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melanoma specific CTL
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Using a humanized mouse model, we developed melanoma specific CD8 T cells from genetically modified human
hematopoietic stem cells (hHSC). The transgenic T cells were functional both in vivo and ex vivo, effectively limiting and
clearing tumor growth. Finally, the transduced hHSC stably populated the bone marrow.

The human immune system is a formid-
able weapon against cancer and immune-
based therapies have been used to combat
this chronic disease. Such therapies include
the adoptive transfer of tumor specific
autologous T cells or the introduction of
tumor specific T-cell receptors (TcR) via
lentiviral vectors into peripheral blood
T cells, which has been used with some
success in melanoma.1,2 The introduction
of exogenous TcR into mature T cells
while promising harbors the risk of
generating autoreactive clones3 and results
in T-cell exhaustion due to the ex vivo
manipulation required for the transduc-
tion of these cells.4 These limitations can
be addressed by introducing the exogenous
TcR into hematopoietic progenitor cells,
which would then differentiate into
mature tumor specific T cells. Such an
approach allows for the proper maturation
and selection of the transgenic T cells and,
due to the self-renewing nature of stem
cells, can result in a long-term and stable
source of tumor specific T cells.5

The recent advancements in humanized
mouse models have made it possible to
address this approach in vivo. For our
studies, we used an adaptation of the bone
marrow/liver/thymus (BLT) humanized
mouse model.6 In this model, fetal human
thymus combined with fetal liver is
transplanted under the kidney capsule of
the immunodeficient NSG (NOD.Cg-
Prkdcscid Il2rgtm1Wjl/SzJ) mouse. This

is followed by sublethal irradiation and
transplantation of autologous human
hematopoietic stem cells (hHSC). The
outcome is full reconstitution of the
immune system with human cells.7,8

Furthermore, the hHSC can be genetically
modified and give rise to engineered
functional mature lymphocytes (modified
BLT).8 Thus, this model was the most
appropriate system to examine in vivo both
the generation and the functionality of
melanoma-specific transgenic CD8 T cells
(CTL) against human tumor challenge.

To this end we used the modified BLT
to assess whether we can in vivo generate
and assess MART-1 specific CTL. We
constructed a lentiviral vector encoding
the F5 MART-1 TcR, an HLA-A*0201-
restricted melanoma-specific TcR, and
optimized herpes simplex virus 1 thymi-
dine kinase (sr39tk) gene which serves
both as a PET reporter and a suicide gene.
The vector was introduced into HLA-
A*0201+ hHSC, which were combined
with autologous fetal thymic tissue to
make the thy/liv implant. A second
fraction of the transduced hHSC was then
used for transplantation 3 weeks later.
Approximately 4–6 weeks after hHSC
transplantation, we assessed reconstitution
of MART-1 transgenic CTL in the murine
circulation. We detected high levels of
mature transgenic CTL that maintained a
naïve phenotype (based on expression of
CD62L and CD27). The MART TcR was

rarely detected on CD4 T cells suggesting
that the proper T-cell selection and lineage
commitment took place. To confirm that
the selection was taking place in the thy/liv
implant and not the mouse thymus, we
tested the above approach on an HLA-
A*0201- background. We did not detect
any CD8 or CD4 T cell expressing the
TcR in the periphery.

Following reconstitution with the trans-
genic CTL, the chimeric mice were chal-
lenged with the human melanoma tumor
lines M202, an HLA-A*0201+MART+ cell
line that could serve as a target for the
transgenic CTL, and M207, an HLA-
A*0201-MART+ line that could not. The
tumors were implanted on the left (M202)
and right (M207) mouse shoulder. Tumor
regression was assessed by both physical
measurements and PET imaging (Fig. 1).
PET imaging proved particularly beneficial
and quite effective in assessing the efficacy of
the transgenic CTL. The physical measure-
ments, while demonstrating decreasing
tumor sizes, were masked in some occasions
by tissue scarring or “dead space” due to
tissue necrosis caused by the anti-tumor
immune response resulting in the appear-
ance of false positive tumor growth. Thus, at
the endpoint of our experiment (about
12 weeks after hHSC transplantation), we
used PET imaging for [18F]FDG uptake to
measure tumor metabolic activity by glucose
uptake. The data revealed that in 7/9 mice
we had targeting of the M202 tumor with
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(Fig. 1). There was some limited regression
in the M207 control tumors potentially due
to bystander activation of an allogeneic
response. Lastly, we detected increased
infiltration of MART CTLs into the
M202 tumors.

