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ABSTRACT

Donor lymphocyte infusion is used to increase the graft versus tumor (GVT) effect after allogeneic hematopoietic
cell transplant. The limited spectrum of activity and high risk of graft versus host disease (GVHD) remain major
limitations of this approach. The finding of new cell populations for adoptive immunotherapy, with the ability
to separate GVT from GVHD, would be useful. In the present manuscript, we tested in mouse model the use
of allogeneic MHC partially matched effector cells for adoptive T cell immunotherapy of cancer. We sought to
maximize graft-versus-tumor effect while minimizing GVHD using tumor-specific allogeneic effector T cells rather
than open-repertoire T cells. A F1 hybrid (Balb/c x C57BL/6) -MethA-EGFP-bearing mice received a preparative
regimen of nonmyeloablating cyclophosphamide lymphodepletion followed by adoptive transfer of bulk Balb/c
derived allogeneic T cells specific for the MethA-EGFP tumor cells. Adoptively transferred allogeneic tumor-
specific T lymphocytes prevented tumor formation without graft versus host disease — like symptoms. We found
that the risk of GVHD was low even with high number of transferred tumor-specific T cells. These data indicate
that the use of tumor-specific allogeneic T cells is feasible, effective and safe alternative to autologous T cell
based tumor immunotherapy.
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Intr tion
oductio infusions (DLIs). Unfortunately, the effects of GVT have

Allogeneic bone marrow or stem cell transplantation
can be considered the most successful method of adop-
tive immunotherapy of malignances. Its success appears
to be related in part to the graft-versus-tumor (GVT)
potential of the donor graft. Donor T-cells may recog-
nize leukemic specific or recipient specific alloantigens
and eliminate residual malignant cells (graft versus leu-
kemia). This T-cell reaction can be harnessed in some
cases to treat patients who relapse after allogeneic stem
cell transplantation with the use of donor leukocyte

clear disease specificity. Despite its therapeutic poten-
tial in hematologic malignancies most solid tumors
have proven to be resistant to this therapy [1-8]. Thus,
GVT induction in solid tumors require a better under-
standing of the important target antigens and effec-
tor cells, as well as the development of methods that
enhance GVT reactivity without excessive GVHD.

A factor that might be important in GVT is donor T
cell tumor specificity. In DLI vast majority of T cells do
not have any specific tumor reactivity, have unknown
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antigen specificity and possess an intrinsic danger of
GVHD induction. The absence of defined antigen spec-
ificity of such T cells makes them difficult to reproduc-
ibly create a therapeutic window between GVT and
GVHD. In contrary to DLI tumor infiltrating lympho-
cytes (TIL) may contain T cells with antitumor activity.
Indeed, adoptive cell transfer (ACT) of TIL amplified in
vitro, in association with lymphodepleting chemother-
apy and IL-2, has been shown to mediate regression
of large established tumors [1-2]. Despite its clinical
efficacy this approach is still experimental treatment
for patients with metastatic melanoma. Its wide use is
limited by the fact that cells must be obtained through
a surgical procedure, followed by the process of ex vivo
expansion, which is difficult, labor intensive and it is
not always feasible to yield T cells in amount sufficient
for clinical purposes [3]. Allogeneic donor tumor-specif-
ic T-cells partially matched for recipient MHC antigens
could provide an alternative to autologous TIL therapy.

The use of allogeneic antigen specific T cell therapy
has been already reported. It was shown that allogene-
ic TILs sharing an MHC restriction element for a com-
mon tumor antigen can be used to successfully treat
established metastases in the nonallosensitized host
[7]. Additional preclinical results used an experimen-
tal model of melanoma treated with transgenic anti-
gen specific allogeneic major histocompatibility com-
plex (MHC)-mismatched T-cell. These adoptively trans-
ferred allogeneic tumor-specific T lymphocytes persist-
ed at detectable levels for several weeks and mediated
significant regression of large, vascularized tumors [9].
Together, these results encourage the implementation
of further studies assessing the safety and clinical effi-
cacy of tumor specific T cells administered to cancer
patients bearing antigen-expressing tumors. The use of
this strategy raises two major concerns: the survival of
the effectors and the risk of development of lethal graft
versus host disease. Whereas the persistence of trans-
ferred cells might be crucial for a favorable clinical out-
come [10-12], the use of allogeneic T cells in immuno-
compromised host have a high risk of deleterious graft
versus host disease which is a major, potentially life
threatening complication. The most important factor
predicting the risk of GVHD is MHC disparity between
the donor and recipient. Therefore in cases with only
partial MHC matching the probability of GVHD after
ACT might be potentially very high. Although it was
found that the risk of GVHD was low when allogene-
ic tumor-specific T cells were transferred however this
study was based on transgenic antigen specific T cells
where the majority of transferred cells had well defined

