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The adoptive transfer of tumor-specific 
lymphocytes is actively being tested in the 
clinic for the treatment of chronic viral 
infections and some types of cancer.1,2 In 
the latter setting, autologous lymphocytes 
are isolated from the peripheral blood or 
directly from neoplastic lesions, expanded 
to considerable amounts and optionally 
activated ex vivo, and eventually reinfused 
into the patient. To support the expansion 
and differentiation of adoptively trans-
ferred cells, reinfusion is often preceded by 
lymphodepleting treatments such as total 
body irradiation and/or high-dose che-
motherapy and accompanied by massive 
doses of interleukin (IL)-2.1,3 Antitumor 
T cells are functionally competent ex 
vivo,4 and may induce tumor regression in 
vivo5 but generally fail to persist for long 
periods upon adoptive transfer,6 thus pro-
viding limited clinical benefits.

The memory T-cell compartment is 
organized in dozens of cell subsets, which 
can be identified by the analysis of dis-
tinct phenotypic and functional markers 
by polychromatic flow cytometry.7 While 
progressively differentiating from a stem-
cell memory T (T

SCM
) stage to a central 

memory (T
CM

), effector memory (T
EM

) 
and terminally differentiated effector (T

TE
) 

stage, T cells gradually lose or acquire spe-
cific functions in a continuum pattern.5 In 
this setting, T

SCM
 cells, which have recently 

been shown to constitute the most undif-
ferentiated human T-cell compartment 
exhibiting bona fide memory functions, 
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are capable of generating all memory cell 
subsets, display superior persistence and 
expansion capabilities upon adoptive trans-
fer into immunodeficient hosts and prefer-
entially survive for long periods following 
the loss of the cognate antigen.8,9

Accumulating preclinical and clinical 
evidence support the notion that early-
differentiated T-cell populations, such 
as T

SCM
 and T

CM
 cells, exert superior 

antitumor activities in vivo upon adop-
tive transfer.5 Unfortunately, the tumor 
antigen-specific memory T cells that are 
employed in adoptive cell transfer (ACT)-
based clinical trials are often highly dif-
ferentiated, as they have been exposed to 
chronic inflammation and continuous 
antigenic stimulation in vivo prior to iso-
lation. In addition, the procedures that are 
used for the expansion of T cells ex vivo are 
associated with (at least some degree of) 
terminal differentiation, loss of prolifera-
tive capacity and exhaustion and/or senes-
cence.5,10 Therefore, approaches based on 
early-differentiated T cells or involving a 
step of “rejuvenation” of exhausted T cells 
may considerably improve the therapeutic 
potential of ACT.

Inhibition of the glycogen synthase 
kinase 3β (GSK-3β) signaling pathway by 
the small molecule TWS119 has recently 
been shown to arrest T-cell differentiation 
and to stimulate the generation of T

SCM
 

cells.9 Along similar lines, Cieri et al. have 
recently described a clinical grade proto-
col to produce large numbers of T

SCM
 cells 

from naïve precursors by activating them 
with anti-CD3/anti-CD28 antibody-
coated beads in the presence of IL-7 and 
IL-15.11 T cells expanded by this method 
not only displayed a phenotype and gene 
expression profile similar to those of nat-
urally-occurring T

SCM
 cells, but also could 

readily be transduced by a lentiviral vector 
coding for a tumor-specific T-cell recep-
tor (TCR). As naïve T cells are generally 
abundant in the peripheral blood and can 
be rapidly isolated by magnetic beads or 
cell sorters, this technique allows for the 
generation of large numbers of tumor-
specific T

SCM
 cells with improved effector 

potential.
More recently, Nishimura et al. and 

Vizcardo et al. have explored the use of the 
induced pluripotent stem cell (iPSC) tech-
nology to “rejuvenate” antigen-specific 
T cells.12,13 Both groups obtained iPSCs 
from T-cell clones specific for the mela-
noma-associated antigen MART-1 or the 
HIV-1 protein Nef,14 and re-differentiated 
them into mature, rejuvenated T cells by 
using T cell-specific signals. Such reju-
venated T cells maintained the original 
rearrangement of TCR-coding genes, pro-
duced interferon γ (IFNγ) in response to 
antigenic stimulation, displayed elongated 
telomeres (which indicate an increased 
replicative potential) and were capable of 
expanding to considerable extents in vitro. 
Nishimura et al. demonstrated that reju-
venated cells express much higher levels 
of cytotoxic molecules than the clones 
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they derive from, and lack the exhaustion 
marker programmed death 1 (PD-1).12,15,16 
Interestingly, the phenotype of these cells 
does not match that of early-differentiated 
memory cells, but rather that of T

