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Abstract

Introduction: Alloreactive tumor specific T cells are important arsenals of the adaptive immune system in the fight against tumors. However,
stem cell-like memory T cells (Tscm) provide the key to effective elimination of tumor cells. Methods for generating these T cell subsets already
exist. However, they could be made more efficient. Further, they are expensive and unattainable to the resource poor laboratories. In this regard,
we are hereby describing a novel in vitro allogeneic co-culture method for raising allo-restricted tumor specific Tscm cells that we developed.
Methods: We started by obtaining PBLs that screened negative for HLA-A2 molecules from healthy donors followed by co-culture with T2/AFP
cells to generate AFP peptide specific tumor-reactive T cells. Controls, IL-21 and/or rapamycin were applied to samples in 24 well plates. Samples
were harvested and stained with anti-human CD3, CD8, CD44, CD62L, and HLA-A2/AFP dimer followed by flow cytometry analysis. Cell viability
was measured by Trypan blue exclusion assay. One Way ANOVA and independent t test were used to compare the mean differences among and
between groups where P values less than 0.05 were considered significant. Results: Our results show that rapamycin arrests the differentiation
of, and expands AFP specific Tscm cells. Further, the expansion of Tscm cells is augmented in the presence of IL-21. Conclusion: IL-21 and
Rapamycin can be used concurrently to raise and maintain antigen specific Tscm cells /n vitrofor purposes of augmenting immunotherapy

strategies against cancers.
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Introduction

Cancer is a disease characterized by abnormal cell growth mediated
by new protein molecule expression. Since our immune system has
developed to eradicate foreign looking substances, it can protect us
from cancer due to the abnormalities in the cells being seen as
foreign. Cytotoxic T (Tc) cells are the major mediators of adaptive
immunity against cancers. As such, they can be used in adaptive
cellular therapy to eradicate tumors and are poised to be the most
promising strategy where these Tc cells are taken from the cancer
patient, expanded in vitro and transferred back to the patient [1].
The efficiency of this strategy is dependent on the stage of
differentiation at which these cells are. At the effector stage, these
cells can kill tumors cells. This stage is replenished by the earlier
stages of differentiation which include central memory and stem
cell-like memory Tc cells. In the presence of IL-2, the cells can
differentiate quickly to get to the effector stage. However, the T
cells in this case can become exhausted quickly and therefore
become less efficient at eradicating tumors [2, 3]. Stem cell-like
memory T cell subsets (Tscm) are early stage differentiated T cells
that are antigen experienced subsets of T cells. They are
characterized by expression of CD44°"CD62L"9" just like naive T
cells [4] but also express stem cell antigen-1 (Sca-1) and high levels
of the antiapoptotic molecule B cell lymphoma 2 (Bcl-2), the Bchain
of the IL-2 and IL-15 receptor (IL-2RB), and the chemokine (C-X-C
motif) receptor CXCR3 [5, 6]. Stemness attributes found in Tscm
allows them to differentiate further [7] leading to generation of
effector Tc cells steadily and continuously thereby giving them the
opportunity to perpetually attack tumor cells [6, 8-12]. This
increases the efficiency of these cells. It has been shown that
treating Tc cells with IL-21 can confer stemness to Tc cells. Further,
it has been suggested that treating or exposing these cells to small
molecules that signal through Wnt [6, 13], Akt [1, 14-16] and
mTOR inhibitors [12, 17-19] might contribute to the same effects.
Other studies have shown that rapamycin can extend the lifespan of
certain cells and organisms [20]. We therefore hypothesized that
concurrent application of IL-21 and rapamycin-an mTOR inhibitor-
may augment the stemness attributes of these T cell sub-sets. Our
results show that IL-21 augments rapamycin in expanding and
maintaining Tscm cells in vitro for long periods of time. In essence,
we have developed a novel /in vitraallogeneic co-culture method for
raising allo-restricted tumor specific Tscm cells. This method is easy,
inexpensive, straightforward and augmentative when compared to
other methods that have been shown to also work such as the
generation of long-lived antitumor CD8+ T cells using artificial
antigen presenting cells [21], the use of IL-7 and IL-15 to generate
Tscm cells [22] and the recently identified CD27-dependent
pathway of T cell expansion [23].

Methods

Preparation of HLA-A2/AFP dimer: Constructed HLA-A2 dimer
was expressed on dimer-721.221 cells as previously described [24]
and the supernatant purified through protein A column. The purified
dimer was labeled with FITC (Abcam-Japan) according to the
manufacturer's instructions then loaded with AFP peptides at 4°C for
48 hours before use.

Cell co-culture: PBMCs were obtained from the HLA-A2 negative
peripheral blood samples by density gradient centrifugation using
Ficoll-Hypaque (density 1.077 g/ml) according to the method by
McCoy [25]. The PBMCs were then washed twice in PBS, suspended
in 10% FCS RPMI 1640 medium and allowed to adhere to flasks
overnight at 37 °C with 5% CO: atmosphere so as to obtain the
non-adherent cells which were then used as responder cells. T2
cells were pulsed with a-fetoprotein (AFP) peptides (Hangzhou
Peptide Co. -China) for three hours to form T2/AFP followed by
inactivation in Mitomycin C (30 pg/ml) and used as stimulator cells.
The responder to stimulator ratio was 10:1 with responder cells
(PBLs) being 2.5 x 10° cells per well in 24 well plates. Rapamycin
(CALBIOCHEM-USA) and IL-21 (PeproTech-USA) were applied
singularly and concurrently while controls were left untreated with
neither rapamycin nor IL-21. Samples were stained with APC/CY7
conjugated anti-human CD3 (E Bioscience-USA), PE/CY5 conjugated
anti-human CD8 (Biolegend-USA), PE conjugated anti-human CD44
(E Bioscience-USA) and PE/CY7 conjugated anti-human CD62L
(Biolegend-USA) and analyzed by flow cytometry. In another assay
to analyze AFP-specific Tscm cells, samples were stained with
APC/CY7 conjugated anti-human CD3, PE/CY5 conjugated anti-
human CD8, PE conjugated anti-human CD44, PE/CY7 conjugated
anti-human CD62L and FITC conjugated HLA-A2/AFP dimer and
analyzed by flow cytometry.