Journal of Medical Science 1 (83) 2014

antigen specificity. In clinical situation allogeneic tumor
reactive T cells may have unknown specificity and pos-
sess a potential danger of inducing lethal GVHD. In
the present paper, we sought to explore the feasibility
of using tumor-specific allogeneic T cells in the treat-
ment of the experimental mouse sarcoma MethA, after
a preparative lymphodepletion regimen with cyclo-
phosphamide (CPA). We tried to simulate clinical con-
dition with in vivo antigen T cell priming followed by
in vitro expansion and semiallogeneic adoptive trans-
fer. We studied the ability of allogeneic cells to reject
tumor cells and explored the risk of inducing GVHD-
like reactions when tumor primed allogeneic T cells are
used as a cell source.

Material and methods

Mice and tumor lines
All mice used in these experiments were housed at
the Animal Facility of University of Medical Sciences,
Poznan. Female Balb/c (H-2"“) and F1 hybrid Balb/c
x C57BL/6 (H-2"“) mice were used. Female F1 hybrid
Balb/c x C57BL/6 and Balb/c wild-type were used as
recipients in ACT experiments. Balb/c mice (H-2"9)
were used as a source of donor cells. All mice were pur-
chased Mossakowski Medical Research Centre Polish
Academy of Sciences, Warsaw, Poland.

The MethA-EGFP tumor cell line is derived from
a chemically induced sarcoma in Balb/c mouse (H-29)
and expresses the EGFP antigen [16, 17] MethA-EGFP
cells were maintained in culture at 37°C in 5% CO, in
CMM. Experiments were conducted with the approval
of the University of Medical Science Animal Use and
Care Committee according to national regulations.

In vitro expansion of anti-MethA-EGFP specific T cells
Anti-MethA-EGFP T cells were isolated from spleens of
Balb/c donor mice immunized twice with 10° irradiat-
ed (10Gy) MethA-EGFP cells in weekly intervals. After
8-10 days splenocytes were isolated and cultured in
the presence of briostatin (5 nM), ionomycin (1 uM)
and IL-2 (80 U/ml) in X-Vivo 10 medium for 16 hours.
Then, bulk T cell cultures were plated at 10° cells/mL
in X-Vivo 10 medium with IL-7 (20 ng/ml) and IL-15
(20 ng/ml). After next 24 hours the medium was sup-
plemented with IL-2 (20 U/ml). The cells were split 1:1
when they reach 3x10° cells/ml density. After 4-6 days
the cells were further stimulated with anti-CD3 and
anti-CD28 antibodies (Dynabeads Mouse CD3/CD28
T-cell Expander, Invitrogen) and used for adoptive
transfer 10-18 days after the start of the culture.



MethA-EGFP tumor challenge

and adoptive cell transfer

F1 Balb/c x C57BI/6 mice 6 to 12 weeks of age (n =
5-6 for all groups) were injected subcutaneously with
5 x 10° MethA-EGFP sarcoma cells and treated with
intravenous adoptive transfer of in vitro—activated
MethA-EGFP specific T cells derived from parental
Balb/c donors as indicated. Lymphopenia was induced
by nonmyeloablative cyclophosphamide (CPA) admin-
istration (100 mg/kg) one day before the cell transfer.
Tumor growth was measured twice weekly in a blinded,
randomized fashion. All experiments were performed
independently at least twice, with similar results.

