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ABSTRACT

Purpose of the study
While acute graft-versus-host-disease (GVHD) is acéll-mediated disease caused by
alloreactive donor T cells, we and others have ihgiited that patients who received higher
proportion of donor CD% naive and central memory T cells expressing themadkine
receptor 7 (CCR7) more often developed acute GVi#D those who did not. Consequently,
we then investigateih vitro the impact of selective CDLCR7 T cell depletion on immune
reactions and showed that such a depletion redalbectactivity without altering acquired
anti-infectious reactions.
In order to translate these findings to clinic, me@v developed a compliant procedure for a
selectivereduction of the CD4naive and central memory T cell subset relevapetipheral
blood stem cell (PBSC) allografts.
Patients and methods
We performed a two-step immunomagnetic depletio€b# CCR7 T cells from ten G-
CSF-mobilized PBSC apheresis samples.
Results
A median of 89% (82-94%) of CDLCR7 T cells could be deplete@his allowed a marked
reduction of the alloreactive immune response agaithogenic dendritic cells compared with
unmanipulated cells. The preservation of CD3zell number and the hematopoietic
progenitor function were controlled. Functionaltseshowed that the selection procedure did
not interfere with the capacity of pathogen-specificells to produce interferon-gamma in
response taeertain viral pathogens
Conclusion

Our results pave the way to a feasible proceduet¢ tan be used in patients
undergoing allo-hematopoietic cell transplantatiand particularly for improving

haploidentical transplant resutig controlling GVHD, the main immune complication.
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INTRODUCTION

Allogeneic hematopoietic cell transplantation (dHGT) is still considered as the best
curative option for hematological disorders witlghrrisk features or patients with relapsed
disease [1,2]. However, while contributing to paigncurative therapy through the graft-
versus-leukemia effect (GVL), alloreactivity of Elkreplete grafts increases the risk of
severe graft-versus-host-disease (GVHD), especially haplo-identical settings [3,4].
Prophylactic immunosuppressive treatment can plgritantrol proliferative alloreactive T
cells in vivo [5,6]. Alternatively, ex vivo extensive T cell depletion of HLA-mismatched
allografts proved effective at preventing GVHD, bed to delayed post-transplant immune
reconstitution, thereby aggravating the risk oeations and possibly decreasing GVL effects
[7,8].

Unmanipulated grafts contain both naive and meniarglls. Most T cells that cause GVHD
reside within the naive T-cell population that dae identified by CD45RA expression,
whereas memory T cells can transfer immunity agaiosimon pathogens encountered after
transplantation [9-11]. Clinical grade immunomagnetrocedures for the selective depletion
of the CD45RA T-cell subset have been established [12,13]. Bitendepletion of
CD45RA’ T-cell from the graft has been reported to redhecincidence and/or the severity
of GVHD while transferring protective immunity inUA-matched allograft recipients [14]
both after haplo-HCT [15] and in HLA-mismatched adxdc allograft recipients [16].

Not only T cell dose but also T cell subset comipmsi can affect major outcomes after
allogeneic HCT (allo-HCT). In addition to CD45RAaive T cells, some memory T cells
may also contribute to the alloresponse, partituldose within the CD%central memory
subset characterized by the expression of the @Giokine receptor 7 (CCR7) and L-
selectin (CD62L) [17-20]. Accordingly, prospectisteidies indicate that a threshold cell dose
of CD4" CCR7 T cells or CD4 CD62L" T cells in the allograft is associated with thekrof
severe acute GVHD [21-23], whereas partial selectiepletion of donor-derived CD4
CCR7 T cells did not alterin vitro responses of allo-HCT recipients to common viral

antigens [24].

Considering preservation of CD§ cells would significantly contribute to anti-edtive and
anti-tumoral immunological effects [20,25,26], wevdloped a two-step immunomagnetic

depletion procedure to partially reduce the praporbf naive and central memory CD%
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cells while preventing any loss in other lymphocst#sets including effector memory CD4
T cells. Our objective is to set up a feasible prhae that can be used in patients undergoing
allo-HCT and patrticularly for haplo-identical trghsnt in order to control alloreactivity

resulting from this type of mismatched transplaotat

MATERIALSAND METHODS

The study was approved by the Lille university htadgpoard and conducted according to the
declaration of Helsinki (NCT03280290). All donomave given their informed consent.