Further ex vivo analysis of the trans-
genic CTLs revealed that these cells had
undergone the appropriate antigen induced
maturation. Splenocytes from the treated
mice effectively killed the M202 targets
in a CTL killing assay in the absence of
any additional activation. When compared

with cells from control mice (mice
receiving non transduced hHSC), which
were predominantly naive, the trans-
genic MART CTLs from spleen were
comprised of naïve (CD45RA+CCR7+),
central (CD45RA-CCR7+), effector
(CD45RA-CCR7-) memory and terminally
differentiated (CD45RA+CCR7-) cells.
Finally, our data showed a correlation
between tumor metabolic activity and
levels of reconstitution or ex vivo cytolytic
activity.

As stated earlier, this approach would
be advantageous due to the longevity of
hHSC. This would result in the con-
tinuous production of MART-1 specific
CTL, thus maintaining a high precursor
frequency to control tumor growth and/or
relapse. We collected bone marrow cells
from the treated and control chimeras and
detected the presence of the lentiviral
vector (by real time PCR) and the
expression of the sr39tk reporter (by flow
cytometry).

In summary, the impact of our studies
is 2-fold. First, we demonstrate as a proof
of principle that functional tumor specific
CTLs can be generated from genetically
modified human hematopoietic progeni-
tors. Second, we have developed a model
that can be utilized to explore a wide span
of alternative or combination treatments
against cancer and chronic diseases.9

References
1. Dudley ME, Wunderlich JR, Robbins PF, Yang JC,

Hwu P, Schwartzentruber DJ, et al. Cancer regression
and autoimmunity in patients after clonal repopulation
with antitumor lymphocytes. Science 2002; 298:850-4;
PMID:12242449; http://dx.doi.org/10.1126/science.
1076514

2. Morgan RA, Dudley ME, Wunderlich JR, Hughes MS,
Yang JC, Sherry RM, et al. Cancer regression in
patients after transfer of genetically engineered lym-
phocytes. Science 2006; 314:126-9; PMID:16946036;
http://dx.doi.org/10.1126/science.1129003

3. Bendle GM, Linnemann C, Hooijkaas AI, Bies L, de
Witte MA, Jorritsma A, et al. Lethal graft-versus-host
disease in mouse models of T cell receptor gene
therapy. Nat Med 2010; 16:565-70, 1p, 570; PMID:
20400962; http://dx.doi.org/10.1038/nm.2128

4. Chambers CA, Kuhns MS, Egen JG, Allison JP. CTLA-
4-mediated inhibition in regulation of T cell responses:
mechanisms and manipulation in tumor immuno-
therapy. Annu Rev Immunol 2001; 19:565-94;
PMID:11244047; http://dx.doi.org/10.1146/annurev.
immunol.19.1.565

5. Yang L, Baltimore D. Long-term in vivo provision of
antigen-specific T cell immunity by programming
hematopoietic stem cells. Proc Natl Acad Sci U S A
2005; 102:4518-23; PMID:15758071; http://dx.doi.
org/10.1073/pnas.0500600102

6. Vatakis DN, Koya RC, Nixon CC, Wei L, Kim SG,
Avancena P, et al. Antitumor activity from antigen-
specific CD8 T cells generated in vivo from genetically
engineered human hematopoietic stem cells. Proc
Natl Acad Sci U S A 2011; 108:E1408-16; PMID:
22123951; http://dx.doi.org/10.1073/pnas.1115050108

7. Melkus MW, Estes JD, Padgett-Thomas A, Gatlin J,
Denton PW, Othieno FA, et al. Humanized mice
mount specific adaptive and innate immune responses
to EBV and TSST-1. Nat Med 2006; 12:1316-22;
PMID:17057712; http://dx.doi.org/10.1038/nm1431

8. Shimizu S, Hong P, Arumugam B, Pokomo L, Boyer J,
Koizumi N, et al. A highly efficient short hairpin RNA
potently down-regulates CCR5 expression in systemic
lymphoid organs in the hu-BLT mouse model. Blood
2010; 115:1534-44; PMID:20018916; http://dx.doi.
org/10.1182/blood-2009-04-215855

9. Kitchen SG, Bennett M, Galić Z, Kim J, Xu Q, Young
A, et al. Engineering antigen-specific T cells from
genetically modified human hematopoietic stem cells in
immunodeficient mice. PLoS One 2009; 4:e8208;
PMID:19997617; http://dx.doi.org/10.1371/journal.
pone.0008208

Figure 1. MART-1 specific CTL limit and clear growth of matched melanoma tumors. In vivo PET
imaging was performed to assess the levels of FDG uptake by the M202 and M207 tumors.
The circles indicate the location of the M202 (right) and M207 (left) tumors.
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