Characterization of in vitro expanded T-cells

and cell trafficking in vivo

Cellular phenotypes were determined by flow cytomet-
ric analysis after staining with antibodies specific for
CD3, CD4, CD8, CD49a, CD25, CD69, CD44, CD122,
CD127 antigens (BD Pharmingen). For in vivo traffick-
ing T cells were stained in vitro with CellTrace Far Red
DDAO-SE (Molecular Probes, Eugene, OR, USA) and
injected intravenously to BALB/c mice. Injected mice
were analyzed with IVIS Spectrum whole live-animal
imaging system (Perkin Elmer Inc., Waltham, MA,
USA). Mice were anesthetized with isoflurane using
a vaporizer, and fluorescent image was obtained using
appropriate filter set.

Histology

Livers, small intestines, and skin from killed ACT recipi-
ents were fixed in 10% buffered neutral formalin,
embedded in paraffin, sectioned at 5 pm, and stained
with hematoxylin and eosin. Images were obtained
using a Nikon Eclipse E400 microscope (Tokyo, Japan)
equipped with Nuance Multispectral Imaging System
VIS and related software (CRI, Woburn, MA). Original
magnification was x100.

Results

To test whether allogeneic tumor-specific T cells could
be effectively used to treat tumors, we created an allo-
geneic adoptive immunotherapy model based on the
MethA-EGFP system that we previously described [17].

Table 1. Immunophenotype of T cells used for ACT

T cells from MethA-EGFP immune Balb/c mice recog-
nize unidentified MethA tumor antigens as well as
the H-2%restricted epitope of the EGFP antigen corre-
sponding to amino acids 200 to 208 that is expressed
in MethA-EGFP sarcoma tumor [16]. To create a source
of tumor-specific allogeneic effector cells, we immu-
nized Balb/c mice (H-2°) with syngeneic, irradiated
MethA-EGFP tumor cells. To assess the ability of allo-
geneic effector cells to reject tumor cells in MHC-mis-
matched hosts, we transferred Balb/c derived and in
vitro expanded anti-MethA-EGFP T cells into F1 Balb/c
x C57BL/6 mice that received 100mg/kg CPA as lym-
phodepleting regimen before the transfer. The admin-
istration of 100mg/kg CPA is a well-established con-
ditioning regimen that induces a profound but tran-
sient lymphodepletion lasting for 7 to 10 days [18,
19]. This dose has previously been shown to augment
the effectiveness of adoptive cell transfer therapy in
various models through several mechanisms, including
the removal of immunoregulatory elements, “cytokine
sinks”, and activation of antigen-presenting cells [18].
Through this approach we wanted to induce a suffi-
cient degree of immunosuppression that would enable
the engraftment and in vivo expansion of allogeneic
T cells. Since the use of allogeneic T cell has a risk of
GVHD, the second objective was to study the influence
of allogeneic adoptive cell transfer on GVHD develop-
ment.

Phenotype of expanded T-cells

T-cell cultures consisted of cells with morphologi-
cal features typical of activated T cells. The presence
or absence of various immune cell types was evalu-
ated by flow cytometric analysis for markers including
CD3, CD4, CD8, CD49a, CD25, CD69, CD44, CD122,
CD127. As expected, CD3+ T cells were the predom-
inant cell type with majority of cells expressing CD4
marker. CD8+ cells accounted for less than 10% of the
cell population. Constantly all cells in culture showed
expression of the CD44 antigen which is effector-
memory T-cell cell marker. CD25 activation marker
was present on 88% of CD8+ and 40% of CD4+ cells.
The CD122 antigen 75-kDa subunit of the high-affinity
interleukin-2 receptor (IL-2R) was detected on 98% of
CD8+ and 80% of CD4+ cells respectively.