Trypan blue exclusion test for cell viability: Trypan blue was
kindly provided by Prof Li Dzuoya from the Department of
Immunology. Staining and analysis were performed according to the
methods by Coder DM and Johnson S [26-27]. Cell viability was
calculated as follows: % viable cells = (number of viable
cells/number of total cells) X 100.

Statistical analysis: One way ANOVA was used to determine the
difference of the means among the controls and the IL-21 and/or
rapamycin treated groups of the co-culture experiments for
determining stemness maintenance over the study period. The
independent t-test was used to determine the difference of the
means between the control and IL-21 and/or rapamycin treated
groups in the Trypan Blue exclusion test for cell viability. Values of P
<0.05 were considered significant.

Results

HLA-A2 Blood Typing: Samples of peripheral blood were obtained
from healthy volunteers with informed consent and approval by the
Ethical Committee of Tongji Medical College. One hundred micro-
liters of each of the blood samples of interest were taken to new
tubes and 1 pl of fluorescence isothiocyanate (FITC) conjugated
BB7.2 antibody was added to each tube and mixed by pipetting. The
samples were then incubated at 4°C for 40 minutes. Red blood cells
(RBCs) were lysed using red blood cell lysis buffer and samples
washed twice then resuspended in 300 pl phosphate buffered saline
(PBS) followed by flow cytometry analysis. Only those blood
samples that stained negative for BB7.2 were used in subsequent
experiments.

IL-21 augments rapamycin in induction of non-specific
Tscm cells with initial increased proliferation: To determine
the consequences of singular and concurrent application of IL-21
and rapamycin on Tscm cells, HLA-A2 negative PBLs (Figure 1) were
stained with CFSE and co-cultured with T2/AFP cells for a period of
two weeks. Samples were harvested on day 7 and day 14 and
stained with APC/CY7 conjugated anti-human CD3, PE/CY5
conjugated anti-human CD8, PE conjugated anti-human CD44, and
PE/CY7 conjugated anti-human CD62L and analyzed by flow
cytometry. Results show that rapamycin increases the non-specific
(non-specific since expression of CD44°*CD62L"" molecules could
be found in either naive or antigen experienced T cells) Tscm cells
and this increase is augmented in the presence of both rapamycin
and IL-21 (Figure 2). The mean difference in time were statistically
significant (P= 0.0004, 3.18 X 10-6, 7.71 X 10-7 and 0.0001 for
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control, IL-21, rapamycin and IL-21 + rapamycin treated groups
respectively). The mean difference between control and IL-21
treated groups was not statistically different while those between
control and the other groups were statistically significant (Table 1).

IL-21 augments rapamycin in maintaining and expanding of
AFP antigen specific Tscm cells: We next sought to analyze the
consequences of singular and concurrent application of IL-21 and
rapamycin on antigen experienced AFP-Specific Tscm cells. To do
this, HLA-A2 negative PBLs (Figure 1) (without staining with CFSE)
were co-cultured with T2/AFP cells for a period of four weeks with
the application of IL-21 and/or rapamycin. The control group had
neither IL-21 nor rapamycin applied. Samples were harvested on
days 9, 21, and 28 and stained with APC/CY7 conjugated anti-
human CD3, PE/CY5 conjugated anti-human CD8, PE conjugated
anti-human CD44, PE/CY7 conjugated anti-human CD62L, and FITC
conjugated HLA-A2/AFP dimer and analyzed by flow cytometry. The
aim of using HLA-A2/AFP dimer here is to be able to pick up and
analyze antigen experienced T cells only. Our results show that
rapamycin maintains and expands AFP antigen specific Tscm cells.
This maintenance and expansion is augmented in the presence of
IL-21 (Figure 3). We found that the mean difference between
treatment groups and time were statistically significant (Table
2, Table 3).

IL-21 augments rapamycin in maintaining viability of AFP
antigen specific Tscm cells: Samples were harvested on day 28
and washed in PBS twice. They were then stained with Trypan Blue
and incubated at room temperature for 5 minutes. Cell viability was
determined in each treated group and the results show that
application of IL-21 and/or rapamycin maintains cell viability
compared to the control group showing a statistical significant
difference (p=0.0003, 1.98X10-5, 1.53X10-6 respectively). The
maintenance of cell viability was more superior in concurrent
application of IL-21 and rapamycin (Figure 4).

Discussion

Previous research has shown that the human T cell repertoire can
recognize an AFP peptide as a HLA-A2.1 restricted epitope and is
expressed in certain tumors such as hepatocelullar carcinoma and
germ cell tumors [28, 29]. Therefore, we employed the AFP
peptides to generate HLA-A2 allo-restricted tumor antigen specific T
cells. To do this, T2 cells were pulsed with the AFP peptides for
three hours at 37°C with 5% CO2 atmosphere containing incubator
to generate T2/AFP cells which were then co-cultured with PBLs that
were negative for expression of HLA-A2 molecules (Figure 1). From
here, we assessed the ability, either singularly or concurrently, of
the biological and pharmacological agents IL-21 and rapamycin,
respectively, to arrest the differentiation of these AFP antigen
specific activated cells so as to sparingly reach the effector cell
stage and largely retain as well as expand the Tscm subset. Our
preliminary experiments looked at the consequences of IL-21 and
rapamycin, as applied either singularly or concurrently, to arrest T
cell differentiation at the Tscm stage. After two weeks of co-culture,
we found that rapamycin had relatively higher Tscm subset cells
compared to IL-21 alone. The magnitude of change in the cell
numbers was even more in the concurrent application of IL-21 and
rapamycin group (Figure 2). We found that at the end of week one,
there were more Tscm cell numbers in the control group and the IL-
21 treated group. This is the case since these cells had no
specificity. As time progressed and non-antigen specific T cells (i.e.
naive T cells) died out, the situation changed (Figure 2 B (bottom
two panels)). We reasoned that there might be non-specific Tscm
cells being included in the analysis due to the absence of specificity
in the system. To seek for answers, we repeated the experiment