Apheresis products

Ten Peripheral blood Stem cell (PBSC) apheresigpkesmof 1.0 to 2.9 mL (median 1.8 mL)
were analyzed. For each specimen, related recipienght, volume of PBSC bag, and
serological status of donor were knovdonor HLA status was determined by using high

resolution class | and Il molecular DNA typing.

Two-step positive and negative selection for depleting CD4'CCR7" T cells

A two-step cell selection procedure was carriedauPBSC apheresis specimens using the
AutoMACS Pro instrument and appropriate immunomégnéeads (Miltenyi Biotec,
Bergisch Gladbach, Germany). A starting number of I viable mononuclear cells was
used (PRE-SORT sample). Before each of the twangosdteps, the starting cells were
resuspended in 5 mL of AutoMAERunning Buffer (Miltenyi Biotec), then filtered §31m
filters, Miltenyi Biotec) and centrifuged (300 x §0 min). Figure 1 presents a flow diagram

of the sequential cell selection procedure.

In the first step, CDBand CD19 cells were purified from the starting PBSC aphisres
specimens: the PRE-SORT cell suspension was inedifat 15 minutes at +4°C with both
CD8 and CD19 microbeads according to manufactuiesgructions and loaded onto the
AutoMACS Pro instrument. The “Possel-s” program waed for selection. The positive
fraction from this selection was stored at +4°Cilutdmpletion of the next sorting step,

which was performed on the negative fraction.

In the second step, the CD&nd CD19-depleted fraction was submitted to CCRZll

depletion by successive incubation at +4°C with anatlonal antibody against CCR7

(CD197 (CCR7)-Biotin human, Miltenyi Biotec) for Ifdinutes and then with anti-Biotin
3



microbeads (Miltenyi Biotec) for 15 minutes, befdhe selection with the AutoMACS Pro
instrument and the “Possel” programhe whole sorting procedure lasts approximatly 2

hours.

Finally, the positive fraction from the first sefien and the negative fraction from the second
selection were pooled for subsequent analysis mdl fproduct’s cell composition and

assessment of functional immune responses (POSTF3UK.

Multi-parametric flow cytometric analysis of cell products

T-cell subsets, B cells, NK cells, monocytes, aethatopoietic stem cells were identified
comparatively in the starting PBSC apheresis prsd(RRE-SORT) and the CDLCR7
depleted final products (POST-SORT). Cells wergethfor 15 minutes at room temperature
using optimal concentrations of the following floohrome-conjugated monoclonal
antibodies: CD14-FITC, CD45-Ko, CD4-PacB, CD8-ARCD19-Pc5.5, CD16-PE, CD56-
Pe, CD4-Ko, CD45RA-FITC, CCR7-PE, CD34-Pc7, and €23 (all from Beckman
Coulter, Villepinte, France). Flow-Count fluorospée (Beckman Coulter) were loaded and
acquired simultaneously along with the cells toedeine the absolute cell counts, using a
Navios ™ flow cytometer (Beckman Coulter).

Hematopoietic progenitor cell culture

To compare the PRE-SORT and POST-SORT productsdetermined the numbers of
colony forming units for granulocytes/macrophag€$y-GM) and burst forming units-
erythroid (BFU-E) after fourteen days of culture3&t5°C and 5% C§£) each initiated with
250 CD34 cells. CFU-GM assays were run in triplicate in MeEulf™ H84535 (Stemcell
Technologies, Vancouver, Canada). BFU-E assays warein duplicate in MB medium
prepared from MethoCUlf H4100 (Stemcell Technologies), Iscove’s Modifiedlliecco’s
medium (ThermoFisher scientific, Waltham, USA), Bd%00 (Stemcell Technologies), Fetal
Bovine Serum for Human Myeloid Colony-forming Cell$3%, Stemcell Technologies),
recombinant human IL-3 (10 ng/mL, Active Biosciencelamburg, Germany) and
Erythropoietin at 400 Ul/mL (Epoetin alfa 4000, Ext, Janssen, Johnson and Johnson, Issy

les Moulineaux, France).