EM
 cells, 

at least relative to CD45RA and CCR7 
expression.12 In addition, rejuvenated cells 
appear to express only marginal levels of 
the co-stimulatory molecules CD27 and 
CD28.12,17 It is therefore tempting to 
speculate, yet remains to be formally dem-
onstrated, that the rejuvenating program 

allows T cells to acquire killer functions 
while maintaining their proliferative 
potential, as generally occurs during pro-
gressive differentiation. In the future, it 
will be important to test whether rejuve-
nated T cells are able to expand in vivo 
upon adoptive transfer into immunode-
ficient mice, and whether they are able 
to exert antitumor effector functions in 
xenogenic models.

As it stands, the iPSC technology com-
bined with expansion protocols involving 

TWS119 or IL-7 plus IL-15 constitutes an 
efficient approach to generate a consistent 
amount of T

SCM
 cells with improved func-

tional capacity. Further studies are needed 
to elucidate the true clinical potential of 
rejuvenated T cells. This said, the dis-
covery of early-differentiated cells as well 
as the development of re-differentiation 
protocols constitute important tools to 
ameliorate the persistence and efficacy of 
adoptively transferred T cell for the ther-
apy of chronic viral infections and cancer.

References
1.	 Galluzzi L, Vacchelli E, Eggermont A, Fridman WH, 

Galon J, Sautès-Fridman C, et al. Trial Watch: Adoptive 
cell transfer immunotherapy. Oncoimmunology 
2012; 1:306-15; PMID:22737606; http://dx.doi.
org/10.4161/onci.19549.

2.	 Wen FT, Thisted RA, Rowley DA, Schreiber H. A 
systematic analysis of experimental immunotherapies 
on tumors differing in size and duration of growth. 
Oncoimmunology 2012; 1:172-8; PMID:22720238; 
http://dx.doi.org/10.4161/onci.1.2.18311.

3.	 Vacchelli E, Galluzzi L, Eggermont A, Galon J, Tartour 
E, Zitvogel L, et al. Trial Watch: Immunostimulatory 
cytokines. Oncoimmunology 2012; 1:493-506; 
PMID:22754768; http://dx.doi.org/10.4161/
onci.20459.

4.	 Mahnke YD, Devevre E, Baumgaertner P, Matter 
M, Rufer N, Romero P, et al. Human melanoma-
specific CD8(+) T-cells from metastases are capa-
ble of antigen-specific degranulation and cytolysis 
directly ex vivo. Oncoimmunology 2012; 1:467-
530; PMID:22754765; http://dx.doi.org/10.4161/
onci.19856.

5.	 Gattinoni L, Klebanoff CA, Restifo NP. Paths to stem-
ness: building the ultimate antitumour T cell. Nat Rev 
Cancer 2012; 12:671-84; PMID:22996603; http://
dx.doi.org/10.1038/nrc3322.

6.	 Davila ML, Brentjens R, Wang X, Rivière I, Sadelain 
M. How do CARs work?: Early insights from recent 
clinical studies targeting CD19. Oncoimmunology 
2012; 1:1577-83; PMID:23264903; http://dx.doi.
org/10.4161/onci.22524.

7.	 Perfetto SP, Chattopadhyay PK, Roederer M. 
Seventeen-colour flow cytometry: unravelling the 
immune system. Nat Rev Immunol 2004; 4:648-55; 
PMID:15286731; http://dx.doi.org/10.1038/nri1416.

8.	 Lugli E, Dominguez MH, Gattinoni L, Chattopadhyay 
PK, Bolton DL, Song K, et al. Superior T memory stem 
cell persistence supports long-lived T cell memory. J 
Clin Invest 2013; PMID:23281401; http://dx.doi.
org/10.1172/JCI66327.

9.	 Gattinoni L, Lugli E, Ji Y, Pos Z, Paulos CM, Quigley 
MF, et al. A human memory T cell subset with 
stem cell-like properties. Nat Med 2011; 17:1290-
7; PMID:21926977; http://dx.doi.org/10.1038/
nm.2446.

10.	 Somerville RP, Dudley ME. Bioreactors get personal. 
Oncoimmunology 2012; 1:1435-7; PMID:23243620; 
http://dx.doi.org/10.4161/onci.21206.

