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NK cells after HSCT

Capsule Summary

We describe a compensatory expansion of activaterdoxic CD56""NK cells during T-cell deficiency after
hematopoietic stem cell transplantation. This manike situation in severe inborn T-cell deficiescand
unmasks the functional and phenotypic versatilfitiNK cells.
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To the editor:

Cytokine-producing, non-cytotoxic CDBE"CD16™ (CD56™™) NK cells constitute a minor population of NK
cells in blood of healthy individuals® Both early after hematopoietic stem cell transgiion (HSCT) and in
patients with severe inborn T-cell deficiencies, bidls are skewed towards the CP88 NK cell phenotypé®

" These clinical situations are marked by the absesfcT-cells. The role of NK cells in immunity may
normally be overshadowed by the presence of T .c&lerefore, transient T-cell deficiency after HSCT
provides an opportunity to unveil compensatory &atigms in the CD58%" NK cell compartment.

We evaluated the reconstitution of T and NK cefisninety-three pediatric acute leukemia patient® wh
received an HSCT from a matched-unrelated donorVbr HLA-identical related donor (IRD). See Online
Repository for methods and cohort description. PedaT-cell reconstitution was defined as <100 Tsgdl at
four weeks after HSCT and occurred in 33 patieB&%). In patients with a delayed T-cell reconsittoyt
CD56""NK cells expanded to high numbers, reaching me@2ihcellsjil (range 5-1255) at four weeks after
HSCT. In contrast, this strong expansion of CH%5NK cells was only observed in a minority of patewith

a rapid T-cell reconstitution (Figure 1B and Fig&®A in the Online Repository). CD8E™ NK cell numbers
remained high until T-cell reconstitution occurred,demonstrated by inverse log-linear correldbetween T-
cell numbers and CDSE™ NK cell numbers at 4, 8, 12 and 16 weeks after H$Eigure 1A-B and Figure
E1B). The skewing towards CD%8" NK cells after HSCT is often used to support thedtpesis that
CD56 " NK cells are the precursors of COBNK cells. However, recovery of CD%8 NK cells after HSCT
was independent of T-cell reconstitution (Figure &6d Figure E1A,C), arguing against a sequential
reconstitution of CD5%%"and CD56™ NK cells.

We compared patients with >300 CH%8' NK cellspl in the first 3-6 weeks after HSCT (n=38) to those
without CD56"™NK cell expansion (<300 CD8®™ NK cellsful, n=55) to study the correlation with various
other HSCT parameters. In multivariate analysis56T9" NK cell expansion was only correlated with the use
of anti-thymocyte globulin (ATG) serotherapy (oasgping with MUD donors, p<0.001) and the absenceé-of
cells at four weeks after transplantation (p=0.002ble E1 in the Online Repository). Because ATG
serotherapy leads to delayed T-cell reconstitftfynwe conclude that delayed T-cell reconstitutiopresents
the main determinant of the expansion of CBH%6NK cells.

Next, we measured the longitudinal expression oftBdmokine-receptors, adhesion-molecules and NK cel
markers on CD5%%™ NK cells from HSCT recipients (n=20) and healttondrs (HD, n=16)t-SNE analysis
visualizing these phenotypic data revealed that €% NK cells at 3-4 weeks after HSCT differed from
CD56"9" NK cells in steady state conditions (Figure 2A-Bost-transplant CD3&™ NK cells had a
significantly increased expression of inflammatohemokine-receptors (CCR2, CCR5 and CX3CR1) and the
skin-specific cutaneous lymphocyte antigen (CLAgUfe 2B and Figure E2 in the Online Repository) ACL
and CX3CR1 were transiently expressed, while otbeeptors remained high for weeks (CCR5) or months
(CCR2). This suggests specific regulation of indiindl chemokine-receptor expression rather thannergé
activation of NK cells. Interestingly, post-transpt CD58"™ NK cells had a reduced expression of the
chemokine-receptors CCR7 and CXCR3, indicating cedthoming to lymphoid organs (Figure 2B). Together
these data emphasize that post-transplant EB5BIK cells have adopted the phenotype of effectis ce
Post-transplant CDS&™ NK cells lacked the early differentiation mark€B127 and CD27. A proportion of
these cells expressed KIRs and CD57, late diffexéon markers normally only expressed by CHB&NK
cells. This suggests that post-transplant CE88\K cells are more differentiated than HD CH%8 NK cells,
although the expression of these markers can asdgfected byn vitro activation®*