One-way Mixed Lymphocyte Dendritic Cell (MLDC) Reactions



Monocytes were purified from total peripheral blomdnonuclear cells from healthy adult
volunteers by negative selection (EasySep Human deie Enrichment Kit, Stemcell
Technologies) and differentiated into monocyte kst dendritic cells by culture in Cellgro
medium (CellGenix, Freiburg im Breisgau, Germarypmemented with IL-4 and GM-CSF
(Premium grade, Miltenyi Biotec). After five daygcombinant IL-4, GM-CSF, TNE; IL-6,
IL-1B (Premium grade, Miltenyi Biotec) and prostaglangia (Sigma-Aldrich) were added
for two more days to complete maturation. The testilmature dendritic cells were used as
stimulus (1 x 16 cells per well) in co-culture with 2 x 1(PRE-SORT or POST-SORT
responder cells in 96-well U-bottomed plates (FaJcDurham, USA). After 6 days, cells

were harvested for ELISPOT assay.

Functional pathogen-specific T cell responseto viral antigens

PRE-SORT and POST-SORT cells were plated in tepdicat 2 x 19 per well in RPMI
medium (Gibco by ThermoFisher Scientific) in 96-Waibottomed microplates (Falcon) and
stimulated for 6 days at 37°C with the followingalipeptides, each at 1 pug/ml per well: AdV
(peptivator-AdV hexon), CMV (peptivator-CMVpp65 amekptivator CMV IE-1 mixed in
equal proportions) and EBV (peptivator-EBV), abtrin Miltenyi Biotec. HTLV-1 Tax 11-19
(Bachem, Bubendorf, Switzerland) served as a negabntrol. After six days of culture at
37°C and 5% Cg) cells were harvested for ELISPOT assay.

ELISPOT assay for interferon-y production (IFN-y ELI1SPOT)

Harvested cells were resuspended in AIM-V mediurb¢@ ThermoFisher Scientific) and
returned to culture for an additional 20 hour inMomospot plates coated with a monoclonal
antibody to IFNy (T-Spot TB, Oxford Immunotec, Abingdon, UK). Inder to measure the
response to viral antigens, viral peptides wereeddat 1 pg/ml per well. IFN-spots were

enumerated with TB Scan software (Oxford Immunotec)
Statistical analysis

Results are given as median (range). Where appteppaired PRE-SORT and POST-SORT
data were compared by using the Wilcoxon signe#-tast performed with Prism Software
(GraphPad). A value of <0.05 was considered as significant.



RESULTS

Validation of the two-step CD4" CCR7" T cell partial depletion procedure

Viability of the ten G-CSF-mobilized PBSC apherepi®ducts used in this study was
consistently high, with a median of 98% (95-100%&)ble cells.The efficacy of the two-step
immunomagnetic depletion was assessed by immunopma analysis. There was a wide
variation in the initial number of CDACCR7 T cells among the PRE-SORT samples,
between 53 and 266 xX1CD4" CCR7 cells/kg (Table 1). After mixing the CD&nd CD19
fraction from the first selection step and the C&Rpleted fraction from the second step
(POST-SORT), 3 to 23 x%0esidual CDACCRY cells/kg were recovered (Figure 2g., a
median reduction of 89% (82-94%). The resultinguidn in CD4 naive and CD4central
memory T cells was approximately equivalent (mediga®1% and 86%, respectively).

As shown in Table 1, most of the initial CDB cells were recovered, with a median of 20%
loss in the POST-SORT mix, and the CD8R7 and CDS8CCR7"? subsets were similarly
preserved by the selection procedure (17% and 2&ian loss, respectively). The POST-
SORT mixretained a median proportion of 50% memory T dellthe CD4 subset\s 17%

in PRE-SORT mix) and 33% memory T cells in the CBBbset (s 34% in PRE-SORT
mix). CD19 B cells and CD%Y CD56 and/or CD16 NK cells were likewise preserved
(10% median loss: 2-27% for B cells and 1-33% f&r ¢¢lls).

Preservation of CD34" cells and hematopoietic progenitor function

All ten POST-SORT products contained more thantanget dose of 3 x fviable CD34
cellslkg (Table 1). The early differentiation cappacof these cells was assessed by
enumerating colonies obtained after culture of FHRE-SORT and POST-SORT products
(Figure 3). There was no statistically significahtference before and after the selection
steps, whether comparing CFU-GM colonies (mediabiOofs. 47) or BFU-E colonies (4.
38).

