 2 HLA A,B loci

Patients and donors are molecularly HLA typed
and disparities at class | and Il loci typified, i.e.,
HLA- ABC, DR,DQ

sult in less vascular leak or other proinflamma-
tory immune effects that transiently cause
changes to follow-up neuroimages. We have
experienced problems using conventional ra-
diologic criteria when assessing clinical re-
sponse to immunotherapy. Response may be
associated with immune cell infiltration and
inflammation that appears as “tumor flare”; this
has been noted in the clinical setting with other
experimental immunotherapy studies [4, 34,
35]. The enhancement gives the impression of
an enlarging lesion by radiological imaging and
can be erroneously interpreted as progressive
disease. This has resulted in removal of pa-
tients from potentially beneficial experimental
immunotherapy protocols. In the present clinical
study we are also trying to provide more flexibil-
ity in how the alloCTL are first administered and
also better standardize the alloCTL therapeutic
used for treatment. We have established re-
lease criteria, and now better control the maxi-
mum number of infusate doses and time be-
tween doses. In the present study we will typify
patient immune response to treatment by moni-
toring for pre vs post-treatment increases in
patient PBMC producing T helper 1:T helper 2
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cytokines. Also, the alloCTL will be monitored in
vitro for increases in the IFN-y producing acti-
vated cytotoxic subset upon exposure to rele-
vant target cells to determine if the increases
correspond to acute patient toxicity and/or long-
term response. Finally, we are studying the mo-
lecular HLA disparities between donor and pa-
tient to assess what mismatches are permissive
for production of functionally-robust alloCTL.

The neuro-oncology field has evolved in the last
ten years. Temozolomide is an orally available
drug that is converted spontaneously to 5-(3-
methyltriazen-1-l)imidazole-4-carboximide, the
active metabolite of dacarbazine. The FDA ap-
proved it for the treatment of high grade glio-
mas early after diagnosis and also at recurrence
[3]. As well, the FDA has sanctioned bevacizu-
mab, a monoclonal antibody to VEGF that in-
duces VEGF-blockade, for glioblastoma treat-
ment [19]. Nondetrimental and possibly even
synergistic effects of these two agents to immu-
notherapy regimens may be possible because
their mechanisms of action are distinct from
immune mediated effects, or the agents may
act to enhance immune function. For instance,
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there is evidence that T regulatory cells were
markedly depressed in patients receiving temo-
zolomide, indicating it may have specific effects
to T cells with an inhibitory immunosuppressive
phenotype [36, 37]. Furthermore, other reports
suggest that immune responses may be dra-
matically increased in the context of VEGF inhi-
bition. For example, decreased levels of VEGF
are associated with an increase in T-cell infiltra-
tion into tumors [38]. Bevacizumab may also
abrogate immunosuppressive effects [39].
Strategies that inhibit this classically angiogenic
axis have shown synergistic effects with anti-
tumor immunotherapy [40, 41]. Our preliminary
data support the feasibility of combining adop-
tive immunotherapy with alloCTL with these two
therapeutic agents that have either become
standard of care or used off-label to treat
glioma patients. Indeed, our examination shows
alloCTL to retain anti-tumor functionality when
placed in the presence of these therapeutic
agents. Temozolomide, at a concentration found
to be present in CSF [42], did not appear to
negatively influence glioma cell lysis by alloCTL
in 4 hr Cr-51 release assays, and bevacizumab
also did not appear to inhibit alloCTL cell injury
to glioma cells. Successful treatment of gliomas
may require more aggressive stances to be
taken in the clinic. It is necessary to test combi-
natorial therapies to find those that display pre-
clinical efficacy and advance them to the clinic
[4, 43, 44].
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