Conventional CD589" NK cells are abundant cytokine producers but db express granzyme B at rest,
requiring pre-activation to obtain cytolytic potemf® The IFNy and TNFe production and perforin
expression of NK cells early after HSCT was combiarao healthy donors (Figure 2C and E8).However,
post-transplant CD38™ NK cells expressed granzyme B at rest (94 vs 16@)( p=0.002, Figure 2D).
Accordingly, they were cytotoxic without pre-activa. Their cytotoxicity was comparable to NK cefiem
three or more months after HSCT and healthy dormty containing predominantly CD¥BNK cells (Figure
2E). In contrast, purified HD CD8®" NK cells were only cytotoxic after overnight actiiam with 1L15
(Figure 2F). Together, the functional profile ofspéransplant CD58™ NK cells corresponds with that of
conventional, cytokine secreting CO88'NK cells that have acquired cytolytic potential, shbkely as result
of in vivo activation.
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Various studies have highlighted the inferior omteoof patients with a delayed T-cell reconstitutedter ATG
serotherap$® In subgroup analysis, transplant-related mortaligykemia-relapse and overall-survival were
comparable between patients with rapid T-cell rsttmtion (n=60) and patients with a delayed T-cell
reconstitution but with CDS8™ NK cell expansion (n=26, Table E2 in the OnlingpBsitory). Only patients
lacking both rapid T-cell reconstitution and CB%8' NK cells expansion (n=7) had a high mortality. &hi
suggests that NK cells may be able to bridge tlelTeeficient period after HSCT.

The expansion of activated CO%B8" NK cells with increased effector characteristicsthie setting of T-cell
deficiency could be elicited by infectious or narieictious inflammatory triggers. In view of the eéocbf NK
cells in antiviral immunity, it is possible thatetiexpansion of CD38"™ NK cells is driven by viral infections
which frequently occur in the T-cell deficient patiafter HSCT.

Our data are in line with the reported observatiorgatients with severe inborn or acquired T-defliciencies.

In patients with RAG and ARTEMIS deficiencies, arcrieased proportion of NK cells had the CP8®
phenotype, and these cells degranulated strongbn woculture with K562 In HIV patients, an inverse
correlation between CD4T-cell numbers and CD86™ NK cells was observed. These cells also had aceetiu
expression of CCR7 and an increased expressioranzgme B

Together with the changes in the NK cell compartnierther T-cell deficient situations, our datardmstrate
that CD56"™ NK cells form a versatile cell population whichncaxpand and acquire additional effector
functions in the absence of T-cells. The reactibanges in the NK cell compartment may represent a
compensatory response of NK cells to inflammatarinéectious triggers when T-cells are not pregergxert
their function. The setting of T-cell deficiencyopides a unique opportunity to further study thelduy of
human NK cells and their role in human disease.
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Figure Legends

bright

Figure 1. Expansion of CD56 NK cells in patients with delayed T-cell reconstitution.

(A-C) Reconstitution of T-cells (A), CD5&™ (B) and CD58™ NK cells (C) in 93 HSCT recipients. Each row
represents a patient. Patients were sorted bylTemminstitution. HD values are shown in legefid) Side bars
displaying donor type, graft source, graft versosth(GvHD) prophylaxis and active (T-cell bindingl'G
concentration. Abbreviations: PBSC: peripheral diatem cells, BM: bone marrow, CSA: cyclosporin A,
MTX: methotrexate, MMF: mycophenolate mofetil, Aatbitrary units.

Figure 2. Phenotype and function of CD56""%" NK cells after HSCT

(A-B) t-SNE analysis of the expression of 34 cell-surfacekers on CD589"NK cells in 134 samples from
20 HSCT recipients and 16 HD. Distance between idtisates the difference in phenotype. Plots atered
by time after HSCT (A) and marker-expression (BanBe: percentage or fluorescence-intensity (Flj.gating
strategy and non-depicted markers: see Online Repas

(C-D) Intracellular expression of granzyme B and penfami NK cells at 4, 12 and 52 weeks after HSCT (n=3
and HD (n=3). Bars: mean +/- SEM.