Reduced alloreactive response against allogeneic dendritic cells

Monocyte-derived DCs coming from an unrelated vtden with at least 9/10 HLA

mismatches with the PBSC donors were used as stimalmixed lymphocyte reactions. A



marked reduction of IFN-secretion was highligted in the co-cultures of CILR7 cell
depletion products (Figure 4), with only 59 (0-8ppts/200.000 responder cells as compared
with 224 (23-35,486) spots/200,000 responder teltere the selection (P <0.01).

Preservation of functional pathogen-specific T cells

PRESORT and POST-SORT cells were stimulated compaigtiwith a panel of viral
peptides to evaluate their immune reactivity (FegG). Intense IFN-secretion was detected
with the PBSC specimens from all six CMV seropwsitionors, with a median of 364 (227-
559) IFNy spots per 200,000 cells before and 514 (389-606)s£200,000 cells after the
selection. The EBV specific response was likewis#l-preserved in the selection products
from six EBV-seropositive donors with a median 8f(46-63) IFNy spots per 200,000 cells
before and 91 (47-181) spots/200,000 cells dfieiselection. Stimulation with an adenovirus
(AdV) peptide served as positive control, with @sges preserved in the selection products
from all 10 donors: median 121 (13-244) spots/200,0ellsvs. 78 (24-352) spots/200,000

cells in unmanipulated PBSCs.

DISCUSSION

Engineeringthe graft to optimize the immune cell content miayprove GVL effect and
immunologic reconstitution without generating m@&¥HD. To this end, we have developed
and validated a two-step immunomagnetic depletimtgrlure that targets the naive and
central memory CD4 T cell subsets, which are thought to be more edlctive. Many
publications from our team and others [21-23] alyegalidated the positive effect of CD4
CCRY7 partial depletion on GVHD rate and/or severityleBtve CD4 T cell depletion is a
critical point as others failed to show a positfeect on GVHD when excessive concomitant

depletion of other immunocompetent cell populatioosured [12,14].

Our final objective was to perform this procedurealiniMACS that is usually restricted to
high volume samples. Because of both ethical anantiial concerns, we were limited to
develop this method on small volumes. InterestinglytoMACS-to-cliniMACS transition
has been successfully completed by other teams T&r§ makes us strongly believe that the
use of an automatic sorting process on AutoMACSIiRtbis study can be easily transferred
to cliniMACS Pro System implemented in clinical heipoietic cell processing laboratories.
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In preliminary experiments, we tested a first stépositive selection with CD#icrobeads,
but most magnetic beads failed to come off after gblection, thereby preventing sorting
according to a second marker. Magnetic particled ttan be enzymatically released are
available, but they are not licensed for clinicaeurherefore, CD8 and CD19 microbeads
were used to collect CD&nd CD19 cells in the positive fraction, whereas the CR&d
CD19 -depleted fraction, enriched with CD7% cells, was submitted to CCR&ell depletion.
At the end of this procedure, the positive fracticom the first step and the negative fraction

from the second step were pooled and analyzed.

Cells retained high viability (>95%) over cell pessing. Not using CD45RA for the second
selection step allowed preserving the minor CD45Rébset among CD34tem cells [28].
With only 27% loss within CD34cells, the resulting cell mix consistently met theget cell
doses of3 x 10 viable CD34 cells/kg and functional assays verified the preservatibn o
CD34 cell hematopoietic progenitor function. CD5nd/or CD16 NK cells were likewise
preserved, which would allow taking advantage eflteneficial effect of haplo-identical NK
cell anti-tumoral reactivity [29]. Use of CCR7 immabeads instead of CD62L to partially
deplete naive and central memory T cells was chdmsrause L-selectin is known to undergo

proteolytic cleavage by metalloproteases releasedg G-CSF mobilization of PBSC [30].

Selection procedure allowed to reproducibly deptatee than 80% of the CCRTD4 T
cells, whatever the initial proportion of CCRaells in the graft specimen. The present sorting
strategy is therefore applicable to all potentiahakrs, knowing that the proportion of CD4
naive T cells varies with donor age [31]. This @&iph of naive and central memory CDR
cells is far less than the four log and more démeaichieved by published CD45RAell
depletion procedures [12,13,15]. As expected, thiduction in the proportion of CD4
CCR7 T cells was enough to markedly decrease the albtiree response against fully
mismatched allogeneic dendritic cells, as evidenbgda significant decline in IFN-

production, a pro-inflammatory cytokine known tayk central role in GVHD [32,33].

