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Virus infections after stem cell transplantation are among the most common causes of death, especially after cord blood (CB) transplantatlon
(CBT) where the CB does not contain appreciable numbers of virus-experienced T cells which can protect the recipient from |nfect|on * We and
others have shown that virus-specific CTL generated from seropositive donors and infused to the recipient are safe and protectlve However
until recently, virus-specific T cells could not be generated from cord blood, likely due to the absence of virus-specific memory T cells.

In an effort to better mimic the in vivo priming conditions of naive T cells, we established a method that used CB-derived dendritic cells (DC)
transduced with an adenowral vector (Ad5f35pp65) containing the immunodominant CMV antigen pp65, hence driving T cell specificity towards
CMV and adenowrus ® At initiation, we use these matured DCs as well as CB-derived T cells in the presence of the cytokines IL-7, IL-12,

and IL-15."° At the second stimulation we used EBV-transformed B cells, or EBV-LCL, which express both latent and lytic EBV antigens.
Ad5f35pp65-transduced EBV-LCL are used to stimulate the T cells in the presence of IL-15 at the second stimulation. Subsequent stimulations
use Ad5f35pp65-transduced EBV-LCL and IL-2.

From 50x10° CB mononuclear cells we are able to generate upwards of 150 x 10° virus-specific T cells that lyse antigen-pulsed targets and
release cytokines in response to antigenic stimulation."" These cells were manufactured in a GMP-compliant manner using only the 20% fraction
of a fractionated cord blood unit and have been translated for clinical use.

Video Link

The video component of this article can be found at http://www.jove.com/video/3627/

Protocol

1. Mononuclear Cell Isolation (day 0)

1. Insert spike of female luer adapter into outlet port of the 20% fraction of the cord blood unit, attach syringe and remove blood. Transfer
thawed blood to 20 mL of warmed RPMI in 50 mL centrifuge tube. Rinse cord blood bag with 5 mL of RPMI and transfer to the same
centrifuge tube.

Centrifuge cells for 10 minutes at 400 x g. Aspirate supernatant.

Resuspend cells in 20 mL of warm RPMI. Layer cells onto 15 mL of Lymphoprep in 50 mL centrifuge tube. Centrifuge 40 minutes @ 400 x g.
Harvest the interface containing the mononuclear cells and wash in 20 mL of RPMI. Centrifuge for 10 minutes @ 450 x g.

Aspirate supernatant and wash in 20 mL of RPMI. Count cells and spin for 5 minutes @ 400 x g.

Aspirate supernatant and resuspend cells at 5 x 10® mononuclear cells/mL of Cellgenix DC media (serum free). Remove 1 mL for EBV-LCL
generation and put into 15 mL centrifuge tube.

ook wN

2. Dendritic Cell Generation (starting on day 0)

1. Plate 2 mL of cells (are already at 5 x 10° cells/mL of DC media) per well into a 6-well plate. Leave in incubator for 1-2 hours.
2. After 1-2 hours, wash off the non-adherent cells by washing 3-4 times with PBS. Collect the non-adherent cells and freeze. Add 2 mL/well of
DC media containing 1000 U/mL of IL-4 and 800 U/mL GM-CSF.
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3. 3-4 days after DC initiation, replenish the IL-4 and GM-CSF by adding 100 pL/well of media containing a final concentration of 1000U/mL IL-4
and 800 U/mL GM-CSF.

4. On day 5-6, harvest the DC by scraplng the well with a transfer pipette. Count the big cells and centrifuge for 5 minutes @ 400 x g. Aspirate
media and resuspend DC at 2x10° cells/mL of DC media. Add 0.5 mL/well of a 24-well plate.

5. Transduce the DC using the Ad5f35pp65 vector at an MOI per cell of 10 infectious units. Add vector to each well in a 24-well plate. Incubate
cells for 1.5 hours. After 1.5 hours, add 1.5 mL/well of DC media containing: 1000 U/mL IL-4, 800 U/mL GM-CSF, 10 ng/mL TNF-alpha, 1 pg/
mL PGE-1, 100 ng/mL IL-6, and 10 ng/mL IL-1beta. These cytokines mature the DCs.