(E-F) Cytotoxicity of: (E) unmanipulated PBMC 3 and 10 weeks after HSCT aid (Week 3: >95%
CD56"9"). (F) Resting and overnight IL15-activated FACS-purifid® NK cells. Representative graphs of
three (E) and two (F) experiments.

G. Lugthart et al. NK cells after HSCT 5



A CD3* T cells B CD56is"t NK cells C CD56™ NK cells D Baseline

bl sl o
1 T T T

3 4 6 8 12 16 26 52 104 3 4 6 8 12 16 26 52 104 3 4 6 8 12 16 26 52 104 38< T
Weeks after HSCT Weeks after HSCT Weeks after HSCT 23 ] § §
o w
[m]
T cells £ NKcells T cell Delayed Donor  Graft GvHD Active ATG Dgfg I ATG
. o - — i 0]
! 3000 3 1500 Recovery: i type Source Prophylaxis no ATG O
10003, S 500 3 | mvup | PBsc I CSA+MMF 0 -04
) 2 i ) IRD BM CSA+MTX 01-03 E
[=] H - - £
S M-500 8 3 250 g CSA alone 03-1.0 3
. 250 g 125 1.0-30 <
0 = .0 3.0-6.0
HD HD




@ %
& °
® °
o‘ﬁo

Week after HSCT:
4 6 8 12 16 26 52 HD

Expression:

CcD117

L
ocnd o o ee
oo 2
o
\‘5.0.. »

« ‘.‘ 3‘0.

P ®
L ]

15-70 %

o

200
100 -

Perforin (FI)
:

14
(=]
Week: YOHE vog@

CD56°"9" CD56%™

m

Granzyme B (%)
8 38 8

S
K562 lysis (%of max)

CD56"" CcD56™

60+

50

40-

304

204

104

CX3CR1

oo

) Sow
‘@'g.;'\o?.
L]

50 - 150 FI

CD57

"o‘.. ()
R SN
EE S

-'. .
PO E v
L ]

0-20%

-+ UPN674 W3 (>95% bright)
UPN674 W10 ( 20% bright)

( 10% bright)

64

L L L
© ¥ N+ 1
=

32
16 -

Effector : Target ratio

0
N
=)

0.125
0.0625
0.03125

K562 lysis (%of max)

CCR6 CLA
ACAES ® o‘.‘. o
* % cof
2! _,':.‘s e e 3
- “o, «' & 3
SRS g
0-60 % 0-80%
CD54 CD11b

.
a"E.&.‘é - . ‘.g.
10-60 FI 5-100 FI
DNAM1 NKG2D
w8 9, - ™
- ® “Q ; .M;" g ?
0.\" & 0.0’~ © o -
»
.(.- ) X
5-20Fl 5-30FI

-+ HD bright —e— HD dim

_w. HDbright _ o = HDdim
o/niIL15 o/n IL15
& e - -

0.25

0
&
S

0.0625
0.03125

Effector : Target ratio



Online repository

Accompanying:

G. Lugthart et al.

Expansion of cytotoxic CDS8™ NK cells during T cell deficiency after allogendiematopoietic stem cell
transplantation

Supplementary Methods

Patients, blood samples and ethics statement

Between 1-1-2005 and 31-12-2014, 99 pediatric adytephoblastic leukemia (ALL) or acute myeloid
leukemia (AML) patients received a bone marrow (Bdd)peripheral blood stem cell (PBSC) graft from an
identical related (IRD) or matched unrelated dofidtJD) after myeloablative conditioning in the Leile
University Medical Center. Only patients who reeslvanti-thymocyte globulin (ATG, Thymoglobulin,
Genzyme, Cambridge, MA, USA) or no serotherapy werguated (n=94). Patients were only includedrafte
their first transplantation. One patient who dieithim one week after HSCT was excluded, resultmg cohort

of 93 patients. Patients received a graft from &hed-unrelated donor (MUD, n=60) or HLA-identicalated
donor (IRD, n=33). MUD transplantation was alwagsnbined with ATG serotherapy. 15 patients receiged
peripheral blood stem cell graft graft, the remainv8 patients received a BM graft. The median\ags 9.2
years (range 0.8-17.8).