11.	 Cieri N, Camisa B, Cocchiarella F, Forcato M, Oliveira 
G, Provasi E, et al. IL-7 and IL-15 instruct the genera-
tion of human memory stem T cells from naive pre-
cursors. Blood 2013; 121:573-84; PMID:23160470; 
http://dx.doi.org/10.1182/blood-2012-05-431718.

12.	 Nishimura T, Kaneko S, Kawana-Tachikawa A, Tajima 
Y, Goto H, Zhu D, et al. Generation of rejuve-
nated antigen-specific T cells by reprogramming to 
pluripotency and redifferentiation. Cell Stem Cell 
2013; 12:114-26; PMID:23290140; http://dx.doi.
org/10.1016/j.stem.2012.11.002.

13.	 Vizcardo R, Masuda K, Yamada D, Ikawa T, Shimizu 
K, Fujii S, et al. Regeneration of human tumor 
antigen-specific T cells from iPSCs derived from 
mature CD8(+) T cells. Cell Stem Cell 2013; 12:31-
6; PMID:23290135; http://dx.doi.org/10.1016/j.
stem.2012.12.006.

14.	 Vacchelli E, Martins I, Eggermont A, Fridman 
WH, Galon J, Sautès-Fridman C, et al. Trial watch: 
Peptide vaccines in cancer therapy. Oncoimmunology 
2012; 1:1557-76; PMID:23264902; http://dx.doi.
org/10.4161/onci.22428.

15.	 Haymaker C, Wu R, Bernatchez C, Radvanyi L. 
PD-1 and BTLA and CD8(+) T-cell “exhaustion” 
in cancer: “Exercising” an alternative viewpoint. 
Oncoimmunology 2012; 1:735-8; PMID:22934265; 
http://dx.doi.org/10.4161/onci.20823.

16.	 Zitvogel L, Kroemer G. Targeting PD-1/PD-L1 inter-
actions for cancer immunotherapy. Oncoimmunology 
2012; 1:1223-5; PMID:23243584; http://dx.doi.
org/10.4161/onci.21335.

17.	 Song DG, Powell DJ. Pro-survival signaling via CD27 
costimulation drives effective CAR T-cell therapy. 
Oncoimmunology 2012; 1:547-9; PMID:22754782; 
http://dx.doi.org/10.4161/onci.19458.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22737606&dopt=Abstract
http://dx.doi.org/10.4161/onci.19549
http://dx.doi.org/10.4161/onci.19549
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22720238&dopt=Abstract
http://dx.doi.org/10.4161/onci.1.2.18311
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22754768&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22754768&dopt=Abstract
http://dx.doi.org/10.4161/onci.20459
http://dx.doi.org/10.4161/onci.20459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22754765&dopt=Abstract
http://dx.doi.org/10.4161/onci.19856
http://dx.doi.org/10.4161/onci.19856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22996603&dopt=Abstract
http://dx.doi.org/10.1038/nrc3322
http://dx.doi.org/10.1038/nrc3322
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23264903&dopt=Abstract
http://dx.doi.org/10.4161/onci.22524
http://dx.doi.org/10.4161/onci.22524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15286731&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15286731&dopt=Abstract
http://dx.doi.org/10.1038/nri1416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23281401&dopt=Abstract
http://dx.doi.org/10.1172/JCI66327
http://dx.doi.org/10.1172/JCI66327
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21926977&dopt=Abstract
http://dx.doi.org/10.1038/nm.2446
http://dx.doi.org/10.1038/nm.2446
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23243620&dopt=Abstract
http://dx.doi.org/10.4161/onci.21206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23160470&dopt=Abstract
http://dx.doi.org/10.1182/blood-2012-05-431718
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23290140&dopt=Abstract
http://dx.doi.org/10.1016/j.stem.2012.11.002
http://dx.doi.org/10.1016/j.stem.2012.11.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23290135&dopt=Abstract
http://dx.doi.org/10.1016/j.stem.2012.12.006
http://dx.doi.org/10.1016/j.stem.2012.12.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23264902&dopt=Abstract
http://dx.doi.org/10.4161/onci.22428
http://dx.doi.org/10.4161/onci.22428
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22934265&dopt=Abstract
http://dx.doi.org/10.4161/onci.20823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23243584&dopt=Abstract
http://dx.doi.org/10.4161/onci.21335
http://dx.doi.org/10.4161/onci.21335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22754782&dopt=Abstract
http://dx.doi.org/10.4161/onci.19458