3. Generation of EBV-LCL (starting on day 0)

1. Centrifuge the tube containing the 5 x 10° mononuclear cells. Add 200 uL of concentrated EBV B95.8 supernatant and 1.8 mL of complete
media (RPMI + 10% FBS + 2mM L-glutamine) containing cyclosporine (1 pg/mL).

2. Aliquot 100 pL of cells into 10 wells of a 96-well plate and 200 pL into 5 wells. Add 100 uL of complete media + cyclosporine to the wells
containing only 100 pL of cells. Fill remaining wells with sterile water.

3. Feed the LCL weekly and expand from a 96-well plate to a 24-well plate after ~2 weeks. After another week, transfer to a T25 flask and in
the subsequent week transfer to a T75 flask. At this stage it is recommended that you freeze aliquots of LCL. It typically takes 1 month to
generate sufficient numbers of LCL.

4. CTL Initiation — 7 days After Initiation of DCs

1. Harvest DCs and irradiate at 30 Gy. Wash 4 x and count. Resuspend DC in T cell media containing human serum (45% RPMI, 45% CLICK's,
10% human serum, 2mM L-glutamine) @ 1 x 10° DCs/mL.

2. Thaw non-adherent cells from step 2.2. Wash cells, and count. Resuspend at 2 x 10° non-adherent cells/mL in T cell media containing human
serum. Add 10 ng/mL IL-7 and IL-12, and 5 ng/mL IL-15. Add 1 mL of cells per well in a 24-well plate. Add 1 mL of DC per well. Fill empty
wells of 24-well plate with sterile water.

3. 7 days after T cell initiation, feed and/or split the cells with T cell media containing human serum.

4. 9-12 days after T cell initiation, freeze the T cells until the LCL are ready.

5. Once LCL have expanded and are passaged in T75 flasks, transduce the LCL by centrifuging for 5 minutes @ 400 x g. Add the vector to the
cell pellet at an MOI of 100 infectious units per cell. Incubate for 1.5 hours. After 1.5 hours, resuspend in complete media at 5 x 10° LCL/mL
and add 2 mL per well in a 24-well plate. 12

6. After 2 days, harvest the LCL and irradiate at 40 Gy. Wash 4 x and count. Resuspend the LCL in T cell media containing human serum at 2.5
x 10° cells/mL. Add 1 mL of LCL per well of a 24-well plate. Also, add 5 x 10° LCL to a Grex40 culture device as well as 5 ng/mL IL- 15.13

7. Harvest the T cells. Centrifuge for 5 minutes @ 400 x g , aspirate the supernatant and resuspend in T cell media containing human serum at
1x 10° T cells/mL. Add 5 ng/mL IL-15 and add 1 mL/well of T cells (total of 1 x 10°T cells) to the LCL that are already in the 24-well plate. In
the Grex40, bring the total volume of media up to 30 mL.

8. On day 3-4 post-stimulation, if the cells are confluent then split them (in the plate) 1:1 and add fresh media containing 50 U/mL IL-2. If they
are not confluent then simply aspirate %2 the media and replace with media containing 50 U/mL IL-2. In the Grex40, aspirate half the media,
replace with fresh media, and add 50 U/mL IL-2.

9. Onday 7, repeat as in step 4.6 but use IL-2 on the day of the stimulation, not IL-15.

5. Representative Results

A schematic of the GMP-compliant FDA-approved manufacturing protocol is depicted in Figure 1. The process takes about 50 days. Typical
methods of generating virus-specific T cells expand pre-existing memory T cells; however, cord blood lacks virus-experienced T cells and
therefore we need to prime naive T cells ex vivo. To do so, we use dendritic cells as well as the cytokines IL-7, IL-12, and IL-15, necessary for
generating viral specificity.