All transplantations were performed according tiamal protocols and in line with the recommendasiof the
European group for Blood and Marrow Transplantatferipheral blood samples taken at 3, 4, 6, 816226,

52 and 104 weeks after HSCT were evaluated. Follpvended earlier when leukemia relapsed (n=20her t
patient died (n=10). Blood samples were freshiylyaeal. In addition, blood samples were cryopresgramed
used for phenotypic and functional analyses witbrapal of the institutional review board (protod?01.028).
Informed consent was obtained from all patientd@mitheir parents or legal guardians.

Monitoring of immune reconstitution

To monitor immune reconstitution, peripheral bloadite blood cell counts including full leukocyte
differentiation were performed weekly. Freshly &éed peripheral blood mononuclear cells (PBMC) were
analyzed by flow cytometry to determine the sizdifferent lymphocyte populations and subsets. PBMiCe
separated from EDTA blood using ficoll-isopaque signgradient centrifugation (LUMC Pharmacy, Leigen
NL) and stained with antibodies as listed in Tab8 Four-color flow cytometry was performed on a BRCS
Calibur II flow cytometer (Becton Dickinson Biosniges (BD), Franklin Lakes, NJ, US) and data were
analyzed using BD Cellquest software. Lymphocytesewdefined as CD4%&D33/CD235a/CD14cells within

the forward / sideward scatter lymphocyte gate.eflscand NK cells were defined as CD®Rlls and CD3
CD56  cells in the lymphocyte population, respectivelyn a separate tubeCD56"9"CD16” and
CD56'"™CD16" NK cells were gated within the CBED14 lymphocyte gate (Figure E4 A-B).

Multicolor flowcytometry

The expression of 42 cell surface markers_(l? ctk@meoreceptors, 10 adhesion molecules and 15 NK cel
markers) was measured on CB¥%B and CD56™ NK cells in a subgroup of 20 HSCT recipients afchgalthy
donors. For this, patients were selected that didreceive prednisolone. Cryopreserved PBMC weasvéid

G. Lugthart et al. NK cells after HSCT El



and subjected to a three step staining procedtee Hfi recovery at 37°C / 5% G@ AIM-V medium (Life
Technologies) with 10% fetal calf serum (FCS, GEcldge, Logan, UT, US). All antibodies used areelisin
Table E3. PBMC were first incubated with unconjeghtantibodies, washed twice and stained with
fluorochrome-labeled secondary antibodies. For tthied step, PMNC were stained with directly labeled
antibodies in the presence of normal mouse serdm(¢¥v), Seralab, London, UK). Prior to analysig\®l (25
ng/ml, Sigma-Aldrich) was added.

Data were acquired on a LSR Il flow cytometer (BacDickinson (BD), Franklin Lakes, NJ, U8%ing FACS
Diva Software (v6.1, BD). Data were acquired ofiedtédnt days, but with the same instrument settirgs.each
experiment, spectral overlap was compensated baisesingle stained cells. All samples from an indial
patient were measured in a single experiment. Téesorface marker panel was validated for the aise
cryopreserved cells by the comparison between faeshcryopreserved PBMC from four healthy donomd an
two HSCT recipients at one month after HSCT. Wedused CD58™CD16 NK cells from further phenotypic
characterization as they constituted a separatelgtign in cryopreserved but not in fresh PBI&.Also,
CD49b was excluded from further analysis becauseepression of this marker was significantly rextlion
cryopreserved cells (data not shown). The othekenarcould be measured reliably on cryopreserveddlls.
The gating strategy is depicted in Figure E4C. Ct¥8€D16" and CD56™CD16" NK cells were defined as
living, non-doublet CDED7" lymphocytes expressing CD56 and/or CD16. Flow mgwic data were
analyzed using Kaluza software (v1.3, Beckman @ouBrea, CA, US). For each NK cell population, the
expression of the cell surface markers was caledlats follows: for cell surface markers with a biab
expression, the percentage of positive cells misotype control was calculated; for markers wittoatinuous
expression, the ratio of geomean fluorescence sitieaf marker and isotype control (FI) was calteth