and incorporated staining with the antigen specific dimers -HLA-
A2/AFP dimers- in conjunction with the other antibodies i.e. anti-
human CD3, anti-human CD8, anti-human CD44, and anti-human
CD62L staining. Here, the HLA-A2/AFP dimers provide a mechanism
for picking up and analyzing AFP antigen experienced T cells only.
In this case, we found that the trends from the analysis were either
a continuous increase or decrease of the Tscm cells in the different
experimental groups (Figure 3). AFP-specific Tscm cells increased
significantly from a low of 0.10% on day 9 to 1.35% by day 28 in
the presence of rapamycin. The expansion of these cells was more
than two fold in the concurrent application of IL-21 and rapamycin
under the same period. In the control and IL-21 treated groups, the
number of cells decreased over time continuously (Figure 3 bar
graph). Here, the results show that IL-21 augments rapamycin in
expanding AFP antigen specific Tscm cells. Taken together, these
results show that rapamycin quickly destroys naive T cells but
maintains antigen experienced T cells at the early differentiation
stage for longer periods thereby maintaining their stemness and
allows them to proliferate at the same time. This proliferation is
enhanced in the presence of both IL-21 and rapamycin. The
mechanism that allows this to happen remains to be elucidated.

We further wanted to know the viability of the cells being
maintained by IL-21 and rapamycin. To do this, we employed the
Trypan blue exclusion assay. Cells were harvested on day 28 and
washed in PBS twice then stained with Trypan Blue and incubated
at room temperature for five minutes. Cell viability was determined
in each treated and control groups. The results show that the
viability of the cells in co-culture was enhanced by the addition of
rapamycin while, in comparison, it was augmented by addition of IL-
21 and rapamycin concurrently (Figure 4). This might be explained
by the fact that rapamycin regulates fatty acid metabolism in
activated T cells thereby regulating their proliferation [30, 31] which
leads to a much slower exhaustion process. In application of
rapamycin for induction of Tscm cells, dosage seems to be
paramount as demonstrated in our results (data not shown). This
phenomenon is also supported by work from other laboratories such
as that of Benjamin and colleagues who showed that the incomplete
inhibition on MTORC1 is a dose dependent phenomenon that could
have devastating effects in cancer patients [32]. Further support of
our results comes from others who have shown that the effect of
mTOR inhibition depends on the dose range and kinetics of the
treatment. Administration of a very high dose of rapamycin
prevented CD8+ T cell expansion whereas the duration and time
points of rapamycin treatment impact the quantity and quality of
memory T cell responses [17, 33]. In addition, optimal doses of
rapamycin were seen to increase the life span of middle aged mice
[20]. Some studies suggest that blocking mTOR not only mediates
immunosuppression in transplant rejections and autoimmune
disorders, but also boosts immunity under selective conditions and
imparts other aspects of T cell homeostasis and functions [18].
Further, it has been reported that suppression of the mTOR
pathway, an established nutrient sensor, combined with activation
of canonical Wnt-B-catenin signaling, allows for the ex vivo
maintenance of human and mouse long-term HSCs under cytokine-
free conditions. The same group also showed that the combination
of two clinically approved medications that together activate Wnt-3-
catenin and inhibit mTOR signaling increases the number (but not
the proportion) of long-term HSCs in vivo [34]. Here, our results
have shown that IL-21 and the mTOR inhibitor rapamycin combined
together increase both the number and proportion of Tscm cells by
the fourth week of co-culture (Figure 3). In contrast, it has been
shown that in vivo, mTOR inhibition promotes T cell anergy under
conditions that would normally induce active priming, indicating that
mTOR has a central role in dictating the decision between T cell
activation and anergy [35, 36]. Could it be that these observations
were made under the influence of high doses of rapamycin
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application? The emergence of memory and effector CD8+ T cells is
independent of, but functional quality shaped by, IL-21 [37-39]. Yi
et al [37] have also argued that although the direct effects of IL-21
on CD8+ T cells may shape these responses, IL-21 imparts many
immunologic functions and therefore the indirect actions of IL-21 on
other cells of the immune system may also influence the outcome of
the CD8+ T cell response. We found that IL-21 alone has a reduced
ability to retain AFP-specific Tscm cells when compared to
rapamycin alone or its concurrent application with rapamycin
(Figure 3).

Conclusion

Tables and figures

Rapamycin application expands AFP-specific Tscm cells after AFP
antigen specific stimulation of naive T cells and maintains viability of
co-cultured cells better than IL-21. In addition, IL-21 augments
rapamycin in the expansion of AFP-specific Tscm cells and therefore
these two agents may have an increased potential for tumor
immunotherapy when applied concurrently. Essentially, this work
provides a new co-culture method by which antigen specific Tscm
cells can be raised and their stemness attributes maintained

What is known about this topic

e It is know that IL-21 help in generating and maintaining
Tscm cells;

e It is known that Tscm cells are better eradicators of
cancers and have a great potential for clinical use against
cancers.