After 3 stimulations, the yield should be over 100x10° cells. If sufficient cells are not available, additional stimulations can be performed until the
desired number of CTLs are available. The majority of these cells should be CD3+ with a mixture of CD4+ and CD8+ T cells. There should be
less than 15% NK cells (CD3-/CD56+) and less than 1% CD19+ B cells (Figure 2).

The expanded CTL should recognize the antigen pp65 from CMV, hexon and penton from adenovirus, as well as numerous EBV antigens that
are expressed on EBV-LCL. When tested in an ELISPOT assay, CTL should secrete more IFN-? in response to these antigens than irrelevant
antigens (Figure 3).

The CTL should also lyse viral peptide-pulsed targets such PHA blasts. In a %Cr release assay, CTL should lyse LCL, CMVpp65-pulsed and
Adenovirus hexon- and/or penton-pulsed targets but not targets pulsed with irrelevant peptides (Figure 4).
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Figure 1. Generation of multi-virus-specific CTL from cord blood. Schematic showing the entire process of CTL manufacture from cord
blood. First the cord blood mononuclear cells are isolated from the 20% fraction of the fractionated umbilical cord blood unit. With the exception
of 5x10° cells that are saved for LCL generation, all the cells are then plated in dendritic cell media for 1-2 hours, at which point the non-adherent
cells are harvested and frozen. The DC are then fed DC media containing IL-4 and GM-CSF. After 5 days of culture, the DC are matured and
transduced with an adenoviral vector containing the immunodominant CMV antigen pp65. At initiation, these DC are combined with the non-
adherent cells as well as the cytokines IL-7, IL-12, and IL-15. At subsequent stimulations, the same adenoviral vector is used to transduce EBV-
LCL, which are used as the antigen presenting cells. IL-15 is used at the second stimulation and IL-2 thereafter.
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Figure 2. Phenotype of resulting T cells. Shown is the percentage of live cells included in the lymphocyte gate. CTL are CD3+ and CD4+ or
CD8+ but largely CD3-/CD56- and CD19-.
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Figure 3. T cell functionality. T cell specificity was tested by IFN- yELISPOT. T cells were pulsed with overlapping peptides spanning the entire
protein of hexon, penton, pp65, and the irrelevant antigen IE-1. CTL alone indicates media alone. Autologous LCL were irradiated and added at
1x10%well. Shown is the mean spot forming cell count of triplicate wells.
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Figure 4. Cytolytic activity of CTL. The ability of the resulting CTL to lyse targets expressing viral anti19ens was tested in a >'Cr assay. ¥cr-
labelled Autologous PHA blasts were pulsed with overlapping peptides spanning the entire antigen or *Cr-labelled Autologous LCL were
cocultured with CTL. After 4 hours, gamma release was counted on a gamma counter.

Current strategies aimed at controlling viral infections after CBT can be effective, but they are associated with significant toxicities, are
expensive, and do not confer long term protection against later infection. In fact, the use of some antiviral drugs may limit the expansion of virus-
specific T cells that would otherwise be protective.14 Another option is the infusion of donor-derived virus-specific T cells. We and others have
shown that such T cells are safe, efficacious, and cost-effective.'>"” Here, we show that this approach can also be extended to cord blood.

It is imperative to use aseptic technique when culturing human primary cells. Because of the naive nature of the T cells, it is also important that
human serum is used in all media that require serum. In our experience, FBS-containing products will result in a massive expansion of T cells
targeting proteins derived from FBS.

When isolating the mononuclear cells using the Ficoll gradient, it is often difficult to exclude red blood cells because many are nucleated and not
lysed by red cell lysis buffer. If the number of red blood cells is excessive, the product can be re-ficolled.

While the method here is limited to the expansion of virus-specific T cells -namely CMV, EBV, and adenovirus—it is applicable to the generation

of other antigen-specific T cells from cord blood as well. The use of dendritic cells and the above mentioned cytokine cocktail is a potent
stimulator of naive T cells and should drive the expansion of antigen-specific CTL.

The authors have nothing to disclose.
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