The CD4 CCR7* effector memory cells as well as the CDfiive and effector cells were
relatively preserved, with conservation of the tig&proportions of the four subsets within
the CD8 T cell compartment. Functional tests also indiddtet the selection procedure did
not interfere with their capacity to produce IiyN_ response to Adenovirus, EBV and CMV,

pathogens which are known s@nificantly contribute to morbidity and mortaligssociated
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with HSCT. Although not tested, preserving 10 t6@6f naive CDA T cells might also help
maintaining primary responses to pathogens or tlantgens.

In conclusion, this study demonstrates the feasilof selective reduction of CDACCR7 T
cells from an allograft by a two-step immunomagnelepletion procedure, which contrasts
with alternative forms oéx vivo depletion of alloreactive cells while preservin@& and
NK cell populations for post-transplant immune mstitution. Although by not depleting all
alloreactive T cells, the present cell selectiomcpdure requires much less time thanitro
stimulation of PBSC products followed by depletmmactivated alloreactive T cells [34,35].
We are currently working on a first-in-man phase tstudy to investigate the safety and

efficacy of our procedure for the prevention afitecGVHD especially in haplo-SCT setting.

ACKNOWLEDGMENTS

The authors would like to thank all the donors vaelcoepted to participate in this research and
the members of the association Capucine for themegous support to our clinical and basic
research. We are especially grateful to CarolindloBanvolved in the preparation of
peripheral blood stem cell apheresis samples. Stnidy has been entirely conducted with a
donation from the Association Capucine and SFGM-Tiae authors declare no conflict of

interest.

AUTORSHIP

Contribution

Designed research, performed research: PV, ML
Analyzed and interpreted data: PV, SR, JT, JD, ML
Manuscript writing: All authors

Final approval of manuscript: All authors

Conflict of Interest
All these authors PV, SR, JT, JD, ML have nothimgéclare




REFERENCES

10.

11.

12.

13.

14.

Copelan EA. Hematopoietic stem-cell transpl#maN Engl J Med 2006;354:18136.

Sureda A, Bader P, Cesaro S, Dreger P, Du&it®Rfour C, et al. Indications for allo- and
auto-SCT for haematological diseases, solid tumandsimmune disorders: current practice in
Europe. Bone Marrow Transplant 2015;50: 1037.

Szydlo R, Goldman JM, Klein JP, Gale RP, Ash B&ch FH, et al. Results of allogeneic bone
marrow transplants for leukemia using donors othan HLA-identical siblings. J Clin Oncol
1997;15:176777.

Reisner Y, Kapoor N, Kirkpatrick D, Pollack MBupont B, Good RA, et al. Transplantation for
acute leukaemia with HLA-A and B nonidentical paatmarrow cells fractionated with

soybean agglutinin and sheep red blood cells. ltaifi®l;2:32731.
Shlomchik WD. Graft-versus-host disease. Nat IRemunol 2007;7:34¢62.

Al-Homsi AS, Roy TS, Cole K, Feng Y, Duffner Bost-transplant high-dose
cyclophosphamide for the prevention of graft-vesisast disease. Biol Blood Marrow
Transplant 2015;21:6041.

Ho VT, Soiffer RJ. The history and future ot&H depletion as graft-versus-host disease
prophylaxis for allogeneic hematopoietic stem tralhsplantation. Blood 2001;98:312D4.

Vadakekolathu J, Rutella S. T-Cell Manipulati®tmategies to Prevent Graft-Versus-Host
Disease in Haploidentical Stem Cell TransplantatBiomedicines 2017;5:33.

Lanzavecchia A, Sallusto F. Dynamics of T lymgyte responses: intermediates, effectors, and
memory cells. Science 2000;290:92

Romero P, Zippelius A, Kurth |, Pittet MJ, ey C, lancu EM, et al. Four functionally
distinct populations of human effector-memory COBlymphocytes. J Immunol
2007;178:41129.

Huang W, Chao NJ. Memory T cells: A helpfuagiifor allogeneic hematopoietic stem cell
transplantation without causing graft-versus-hestase. Hematol Oncol Stem Cell Ther
2017;10:211-19.

Bleakley M, Heimfeld S, Jones LA, Turtle Cakise D, Riddell SR, et al. Engineering human
peripheral blood stem cell grafts that are deplefathive T cells and retain functional
pathogen-specific memory T cells. Biol Blood Marrdvansplant 2014;20:70%6.