What this study adds

e This study provides a novel method for generating,
expanding and maintaining antigen specific Tscm cells;

e It contributes towards the search for immunotherapy
against cancers.
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Table 1: Statistical analysis of the mean difference between treated
groups for non-specific Tscm cell experiments

Table 2: Statistical analysis of the mean difference between treated
groups for AFP antigen specific Tscm cell experiments

Table 3: Statistical analysis of the mean difference in time between
treated groups for the AFP antigen specific Tscm cell experiments
Figure 1: HLA-A2 Blood Typing. A 100 pl aliquot was taken from
each of the samples and stained with the BB7.2 antibody. Flow
cytometry was used to analyze the results. From these
representative results of many, we can see that samples a, b, f, g,
and h are positive for BB7.2 staining meaning that the PBMCs in
these samples express the HLA-A2 molecules. In contrast, samples
¢, d, and e are negative for the BB7.2 staining and therefore show
that these particular samples do not have the HLA-A2 molecules
expressed on the PBMC surfaces.

Figure 2: IL-21 augments rapamycin (Rapa) in induction of Tscm
cells (no antigen specificity here) with increased proliferation. After
7 and 14 days of Co-culture (Figure 2a and 2b (top two panels and
bottom two panels respectively)), samples were harvested and
analyzed by flow cytometry. Since there is no specificity, the initial
Tscm cells are seen to be very many in the control group and IL-21
treated groups. They are then seen to drop significantly in those
two groups (Table 1 for statistics) while they were maintained for
longer periods and increased in number (proliferated) in the
presence of rapamycin. This proliferation is seen to be augmented
when rapamycin is combined with IL-21 (Figure 2c (bar graph)).
Figure 3: IL-21 augments rapamycin (Rapa) in maintaining and
expanding of AFP antigen specific Tscm cells. After 9, 21, and 28
days of co-culture (Figure 3a (top, middle, and bottom panels
respectively)), samples were harvested and analyzed by flow
cytometry. HLA-A2 dimer (DIMER-FITC) was used to pick up AFP
antigen specific Tscm cells. AFP antigen specific Tscm cells are
maintained and increased significantly over longer periods in the
presence of rapamycin which is augmented when rapamycin is
combined with IL-21 (Figure 3b (bar graph)).

Figure 4: IL-21 augments rapamycin in maintaining viability of AFP
antigen specific Tscm cells. After 28 Days of Co-culture, samples
were harvested and stained with 0.4% Trypan Blue. Rapamycin
increased the viability of AFP antigen specific Tscm cells which was
augmented in the concurrent treatment of IL-21 and rapamycin.
The difference between viable cells in control compared with IL-21,
Rapa, and IL-21 + Rapa were statistically significant (P = 0.0003,
1.98X10-5, 1.53X10-6 respectively).

References

Victor Tunje Jeza was supported by scholarship from the China
Scholarship Council and the Kenya Ministry for Higher Education.
We thank Lichen Ouyang, Bilivogue Koikoi Kebe and Liping Cai for
their useful discussions and/or hands-on assistance in this work. We
also thank Li Dzuoya for the Trypan Blue.

1. Waart Anniek Van Der, Hobo Willemijin, Dolstra Harry. Time to
Akt  Superior tumor-reactive T cells for adoptive
immunotherapy. Oncoimmunology. 2015; 4(5): e1003016-1-
€1003016-3. PubMed | Google Scholar

2. Klebanoff Christopher, Scott Christopher, Leonardi Anthony,
Yamamoto Tori, Cruz Anthony, Ouyang Claudia et al. Memory
T cell-driven differentiation of naive cells impairs adoptive
immunotherapy. J Clin Invet. 2016; 126(1): 318-
334. PubMed | Google Scholar

3. Klebanoff Christopher, Gattinono Luca, Restifo Nicholas.
Sorting through subsets: which T cell populations mediate
highly effective adoptive immunotherapy. J Immunother. 2012;
35(9): 651-660. PubMed |Google Scholar

Page number not for citation purposes 4


http://www.panafrican-med-journal.com/content/article/27/163/full/#ref37
http://www.panafrican-med-journal.com/content/article/27/163/full/#ref37
javascript:PopupFigure('FigId=3')
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:PopupFigure('FigId=1')
javascript:PopupFigure('FigId=2')
javascript:PopupFigure('FigId=3')
javascript:PopupFigure('FigId=4')
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Waart%20Anniek%20Van%20Der%5bauthor%5d+AND++Time+to+Akt+Superior+tumor-reactive+T+cells+for+adoptive+immunotherapy
http://scholar.google.com/scholar?hl=en&q=+Time+to+Akt+Superior+tumor-reactive+T+cells+for+adoptive+immunotherapy
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Klebanoff%20Christopher%5bauthor%5d+AND++Memory+T+cell+?+driven+differentiation+of+naive+cells+impairs+adoptive+immunotherapy
http://scholar.google.com/scholar?hl=en&q=+Memory+T+cell+?+driven+differentiation+of+naive+cells+impairs+adoptive+immunotherapy
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Klebanoff%20Christopher%5bauthor%5d+AND++Sorting+through+subsets:+which+T+cell+populations+mediate+highly+effective+adoptive+immunotherapy
http://scholar.google.com/scholar?hl=en&q=+Sorting+through+subsets:+which+T+cell+populations+mediate+highly+effective+adoptive+immunotherapy

10.

11.

12.

13.

14.

15.

16.