t-SNE analysis of cell surface receptor expression data

We used-distributed stochastic neighbor embedding (t-SElysis to visualize the flowcytometry d&ta®
The population expression profile of 34 cell suefacarkers on CD3&™NK cells from 134 blood samples of
20 patients and 16 healthy donors were combinghisnt-SNE analysis. The following markers wereluded

in the analysis: chemokine receptors CCR2, CCRR&CCR7, CXCR1, CXCR2, CXCR3, CXCR4, CXCR6
and CX3CR1; adhesion molecules cutaneous lymphaeittgen (CLA), Integrirg7 (ITGB7), CD11a, CD11b,
CD31, CD44, CD49d, CD54 and CD162; NK cell recept@D27, CD57, CD69, CD94, CD117, CD127,
NKp30, NKp44, NKp46, NKp80, NKG2A, NKG2C, NKG2D, DM1 and pan-KIR mix. CD56 and CD16
were not included in the t-SNE analysis as thesekens were used for the population definition. Tdedl
surface markers CCR1, CCR3, CCR4, CCR8, CCR9, CCRXCR5 and CD103 were not included in the t-
SNE analysis because these receptors were neitipeessed on CD3&™ nor on CD56™ NK cells. For
missing data, the average expression of the cdta marker on the concerning NK cell subset at time
point was used.

Population expression data (percentage or Fl)dohenarker were normalized on a scale from 0-1@, each
value expressed as a percentage of the range betiveehighest and the lowest value. Two-dimensional
Barnes-Hutt-SNE analysis was perform&d™ Plots show all individual samples and are basethet-SNE
field parameters V1 and V2. Because of the randibectein t-SNE analysis, 20 runs of t-SNE were parfed,
all resulting in comparable plots. Afterwards, datsre colored to highlight different time-pointsdére 1A).
The relative expression of individual cell surfavarkers was plotted in separate dot plots (FiglBg To
reduce the visual impact of outliers to the colodiog display, the very low (<p2.3) and very higip97.7)
values for each cell surface marker were replagethe p2.3 and p97.7 value after thENE analysis but
before the construction of plots of individual calirface marker expression.

In vitro assessment of cytotoxicity and cytokine production

To assess the cytotoxic potential of post-trangp@D56™9" NK cells, PBMC from 3 patients with >95%
CDb56bright NK cells at 1 month after HSCT were u'm_ed chromium release assay and compared with PBMC
from 3 months after HSCT (with CD%8 and CD58™™ NK cells) and with healthy donor PBMC. After

G. Lugthart et al. NK cells after HSCT E2



thawing, cells were rested overnight in AIM-V memiwith 10% FCS and their cytotoxicity against K5&dls
was evaluated in a 4h chromium release assay appsty described® The cytotoxicity of unselected NK
cells from PBMC was compared to the cytotoxicitypofified healthy donor CDS&™ and CD56™ NK cells.
For this, CD58"" and CD56™ NK cells were purified by fluorescence activatedl sorting (FACS) from
freshly isolated healthy donor PBMC as describeelvipusly €” and rested overnight in the absence or
presence of IL15 (10 ng/ml, Cellgenix, Freiburgri@any).

Cytokine production of post-transplant CB%8'NK cells was evaluated in PBMC from three patieattd, 3
and 12 months post HSCT and 2 healthy donors. P*4XBMC were cultured in AIM-V medium with 10%
FCS for 16-18h. Cells were either unstimulated diion@) or stimulated with recombinant human 1L12 (10
ng/ml, Peprotech, Rocky Hill, NJ, US), IL15 (10 md), IL18 (20 ng/ml, MBL International, Woborn, MAJS)

or combinations of these monokines. BD golgistoi300, BD) was added during the last 4h of cult@ells
were harvested, stained for cell surface markeesdfand permeabilized and stained for intracetlirterferon-

vy and tumor necrosis factar{IFN-y & TNF-a, Table E3) in a paraformaldehyde/saponin baseddelular
staining protocol as previously describ&d.