Teschner D, Distler E, Wehler D, Frey M, Mataic D, Langeveld K, et al. Depletion of naive
T cells using clinical grade magnetic CD45RA beadsew approach for GVHD prophylaxis.
Bone Marrow Transplant 2014;49:138-44.

Bleakley M, Heimfeld S, Loeb KR, Jones LA, @bgp C, Seropian S, et al. Outcomes of acute
leukemia patients transplanted with naive T cefiteieed stem cell grafts. J Clin Invest
2015;125:267789.

10



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Shook DR, Triplett BM, Eldridge PW, Kang Gifrasan A, Leung W. Haploidentical stem
cell transplantation augmented by CD45RA negaiwgphocytes provides rapid engraftment
and excellent tolerability. Pediatr Blood Cancet282:66673.

Touzot F, Neven B, Dal-Cortivo L, Gabrion Apdhous D, Cros G, et al. CD45RA depletion in
HLA-mismatched allogeneic hematopoietic stem cahs$plantation for primary combined
immunodeficiency: A preliminary study. J Allergyi@lmmunol 2015;135:1303-9.

Foster AE, Marangolo M, Sartor MM, Alexandértisu M, Bradstock KF, et al. Human
CD62L- memory T cells are less responsive to atigan stimulation than CD62L+ naive T
cells: potential for adoptive immunotherapy andddipletion. Blood 2004;104:24603.

Macedo C, Orkis EA, Popescu |, Elinoff BD, ¥ie&, Shapiro R, et al. Contribution of naive
and memory T-cell populations to the human alloimetesponse. Am J Transplant

2009;9:205766.

Litiens NHR, van de Wetering J, van Besouw NBdtjes MGH. The human alloreactive CD4+
T-cell repertoire is biased to a Th17 responseth@drequency is inversely related to the
number of HLA class Il mismatches. Blood 2009;194:3 55.

Distler E, Bloetz A, Albrecht J, Asdufan S, itherger A, Frey M, et al. Alloreactive and
leukemia-reactive T cells are preferentially dedivieom naive precursors in healthy donors:
implications for immunotherapy with memory T celaematologica 2011;96:1023R.

Yakoub-Agha I, Saule P, Depil S, Micol J-Bu@macher C, Boulanger-Villard F, et al. A high
proportion of donor CD4+ T cells expressing thepynmode-homing chemokine receptor CCR7
increases incidence and severity of acute grafigehost disease in patients undergoing
allogeneic stem cell transplantation for hemataabgmalignancy. Leukemia 2006;20:1555.

Choufi B, Thiant S, Trauet J, Cliquennois Nhe@el M, Boulanger F, et al. The impact of donor
naive and memory T cell subsets on patient outdoiteving allogeneic stem cell
transplantation: Relationship between infused d&@i4(+)/CCR7(+) T cell subsets and acute
graft-versus-host disease. Pathol Biol (Paris) 22:423 8.

Portero-Sainz |, Gomez-Garcia de Soria V, @Guesteos C, Fernandez-Arandojo C, Vega-Piris
L, Royg M, et al. A high migratory capacity of darib-cells in response to the lymph node
homing receptor CCRY7 increases the incidence aratigeof GvHD. Bone Marrow Transplant
2017;52:74552.

Choufi B, Trauet J, Thiant S, Labalette M, ¥ali-Agha |. Donor-derived CD4+/CCR7+ T-cell
partial selective depletion does not alter acquénetitinfective immunity. Bone Marrow
Transplant 2014;49:611-5.

Bleakley M, Otterud BE, Richardt JL, MollerAp, Hudecek M, Nishida T, et al. Leukemia-
associated minor histocompatibility antigen diseguesing T-cell clones isolated by in vitro
stimulation of naive CD8+ T cells. Blood 2010;11%23- 33.

Chen BJ, Cui X, Sempowski GD, Liu C, Chao Nansfer of allogeneic CD62L- memory T
cells without graft-versus-host disease. Blood 2008:153441.

Bondzio I, Schmitz J, Huppert V. CliniMACS® ICEnrichment Using NKp46 — A Large
Scale, Single-Step NK Cell Isolation Method. BI&aD7;110:38773877.

11



28.

29.

30.

31.

32.

33.

34.

35.