T cell marker CD3 CD4 CD8 CD25 CD44 CD49a CD122 CD127
40 (CD4) 80 (CD4) 86 (CD4)

0

g 9 w 6.3 88 (CD8) 9 i 98 (CD8) 92 (CD8)
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Figure 1. Allogeneic tumor-specific lymphocytes prevent tumor formation. F1 Balb/c x C57BL/6 mice were
injected s.c. with MethA-EGFP tumor cells and subjected to ACT with semi-allogeneic in vitro expanded T cell effectors
(as indicated). All groups received 100mg/kg of CPA as a preconditioning the day before the transfer of the effector
cells (day 1). Results of tumor formation are the observation of at least 5 mice per group. Data are representative of 3
independent experiments
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Figure 2. Allogeneic antitumor T lymphocyte persistence in vivo. F1 Balb/c x C57BL/6 mice were treated with
20x10° allogeneic anti-MethA-EGFP T cells. After 21 days, mice were killed, and the spleens were analyzed by flow cy-
tometry for the presence of the transferred cells. The dot plots show the percentage of transferred H-2"T cells among

predominant H-2"* host cells. Allogeneic cells were detectable up to day 42 after transfer. Data are representative of
3 independent experiments
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Figure 3. Engraftment, biodistribution and viability of effector cells in vivo. Anti-MethA-EGFP effector cells were
expanded in vitro, labeled with CellTrace Far Red DDAO-SE and transferred into MethA-EGFP tumor bearing mice. Im-
ages were taken using IVIS-Spectrum Imaging System after 2(a), 24(b), 48(c) and 120(d) hours. Please note selective

accumulation at tumor site (arrows, panel b, c)

Allogeneic effector cells prevent tumor formation
The aim of this study was to investigate the ability
of allogeneic effector cells to reject implanted tumor
cells in vivo. We used Balb/c derived T cells to treat
MethA-EGFP-bearing F1 Balb/c x C57BL/6 mice. The
exogenous lymphocytes present in the recipient may
recognize syngeneic tumor cells and allogeneic MHC
molecules expressed by the host organs. This model
eliminates the possibility of a rejection of the donor
cells because F1 lymphocytes are tolerant to all anti-
gens in the Balb/c background, however GVHD-like
reaction from parental donor Balb/c cells against
recipients remains efficient. Tumor cells were implant-
ed subcutaneously and recipient mice were precon-
ditioned with 100 mg/kg CPA one day before the
transfer.

5x10° in vitro expanded allogeneic haploidentical
effector cells considerably prevented tumor formation
without any evidence of GVHD-like reaction. Increas-
ing the dose of allogeneic effector cells by 4-fold (i.e.,
2x107 cells instead of 5x10°) led to a better tumor treat-
ment still without any measurable toxic effect.

Allogeneic effector cells persist in vivo

In next set of experiments, we analyzed the animals
at different time points for the presence of allogeneic
T cells expressing the MHC class | H-2* molecule. In
mice that received CPA pretreatment, allogeneic donor
T cells were clearly detectable up to 42 days after trans-
fer. Transferred lymphocytes were also present at the
tumor site, indicating that they not only persisted but
were capable of trafficking to peripheral sites. These
data indicated that allogeneic effector cells can engraft
for relatively long periods after a conditioning regimen
and preserved the ability to infiltrate tumor tissue.

The risk of inducing a GVHD-like reaction is mini-
mal when the T cell specificity is confined
Alloantigen reactive T cells can lead to severe, life-
threating GVHD. Host immune suppression by a lym-
phodepleting regimen before cell transfer makes this
conditions even more plausible [1, 18]. As such, adop-
tive cell transfer with allogeneic antitumor T cells pos-
sess a potential danger for inducing a GVHD-like reac-
tion. Theoretically, because the anti-MethA-EGFP TCRs
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Figure 4. Lack of GVHD-like reactions after parental Balb/c to F1 Balb/c x C57BL/6 tumor specific T cell transfer. In all experiments, in vitro
expanded tumor specific T cells were given to cyclophosphamide treated F1 recipients. Skin -A, intestine —B, liver -C, and kidney -D tissue samples were