Measurement of active ATG concentrations

Patients receiving a stem cell graft from a MUDeiged ATG at a cumulative dose of 10 mg/kg bodyglrein

3-4 doses from day -5 to -1 pre-HSCT. Active ATGéelks were routinely measured using quantitativevflo
cytometry assays as previously descrii@dActive ATG was defined as the fraction of the procapable of
binding to the HUT-78 T cell line. In short, HUTlisewere incubated with fourfold dilutions of patteserum,
washed and incubated with Alexa Fluor 647 (A64Belad goat anti-rabbit IgG (Life Technologies, Ghdd,
CA, USA). Subsequently, cells were washed and thisf=A647 was measured by flow cytometry on a BD
FACS Calibur 1l flow cytometer. To construct a mefiece curve, HUT cells were incubated in 25% pooled
human serum supplemented with known amounts of Afr&ight from the vial of the supplier. Active ATG
was measured in arbitrary units (AU). Five mg/ml @Twas arbitrarily set at containing an active ATG
concentration of 5000 AU/m{E?

Data analysis and statistics

Data were analyzed and figures were construct@&l(version 3.3.2, 64 bit; R Foundation, Vienna, #ia3$ and
GraphPad Prism (Version 7.02, GraphPad Softwane O8ego, CA, US). Data were pre-processed usindgRthe
package dplyfF'® Barnes-Hut-SNE analysis was performed using the R packageef&t8tieatmaps and dot
plots were built using the R packages Heatmap3lot@jand Rcolorbrewef** Linear regression analysis on
log-transformed data was used to evaluate the lative between T- and NK cell numbers. Univariate
associations between HSCT characteristics andpension of CD5%™ NK cells after HSCT (>300 cellgd)
were evaluated using logistic regression analyEie Firth penalized likelihood bias-reduction methwas
applied for categorical variables with completeadsgparation using the R package loditf Parameters with
p-values <0.10 in univariate analysis were included in a multiate logistic regression analysis using backward
stepwise elimination. For subgroup analysis, chiasg test was used to compare the distributioratefgorical
parameters between all 4 groups and (combinatiGnsutbgroups. Unpaired t tests on log-transformath d
were used to compare cell numbers and cell surfarer expression on CD%B"NK cells between patient
samples and/or healthy donoPsvalues <0.01 were considered statistically significant. The &oroni-Holm
method was used to correct for multiple comparisoiis
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Supplementary Figure Legends

Figure EL. Correlation between T cell and NK cell reconstitution after HSCT.

(A) Absolute cell numbers of CD88" (red) and CD58™ (blue) NK cells at 3, 4, 6, 8, 12, 16, 26. 52 40d
weeks after HSCT (n=93) and in healthy donors (D=Pétients were devided in two groups based oellT ¢
reconstitution < and > 100 cellgl/ at 4 weeks after HSCT. Boxes: median and intetdeaange, whiskers: 5-
95 percentile, dots: outliers.

(B-C) Correlation of CD3+ T cell numbers wih) CD56"" NK cell numbers andB) CD56™™ NK cell
numbers at 4, 8, 12 and 16 weeks after hematopaitetin cell transplantation (HSCT) in 93 patieBtstistics:
Linear regression analysis on log-transformed data

Figure E2. Cell surface marker expression on CD56"'9" and CD56"™ NK cells,

The expression ofA) chemokine receptor¢B) adhesion molecules a{€) NK cell receptors on CD3&"™
(red) and CD58" (blue) NK cells at 3, 4, 6, 8, 12, 16, 26 and G&ks after HSCT (n=20) and healthy donors
(HD, n=16). No expression of CCR1, CCR3, CCR4, COBRBR9, CCR10, CXCR5 and CD103 was measured
on NK cells (data not shown). Bars: mean +/- SEMsdindividual patients. Expression: percentagmafker
minus isotype control (%) or fluorescence intengiffio of marker / isotype control (FI). Dotted din
normalized FI of isotype controp values: Unpaired t test on log-transformed data. Comparigetween
healthy donor CD58%"NK cells and post-transplant CDB8" NK cells at week 4 (unless otherwise stated).
values are only shown when significant after Bonferronikidocorrection for multiple comparisons. NS: not
significant after Bonferroni-Holm correction.

Figure E3. Cytokine secretion of NK cells after HSCT.