Bender JG, Unverzagt K, Walker DE, Lee W, 818if Williams S, et al. Phenotypic analysis
and characterization of CD34+ cells from normal harbone marrow, cord blood, peripheral
blood, and mobilized peripheral blood from patiamtslergoing autologous stem cell
transplantation. Clin Immunol Immunopathol 199411B8.

Lee DA, Denman CJ, Rondon G, Woodworth G, Chdtisher T, et al. Haploidentical Natural
Killer Cells Infused before Allogeneic Stem Cellfisplantation for Myeloid Malignancies: A
Phase | Trial. Biol Blood Marrow Transplant 20162290 8.

Smalley DM, Ley K. L-selectin: mechanisms @hgsiological significance of ectodomain
cleavage. J Cell Mol Med 2005;9:255.

Saule P, Trauet J, Dutriez V, Lekeux V, DadsiiP, Labalette M. Accumulation of memory T
cells from childhood to old age: central and effechemory cells in CD4(+) versus effector
memory and terminally differentiated memory cei<GD8(+) compartment. Mech Ageing Dev.
2006;127:27481.

Ferrara JLM, Levine JE, Reddy P, Holler E.fGrarsus-host disease. Lancet
2009;373:155061.

Wang H, Yang Y-G. The complex and central afleterferony in graft-versus-host disease
and graft-versus-tumor activity. Immunol Rev 20B68230-44.

Mielke S, Solomon SR, Barrett AJ. Selectivpleliéon strategies in allogeneic stem cell
transplantation. Cytotherapy 2005;7:108.

Amrolia PJ, Muccioli-Casadei G, Huls H, Adag)Durett A, Gee A, et al. Adoptive

immunotherapy with allodepleted donor T-cells im@a® immune reconstitution after
haploidentical stem cell transplantation. Blood 008:1797808.

12



Table 1. Cellular composition of PBSC apheresis produefsie (PRE-SORT) and after
(POST-SORT mix) the two-step CDECRY7 cell selection procedure.

PRE-SORT POST-SORT Proportion of loss in POST-
Cell subset (Cells x 10%/kg) (Cells x 10%/kg) SORT fraction
Median, range Median, range Median (%), range (%)
Total nucleated cells 553 (374-964) 298 (208-419) 46 (43-66)
Immunocompetentcells
CD3*T cells 190 (97-368) 82 (42-99) 58 (50-74)
CD3*CD4* T cells 115 (66-292) 24(13-45) 79 (69-85)
CD4*CCR7* T cells 97 (53-266) 10 (3-23) 89 (82-94)
CD4* Ty, cells 60 (33-168) 6(2-10) 91(83-96)
CD4* Ty cells 29(15-98) 4(1-15) 86(79-92)
CD4*CCR7: T cells 19 (12-40) 12 (8-32) 31(11-47)
CD4* Ty, cells 18(10-31) 12 (7-27) 28(9-45)
CD4* Tepra cells 1(0-10) 1(0-5) 39(17-44)
CD3*CD&*T cells 65(31-92) 48 (24-75) 20(14-31)
CD8*CCR7* T cells 26(11-70) 21(10-59) 17 (4-28)
CD8* Ty, cells 23(10-69) 19 (9-58) 16 (4-27)
CD8* Ty cells 2(1-6) 2(1-4) 28(2-34)
CD8*CCR7™=T cells 22 (17-65) 16 (9-50) 28(21-47)
CD8* Ty cells 9(5-18) 6(4-14) 25(16-36)
CD8* Tewra cells 13 (5-47) 9 (4-36) 28(12-36)
CD19'B cells 43(27-130) 41(27-107) 10 (2-27)
CD3-CD56" and/or CD16* NK cells 13 (4-28) 11(4-22) 10 (1-33)
CD14* monocytes 253 (42-412) 140 (25-239) 43(37-53)
CD34" cells 5,5(4,5-9,8) 4(3,4-6,9) 27 (16-40)

T, naive T cells; T,, central memory T cells; J, effector memory T cells; .. CD45RA effector

memory T cells.
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L egendsof figures

Figure 1. Two-step immunomagnetic selection procedure. Procedure involving a positive selection
of CD8" and CD19 cells from PBSC apheresis specimens (PRE-SORT),ttlean CCR7 deletion
from the negative fraction. The two selection prdduvere then pooled and referred to as POST-

SORT to evaluate the cellular composition and fianetl responses of the mix.