analyzed by histopathology for manifestation of GVHD

are selected on the H-2 MHC class | molecule, they
could cross-react with self-antigens expressed on a dif-
ferent haplotype or even to react with a different MHC
class I antigens in a peptide-independent manner [20].
The ability of anti-MethA-EGFP cells to react against
recipient cells expressing H-2° MHC antigens could be
tested in vitro with Balb/c cells co-cultured with irradi-
ated splenocytes derived from C57BL/6 or F1 Balb/c
x C57BL/6 mice in the presence or the absence of the
relevant EGFP peptide. Activation induced CD49b and/
or IFN-g expression could be observed only in the pres-
ence of the relevant peptide and the proper restriction
element (H-2%), suggesting that the anti-MethA-EGFP
TCR cross-reactivity with allogeneic antigens is mini-
mal. However, many more self-antigens are present-
ed in vivo; thus, this kind of in vitro mixed leukocyte
reaction might not be an accurate predictor of what
would happen after transfer in a living host. A small
number of non-tumor-specific T cells might contami-
nate cell cultures, even after several rounds of in vit-
ro expansions and selection. To address this point, we
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transferred anti-MethA-EGFP cells into CPA treated
semi-allogeneic F1 Balb/c x B6 (H-2") or CPA treat-
ed syngeneic Balb/c (H-2%) mice as a control. Transfer
of in vitro expanded anti-MethA-EGFP T cells in doses
between 5 x 10° up to 20 x 10”6 did not result in any
measurable toxicity as measured by weight loss, gener-
al behavior, survival and histopathology examination.
These experiments show that the risk of GVHD is small
when allogeneic effector T cells with defined antigen
specificity are used.

Discussion

Antitumor T cells has the clinical potential to treat
malignancy, both in the setting of autologous TIL for
solid tumors and with the use of DLI in hematologic
malignancies. Whereas allogeneic adoptive immuno-
therapy can be quite powerful, many issues remain to
be determined for optimization of GVT activity. It is
not known whether the GVT reaction is a generalized
allogeneic effect or has disease-specific targets, and it



has not yet been possible to consistently separate GVT
from GVHD.

In the present study, we tested in animal model
the potential use of allogeneic MHC partially matched
effector T cells for adoptive tumor immunotherapy. Our
results indicate that tumor reactive allogeneic T cells
can be obtained and expanded in a relatively easy
way, they exhibit antitumor activity in vivo and do not
induce severe GVHD. Therefore, this approach seems to
be feasible, effective and safe and might bridge alloge-
neic DLI with autologous TIL therapy.

In our model majority of in vitro expanded alloge-
neic T cells express CD4+ phenotype, which persists in
vivo and mediate antitumor effect despite the absence
of MHC class Il antigens on tumor cells. Although defin-
itive conclusions are not easy to draw with the current-
ly available data, these findings might be explained
by the ability of T helper cells to recruit and activate
endogenous effector cells from both the innate and
adaptive branch of the immune system to the tumor
site [23-25]. In addition, CD4+ T cells through activa-
tion of dendritic cells facilitate the priming of specific
antitumor CD8+ T cells in the tumor-draining lymph
nodes [26-28]. Thus, the requirement for direct tumor
recognition might be of lesser importance for antitu-
mor CD4+ T cell-based therapies, making allogeneic
T helper cells a particularly viable approach deserving
a more detailed investigation.

In our experiments we did not detect any signs of
GVHD. Our data indicate that the risk of adverse reac-
tion because of “off target” recognition may be low if
antigen specific T cells are used. The risk of severe life
threating GVHD increases with the number of T cells
infused. Patients treated with high-dose donor lym-
phocyte infusion developed severe adverse reactions
and died of GVHD and bone marrow failure [36]. Thus,
it might be useful either to screen allogeneic T-cell
effectors and remove those cells that are alloreactive
or alternatively expand tumor specific T cells [36-38].
In our study antitumor T cells generated from immune
mice had effector memory phenotype and due to
define antigen specificity possess a limited TCR reper-
toire, therefore the risk of GVHD in this setting should
be considerably lower even with high cell number. Sev-
eral reports have shown that naive T cells are much
more efficient in initiating graft-versus-host reaction
compared with memory T cells [40-43].

In conclusion: there are several reasons that make
antigen specific allogeneic adoptive T cell transfer
appealing. Relatively easy and unsophisticated meth-
od of in vitro preparation ensures improved selection,

standardization, quality and safety controls required for
clinical products. For selected and common haplotypes
the establishment of a bank of highly reactive tumor-
specific T cells would allow for massive or standardized
treatment. Moreover, multiple, repetitive administra-
tions might be also possible.

Taken together, our findings show that allogeneic
T cells might have a potential role in the cell-based
immunotherapy of cancer.

Supported by NCN grant: N N401 456537.
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