Lamers Cor, Steenbergen-langeveld Sabine Van, Brakel Mandy
Van, Ruijven Corien Grout Van, Elzakker Pascal Van, Krimpen
Brigitte Van et al. T Cell Receptor-Engineered T Cells to Treat
Solid Tumors: T Cell Processing Toward Optimal T Cell Fitness.
Hum Gene Ther Methods. 2014; 25(6):  345-
357. PubMed |Google Scholar

Zhang Yi, Joe Gerard, Hexner Elizabeth, Zhu Jiang, Emerson
Stephen. Host-reactive CD8+ memory stem cells in graft-
versus-host disease. Nat Med. 2005; 11(12): 1299-
1305. PubMed | Google Scholar

Gattinoni Luca, Zhong Xiao-song, Palmer Douglas, Ji Yun,
Hinrichs Christian, Yu Zhiya et al. Wnt signaling arrests effector
T cell differentiation and generates CD8+ memory stem cells.
Nat Med. 2009; 15(7): 808-813. PubMed | Google Scholar

Lugli Enrico, Dominguez Maria, Gattinoni Luca, Chattopadhyay
Pratip, Bolton Diane, Song Kaimei et al. Superior T memory
stem cell persistence supports long-lived T cell memory. J Clin
Invet. 2013; 123(2): 594-599. PubMed | Google Scholar

Gattinoni Luca, Klebanoff Christopher, Restifo Nicholas. Paths
to stemness: building the ultimate antitumour T cell. Nat Rev
Cancer. 2012; 12(10): 671-684. PubMed | Google Scholar

Gattinoni Luca, Lugli Enrico, Ji Yun, Pos Zoltan, Paulos
Chrystal, Quigley Maire et al. A human memory T cell subset
with stem cell-like properties. Nat Med. 2011; 17(10): 1290-
1298. PubMed | Google Scholar

Gattinoni Luca, Restifo Nicholas. Moving T memory stem cells
to the clinic. Blood. 2013 Jan 24; 121(4): 567-
8. PubMed | Google Scholar

Flynn Jacqueline, Gorry Paul. Stem memory T cells (TSCM )-
their role in cancer and HIV immunotherapies. Clin Transl
Immunol. 2014; 3(7): e20-e27. PubMed | Google Scholar

Flynn Jacqueline, Gorry Paul. T cell therapies-are T memory
stem cells the answer. Ann Transl Med. 2015; 3(17): 251-
255. PubMed | Google Scholar

Boudousquié Caroline, Danilo Maxime, Pousse Lourene,
Jeevan-raj Beena, Angelov Georgi, Zehn Dietmar et al.
Differences in the transduction of canonical wnt signals
demarcate effector and memory CD8 T Cells with distinct recall
proliferation capacity. J Immunol. 2014 Sep 15; 193(6): 2784-
91. PubMed | Google Scholar

Kim Eui Ho, Sullivan Jeremy, Plisch Erin, Tejera Melba Marie,
Jatzek Anna, Choi Yong Kwan et al. Signal Integration by Akt
Regulates CD8 TCell effector and memory differentiation. J
Immunol. 2012; 188(9): 4305-4314. PubMed | Google
Scholar

Hand Timothy, Cui Weiguo, Woo Yong, Se Esen, Joshi Nickil,
Chandele Anmol et al. Differential effects of STAT5 and
PI3K/AKT signaling on effector and memory CD8 T-cell
survival. PNAS. 2010; 107(38): 1-6.PubMed | Google
Scholar

Waart Anniek Van Der, Weem Noortje Van De, Maas Frans,
Kramer Cynthia, Kester Michel, Falkenburg Frederik et al.
Inhibition of Akt signaling promotes the generation of superior
tumor-reactive T cells for adoptive immunotherapy. Blood.
2014; 124(23): 3490-3500. PubMed | Google Scholar

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Araki Koichi, Turner Alexandra, Shaffer Virginia Oliver,
Gangappa Shivaprakash, Keller Susanne, Bachmann Martin,
Larsen Christian, Ahmed Rafi. mTOR regulates memory CD8 T
cell differentiation. Nature. 2009; 460(7251): 108-
112. PubMed | Google Scholar

Chi Hongbo. Regulation and function of mTOR signalling in T
cell fate decision. Nat Rev Immunol. 2012; 12(5): 325-
338. PubMed | Google Scholar

Rao Rajesh, Li Qingsheng, Odunsi Kunle, Shrikant Protul. The
mTOR kinase determines effector versus memory CD8+ T Cell
Fate by regulating the expression of transcription Factors T-bet
and Eomesodermin. Immunity. 2010 Jan 29; 32(1): 67-
78. PubMed | Google Scholar

Bitto Alessandro, Ito Takashi, Pineda Victor, Letexier Nicolas,
Huang Heather, Sutlief Elissa et al. Transient rapamycin
treatment can increase lifespan and healthspan in middle-aged
mice. Elife. 2016 Aug 23; 5. pii: e16351. PubMed | Google
Scholar

Butler Marcus, Lee Jeng-Shin, Ansen Sascha, Neuberg Donna,
Hodi Stephen, Murray Andrew et al. Long-Lived Antitumor
CD8+ Lymphocytes for adoptive therapy generated using an
artificial antigen-presenting cell. Clin Cancer Res. 2007; 13(6):
1857-1867. PubMed | Google Scholar

Cieri Nicoletta, Camisa Barbara, Cocchiarella Fabienne, Forcato
Mattia, Oliveira Giacomo, Provasi Elena et al. IL-7 and IL-15
instruct the generation of human memory stem T cells from
naive precursors. Blood. 2013; 121(4): 573-
584. PubMed | Google Scholar

Crompton Joseph, Sukumar Madhusudhanan, Restifo Nicholas.
Uncoupling T-cell expansion from effector differentiation in
cell-based immunotherapy. Immunol Rev. 2014; 257(1): 264-
276. PubMed | Google Scholar

Weng Xiufang, Zhong Maohua, Liang Zhihui, Lu Shenjun, Hao
Juan, Chen Xueling et al. Peptide-dependent inhibition of
alloreactive T-cell response by soluble divalent HLA-A2/IgG
molecule in vitro. transplantation. 2007; 84(10): 1298-
1306. PubMed | Google Scholar

McCoy J Philip. Handling, storage and preparation of human
blood «cells. Curr Prot Cytom. 1998; 5(5.1): 1-
13. PubMed | Google Scholar

Johnson Simon, Nguyen Vy, Coder David. Assessment of Cell
Viability.  Curr  Protoc Cytom. 2013; Chapter 9:
Unit9.2. PubMed | Google Scholar

Coder David. Assessment of cell viability. Curr Prot Cytom.
2001; 15(9.2): 1-14. PubMed | Google Scholar