Figure2. Selective reduction of CD4+ CCR7+ T cels by the two step immunomagnetic
procedure. (A) Flow cytometry plots showing the proportiof €D4+CCR7+ T cells in a
representative PBSC apheresis product before (RREFP and after (POST-SORT mix) the

selection Percentages of the live-gated population for eackdigant are included. (IS’JD4+CCR7+

cell content (adjusted to ?Lﬁells/kg) in the initial PBSC product (PRE-SORT daafter mixing the
two final selection fractions (POST-SORT).

Figure 3. Hematopoietic progenitors before and after the two-step selection procedure. (A) CFU-

GM colonies in the initial PBSC apheresis prodlRRE-SORT) and in the pooled selection products
(POST-SORT) (B) BFU-E colonies in the PRE-SORT B@ST-SORT products. Resultant colonies
were enumerated after 14 days of culture initiatéth 5 x 1 CD34 cells/mL. Bars represent the

mediansNS. not significant.

Figure 4. One-way mixed lymphocyte dendritic cell reactions to compare the alloreactive
response before and after the two-step selection procedure. (A) IFN-y ELISPOT wells from
representative co-cultures of PRE-SORT and POSTIS@Rducts from the same donor. (BN-y
responses in the ten PRE-SORT and POST-SORT pwmodfiet six days of stimulation by allogeneic

dendritic cells Bars represent median values. **indica®e®.01.

Figure 5. ELISPOT assays evaluating pathogen-specific IFN-y secretion in PRE-SORT and
POST-SORT products stimulated with a pand of viral peptides. (A) IFN-y ELISPOT wells

comparing responses of representative PRE-SORTP@®RIT-SORT selection products from CMV,
14



EBV, and Adenovirus (ADV) seropositive donors, mdjvely. HTLV1 antigen served as a negative
control. (B) IFNy response of all ten PRE-SORT (circles) and POSREQGelection products

(squares) after six days of stimulation with two ZMeptides. (C)FN-y responses in seven PRE-
SORT (circles) and POST-SORT selection productsases) after six days of stimulation by an EBV

peptide. As shown, there were no responses with ftein the seronegative donors.
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Table 1. Cellular composition of PBSC apheresis products before (PRE-SORT) and after

(POST-SORT mix) the two-step CD4 CCR7' cell sdlection procedure.

Cell subset

PRE-SORT, cells x
10°/kg

(Median , range)

POST-SORT ,cells x
10°/kg

(Median, range)

Proportion of loss in
POST-SORT fraction,
percent

(Median, range)

Total nucleated cells 553 (374-964) 298 (208-419) 46 (43-66)
Immunocompetent cells
CD3" T cells 190 (97-368) 82 (42-99) 58 (50-74)
CD3" CD4" T cells 115 (66-292) 24 (13-45) 79 (69-85)
CD4" CCR7" T cells 97 (53-266) 10 (3-23) 89 (82-94)
CD4" Ty cells 60 (33-168) 6 (2-10) 91 (83-96)
CD4" T cells 29 (15-98) 4 (1-15) 86 (79-92)
CD4" CCR7™ T cells 19 (12-40) 12 (8-32) 31(11-47)
CD4" Tgy cells 18 (10-31) 12 (7-27) 28 (9-45)
CD4" Teypra cells 1 (0-10) 1(0-5) 39 (17-44)
CD3" CD8" T cells 65 (31-92) 48 (24-75) 20 (14-31)
CD8" CCR7" T cells 26 (11-70) 21 (10-59) 17 (4-28)
CD8" Ty, cells 23 (10-69) 19 (9-58) 16 (4-27)
CD8’ Ty cells 2 (1-6) 2 (1-4) 28 (2-34)
CD8’ CCR7 T cells 22 (17-65) 16 (9-50) 28 (21-47)
CD8’ Tgy cells 9 (5-18) 6 (4-14) 25 (16-36)
CD8" Tewra cells 13 (5-47) 9 (4-36) 28 (12-36)
CD19" B cells 43 (27-130) 41 (27-107) 10 (2-27)
CD3 CD56" and/or CD16" NK cells 13 (4-28) 11 (4-22) 10 (1-33)
CD14" monocytes 253 (42-412) 140 (25-239) 43 (37-53)
cD34" cells 5,5 (4,5-9,8) 4 (3,4-6,9) 27 (16-40)
TN naiveT cdlls; TCM central memory T cells; TEM effector memory T cells; T CD45RA+ effector

memory T cells.
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