Butterfield Lisa, Koh Andrew, Meng Wilson, Vollmer Charles,
Ribas Antoni, Dissette Vivian et al. Generation of human T-cell
responses to an HLA-A2, 1-restricted peptide epitope derived
from a-fetoprotein. Cancer Res. 1999 Jul 1; 59(13): 3134-
42. Google Scholar

Page number not for citation purposes 5


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Lamers%20Cor%5bauthor%5d+AND++T+Cell+Receptor-Engineered+T+Cells+to+Treat+Solid+Tumors:+T+Cell+Processing+Toward+Optimal+T+Cell+Fitness
http://scholar.google.com/scholar?hl=en&q=+T+Cell+Receptor-Engineered+T+Cells+to+Treat+Solid+Tumors:+T+Cell+Processing+Toward+Optimal+T+Cell+Fitness
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Zhang%20Yi%5bauthor%5d+AND++Host-reactive+CD8++memory+stem+cells+in+graft-versus-host+disease
http://scholar.google.com/scholar?hl=en&q=+Host-reactive+CD8++memory+stem+cells+in+graft-versus-host+disease
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Gattinoni%20Luca%5bauthor%5d+AND++Wnt+signaling+arrests+effector+T+cell+differentiation+and+generates+CD8++memory+stem+cells
http://scholar.google.com/scholar?hl=en&q=+Wnt+signaling+arrests+effector+T+cell+differentiation+and+generates+CD8++memory+stem+cells
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Lugli%20Enrico%5bauthor%5d+AND++Superior+T+memory+stem+cell+persistence+supports+long-lived+T+cell+memory
http://scholar.google.com/scholar?hl=en&q=+Superior+T+memory+stem+cell+persistence+supports+long-lived+T+cell+memory
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Gattinoni%20Luca%5bauthor%5d+AND++Paths+to+stemness:+building+the+ultimate+antitumour+T+cell
http://scholar.google.com/scholar?hl=en&q=+Paths+to+stemness:+building+the+ultimate+antitumour+T+cell
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Gattinoni%20Luca%5bauthor%5d+AND++A+human+memory+T+cell+subset+with+stem+cell?like+properties
http://scholar.google.com/scholar?hl=en&q=+A+human+memory+T+cell+subset+with+stem+cell?like+properties
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Gattinoni%20Luca%5bauthor%5d+AND++Moving+T+memory+stem+cells+to+the+clinic
http://scholar.google.com/scholar?hl=en&q=+Moving+T+memory+stem+cells+to+the+clinic
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Flynn%20Jacqueline%5bauthor%5d+AND++Stem+memory+T+cells+(TSCM+)?+their+role+in+cancer+and+HIV+immunotherapies
http://scholar.google.com/scholar?hl=en&q=+Stem+memory+T+cells+(TSCM+)?+their+role+in+cancer+and+HIV+immunotherapies
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Flynn%20Jacqueline%5bauthor%5d+AND++T+cell+therapies+?+are+T+memory+stem+cells+the+answer
http://scholar.google.com/scholar?hl=en&q=+T+cell+therapies+?+are+T+memory+stem+cells+the+answer
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Boudousqui%E9%20Caroline%5bauthor%5d+AND++Differences+in+the+transduction+of+canonical+wnt+signals+demarcate+effector+and+memory+CD8+T+Cells+with+distinct+recall+proliferation+capacity
http://scholar.google.com/scholar?hl=en&q=+Differences+in+the+transduction+of+canonical+wnt+signals+demarcate+effector+and+memory+CD8+T+Cells+with+distinct+recall+proliferation+capacity
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Kim%20Eui%20Ho%5bauthor%5d+AND++Signal+Integration+by+Akt+Regulates+CD8+TCell+effector+and+memory+differentiation
http://scholar.google.com/scholar?hl=en&q=+Signal+Integration+by+Akt+Regulates+CD8+TCell+effector+and+memory+differentiation
http://scholar.google.com/scholar?hl=en&q=+Signal+Integration+by+Akt+Regulates+CD8+TCell+effector+and+memory+differentiation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Hand%20Timothy%5bauthor%5d+AND++Differential+effects+of+STAT5+and+PI3K+/+AKT+signaling+on+effector+and+memory+CD8+T-cell+survival
http://scholar.google.com/scholar?hl=en&q=+Differential+effects+of+STAT5+and+PI3K+/+AKT+signaling+on+effector+and+memory+CD8+T-cell+survival
http://scholar.google.com/scholar?hl=en&q=+Differential+effects+of+STAT5+and+PI3K+/+AKT+signaling+on+effector+and+memory+CD8+T-cell+survival
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Waart%20Anniek%20Van%20Der%5bauthor%5d+AND++Inhibition+of+Akt+signaling+promotes+the+generation+of+superior+tumor-reactive+T+cells+for+adoptive+immunotherapy
http://scholar.google.com/scholar?hl=en&q=+Inhibition+of+Akt+signaling+promotes+the+generation+of+superior+tumor-reactive+T+cells+for+adoptive+immunotherapy
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Araki%20Koichi%5bauthor%5d+AND++mTOR+regulates+memory+CD8+T+cell+differentiation
http://scholar.google.com/scholar?hl=en&q=+mTOR+regulates+memory+CD8+T+cell+differentiation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Chi%20Hongbo%5bauthor%5d+AND++Regulation+and+function+of+mTOR+signalling+in+T+cell+fate+decision
http://scholar.google.com/scholar?hl=en&q=+Regulation+and+function+of+mTOR+signalling+in+T+cell+fate+decision
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Rao%20Rajesh%5bauthor%5d+AND++The+mTOR+kinase+determines+effector+versus+memory+CD8+++T+Cell+Fate+by+regulating+the+expression+of+transcription+Factors+T-bet+and+Eomesodermin
http://scholar.google.com/scholar?hl=en&q=+The+mTOR+kinase+determines+effector+versus+memory+CD8+++T+Cell+Fate+by+regulating+the+expression+of+transcription+Factors+T-bet+and+Eomesodermin
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Bitto%20Alessandro%5bauthor%5d+AND++Transient+rapamycin+treatment+can+increase+lifespan+and+healthspan+in+middle-aged+mice
http://scholar.google.com/scholar?hl=en&q=+Transient+rapamycin+treatment+can+increase+lifespan+and+healthspan+in+middle-aged+mice
http://scholar.google.com/scholar?hl=en&q=+Transient+rapamycin+treatment+can+increase+lifespan+and+healthspan+in+middle-aged+mice
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Butler%20Marcus%5bauthor%5d+AND++Long-Lived+Antitumor+CD8+++Lymphocytes+for+adoptive+therapy+generated+using+an+artificial+antigen-presenting+cell
http://scholar.google.com/scholar?hl=en&q=+Long-Lived+Antitumor+CD8+++Lymphocytes+for+adoptive+therapy+generated+using+an+artificial+antigen-presenting+cell
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Cieri%20Nicoletta%5bauthor%5d+AND++IL-7+and+IL-15+instruct+the+generation+of+human+memory+stem+T+cells+from+naive+precursors
http://scholar.google.com/scholar?hl=en&q=+IL-7+and+IL-15+instruct+the+generation+of+human+memory+stem+T+cells+from+naive+precursors
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Crompton%20Joseph%5bauthor%5d+AND++Uncoupling+T-cell+expansion+from+effector+differentiation+in+cell-+based+immunotherapy
http://scholar.google.com/scholar?hl=en&q=+Uncoupling+T-cell+expansion+from+effector+differentiation+in+cell-+based+immunotherapy
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Weng%20Xiufang%5bauthor%5d+AND++Peptide-dependent+inhibition+of+alloreactive+T-cell+response+by+soluble+divalent+HLA-A2/IgG+molecule+in+vitro
http://scholar.google.com/scholar?hl=en&q=+Peptide-dependent+inhibition+of+alloreactive+T-cell+response+by+soluble+divalent+HLA-A2/IgG+molecule+in+vitro
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=McCoy%20J%20Philip%5bauthor%5d+AND++Handling+storage+and+preparation+of+human+blood+cells
http://scholar.google.com/scholar?hl=en&q=+Handling+storage+and+preparation+of+human+blood+cells
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Johnson%20Simon%5bauthor%5d+AND++Assessment+of+Cell+Viability
http://scholar.google.com/scholar?hl=en&q=+Assessment+of+Cell+Viability
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Coder%20David%5bauthor%5d+AND++Assessment+of+cell+viability
http://scholar.google.com/scholar?hl=en&q=+Assessment+of+cell+viability
http://scholar.google.com/scholar?hl=en&q=+Generation+of+human+T-cell+responses+to+an+HLA-A2+1-restricted+peptide+epitope+derived+from+a-fetoprotein

29.

30.

31.

32.

33.

34.

Butterfield Lisa, Meng Wilson, Koh Andrew, Vollmer Charles,
Ribas Antoni, Dissette Vivian et al. T Cell Responses to HLA-
A*0201-Restricted peptides derived from human alpha
fetoprotein. J Immunol. 2001 Apr 15; 166(8): 5300-
8. PubMed | Google Scholar

Pearce Erika. Metabolism in T cell activation and differentiation.
Curr Opin Immunol. 2010; 22(3): 314-320. PubMed | Google
Scholar

Pearce Erika, Walsh Matthew, Cejas Pedro, Harms Gretchen,
Shen Hao, Wang San et al. Enhancing CD8 T Cell Memory by
Modulating Fatty Acid Metabolism. Nature. 2009; 460(7251):
103-107. PubMed |Google Scholar

Benjamin Don, Colombi Marco, Moroni Christoph, Hall Michael.
Rapamycin passes the torch: a new generation of mTOR
inhibitors. Nat Rev Drug Discov. 2011; 10(November): 868-
880. PubMed |Google Scholar

Araki Koichi, Youngblood Ben, Ahmed Rafi. The role of mTOR
in memory CD8+ T-cell differentiation. Immunol Rev. 2010;
235(1): 234-243. PubMed | Google Scholar

Huang Jian, Nguyen-McCarty Michelle, Hexner Elizabeth,
Danet-Desnoyers Gwen, Klein Peter. Maintenance of
hematopoietic stem cells through regulation of Wnt and mTOR
Pathways. Nat Med. 2012; 18(12): 1778-
1785. PubMed | Google Scholar

35.

36.

37.

38.

39.

Zheng Yan, Collins Samuel, Lutz Michael, Allen Amy, Kole
Thomas, Zarek Paul et al. A role for mammalian target of
rapamycin in regulating T Cell activation versus anergy. J
Immunol. 2007; 178: 2163-2170.PubMed | Google Scholar

Zheng Yan, Delgoffe Greg, Meyer Christian, Chan Waipan,
Powell Jonathan. Anergic T Cells are metabolically anergic. J
Immunol. 2009; 183(10): 6095-6101. PubMed | Google
Scholar

Yi John, Ingram Jennifer, Zajac Allan. IL-21-deficiency
Influences CD8 T cell quality and recall responses following an
acute viral infection. J Immunol. 2010; 185(8): 4835-
4845. PubMed | Google Scholar

Frohlich Anja, Kisielow Jan, Schmitz Iwana, Freigang Stefan,
Shamshiev Abdijapar, Weber Jacqueline et al. IL-21R on T cells
is critical for sustained functionality and control of chronic viral
infection. Science. 2009; 324: 1576-1580. PubMed | Google
Scholar

Elsaesser Heidi, Sauer Karsten, Brooks David. IL-21 is required
to control chronic viral infection. Science. 2009; 324(5934):
1569-1572. PubMed | Google Scholar

Table 1: statistical analysis of the mean difference between treated groups for non-specific Tscm cell experiments

Multiple Comparisons

Dependent Variable: values LSD

. . 95% Confidence Interval

(I) factorl (J3) factor1 Mean Difference (I-J) Std. Error Sig. Lower Bound | Upper Bound

2 0.0000 0.07658 1.000 -0.1623 0.1623
1(control) 3 5.4650* 0.07658 0.000 5.3027 5.6273

4 1.1000* 0.07658 0.000 0.9377 1.2623

1 0.0000 0.07658 1.000 -0.1623 0.1623
2(IL-21) 3 5.4650* 0.07658 0.000 5.3027 5.6273

4 1.1000* 0.07658 0.000 0.9377 1.2623

1 -5.4650* 0.07658 0.000 -5.6273 -5.3027
3(rapa) 2 -5.4650* 0.07658 0.000 -5.6273 -5.3027

4 -4.3650* 0.07658 0.000 -4.5273 -4.2027

1 -1.1000* 0.07658 0.000 -1.2623 -0.9377
4(IL-21 +rapa) 2 -1.1000* 0.07658 0.000 -1.2623 -0.9377

3 4.3650* 0.07658 0.000 4.2027 4.5273

Based on observed means
The error term is Mean Square (Error) = 0.018
* The mean difference is significant at the 0.05 level
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Table 2: statistical analysis of the mean difference between treated groups for AFP antigen specific Tscm cell experiments

Mean Difference

95% Confidence Interval

(I) factorl (J) factorl (1-3) Std. Error Sig. Lower Bound Upper Bound
2 -0.0244* 0.00653 0.001 -0.0379 -0.0110
1(control) 3 -0.7089* 0.00653 0.000 -0.7224 -0.6954
4 -1.6922* 0.00653 0.000 -1.7057 -1.6788
1 0.0244* 0.00653 0.001 0.0110 0.0379
2(IL-21) 3 -0.6844* 0.00653 0.000 -0.6979 -0.6710
4 -1.6678* 0.00653 0.000 -1.6812 -1.6543
1 0.7089* 0.00653 0.000 0.6954 0.7224
3(rapa) 2 0.6844* 0.00653 0.000 0.6710 0.6979
4 -0.9833* 0.00653 0.000 -0.9968 -0.9699
1 1.6922* 0.00653 0.000 1.6788 1.7057
4(IL-21 + rapa) | 2 1.6678* 0.00653 0.000 1.6543 1.6812
3 0.9833* 0.00653 0.000 0.9699 0.9968

Based on observed means
The error term is Mean Square (Error) = 0.000

*The mean difference is significant at the 0.05 level
Dependent Variable: values LSD
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Table 3: statistical analysis of the mean difference in time between treated groups for the AFP antigen
specific Tscm cell experiments

Multiple Comparisons

Dependent Variable: values LSD

() factor Mean 95% Confidence Interval

(I) factor2 2 Difference | Std. Error | Sig. Lower Bound Upper
(I-3) Bound

1(9days) 2 -0.5983* 0.00565 0.000 -0.6100 -0.5867
3 -1.0217* 0.00565 0.000 -1.0333 -1.0100

2 (21days) 1 0.5983* 0.00565 0.000 0.5867 0.6100
3 -0.4233* 0.00565 0.000 -0.4350 -0.4117

3(28days) 1 1.0217* 0.00565 0.000 1.0100 1.0333
2 0.4233* 0.00565 0.000 0.4117 0.4350

Based on observed means
The error term is Mean Square (Error) = 0.000
* The mean difference is significant at the 0.05 level
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Figure 1: HLA-A2 Blood Typing. A 100 pl aliquot was taken from each of the samples and stained with the BB7.2 antibody.
Flow cytometry was used to analyze the results. From these representative results of many, we can see that samples a, b,
f, g, and h are positive for BB7.2 staining meaning that the PBMCs in these samples express the HLA-A2 molecules. In
contrast, samples ¢, d, and e are negative for the BB7.2 staining and therefore show that these particular samples do not
have the HLA-A2 molecules expressed on the PBMC surfaces.
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Figure 2: IL-21 augments rapamycin (Rapa) in induction of Tscm cells (no antigen specificity here) with
increased proliferation. After 7 and 14 days of Co-culture (Figure 2a and 2b (top two panels and bottom
two panels respectively)), samples were harvested and analyzed by flow cytometry. Since there is no
specificity, the initial Tscm cells are seen to be very many in the control group and IL-21 treated groups.
They are then seen to drop significantly in those two groups (Table 1 for statistics) while they were
maintained for longer periods and increased in number (proliferated) in the presence of rapamycin. This
proliferation is seen to be augmented when rapamycin is combined with IL-21 (Figure 2c (bar graph)).
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Figure 3: IL-21 augments rapamycin (Rapa) in maintaining and expanding of AFP antigen specific Tscm cells.
After 9, 21, and 28 days of co-culture (Figure 3a (top, middle, and bottom panels respectively)), samples
were harvested and analyzed by flow cytometry. HLA-A2 dimer (DIMER-FITC) was used to pick up AFP
antigen specific Tscm cells. AFP antigen specific Tscm cells are maintained and increased significantly over
longer periods in the presence of rapamycin which is augmented when rapamycin is combined with IL-21
(Figure 3b (bar graph)).
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Figure 4: IL-21 augments rapamycin in maintaining viability of AFP antigen specific Tscm cells. After 28 Days of Co-
culture, samples were harvested and stained with 0.4% Trypan Blue. Rapamycin increased the viability of AFP antigen
specific Tscm cells which was augmented in the concurrent treatment of IL-21 and rapamycin. The difference between
viable cells in control compared with IL-21, Rapa, and IL-21 + Rapa were statistically significant (P = 0.0003, 1.98X10-5,
1.53X10-6 respectively).
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