Intracellular expression of interferanéA, C) and TNFe. (B, D) in CD56"9" (red, A, B) and CD58" (blue, C,
D) NK cells at 4, 12 and 52 weeks after HSCT (na3) healthy donors (n=2) cultured in absence semee
of (combinations of) IL12, IL15 or IL18. Bars: meafr SEM.

Figure E4. Gating strategy.

The combination of flowcytometry on fresh PBMC, aloge leukocyte counts and full leukocyte diffeiation
was used to calculate absolute cell numbers ofil§, D56 and CD56™ NK cells. The expression of cell
surface markers was evaluate on CB%6and CD56™ NK cells using cryopreserved PBMC. An example of
the gating strategy is shown fo{A-B) fresh andC) cryopreserved sample at four weeks (A1-C1) andyeae
after HSCT (A2-C2).

(A) In tube 1, lymphocytes were defined as CD45+ CDB2/85a/CD14- within the forward / sideward scatter
lymphocyte gate. T-cells and NK cells were defiesdCD3+ cells and CD3-CD56+ cells in the lymphocyte
population, respectively.

(B) In tube 2, CD5B""CD16" and CD56™CD16" NK cells were gated within the CD3-CD14- lymphaeyt
gate.

(C) In cryopreserved samples, DAPI was used to exaiedel cells. CD58%"CD16" and CD56™CD16" NK
cells were defined as living, non-doublet CD3-CDTymphocytes expressing CD56 and/or CD16.
CD56"™CD16 NK cells were excluded as they represented a apaopulation in cryopreserved but not in
fresh PBMCE?
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TableEl.

CD56™9NK cells

CD56™INK cells

>300 cells/l (n=38) <300 cells/ul (n=55) pvalue
Baseline N % N % Univariate' Multivariate”
Donor type® MUD (vs. IRD) 37 97.4% 23 41.8% <0.001 NA3
Graft Source PBSC (vs. BM) 9 23.7% 6 10.9% 0.100 NS
GVHD Prophylaxis’ CSA+MTX 35 92.1% 36 65.5% 0.001 NS'
CSAalone 0 0.0% 17 30.9%
CSA+MMF 3 7.9% 2 3.6%
Serotherapy® ATG (vs. none) 37 97.4% 23 41.8% <0.001 <0.001
<100 T cells/ul at week 4 26 68.4% 7 12.7% <0.001 0.002
Median Range Median Range
ATG conc. atweek 3 (AU/mI) 112 0- 59 0.32 0- 49 0.016 NS
ATG conc. at week 4 (AU/ml) 039 0- 37 0.06 0- 1.7 0.032 NS
Age (years) 77 08-177 107 0.8-17.8 0.042 NS
Outcome N % N % Univariate Multivariate®
CMV viremia (2x>10° copies/ml) 6 15.8% 8 14.5% 0.870
EBV viremia (2x>10° copies/ml) 13 34.2% 6 10.9% 0.006 0.15
hAdV viremia (2x>10° copies/ml) 4 10.5% 4 7.3% 0.580
Acute GvHD (grade 11-1V) 6 15.8% 16 29.1% 0.140 0.64
Chronic GvHD (extended) 3 7.9% 6 10.9% 0.440
Leukemiarelapse 7 18.4% 14 25.5% 0.430
Transplant related mortality 2 5.3% 5 9.1% 0.490
One year survival 33 86.8% 44 80.0% 0.390
Overall surviva 26 73.7% 37 67.3% 0.510
bright

Table E1. Comparison of HSCT recipients with and without CD56

NK cell expansion

Baseline characteristics and outcome parameters of HSCT recipients with and without expansion of CD56™19"
NK cells (>300 cells/ul) within six weeks after HSCT. p values: *Univariate logistic regression analysis and
“multivariate logistic regression analysis using backward stepwise elimination. *All MUD and none of the IRD
graft recipients received ATG serotherapy. “The Firth penalized likelihood bias-reduction method was applied
for categorical variables with complete data separation (CSA aone). °For outcome parameters, NK cell
expansion was corrected for delayed T cell reconstitution in multivariate logistic regression analysis.

Abbreviations: MUD: matched unrelated donor, IRD: HLA identical related donor, PBSC: peripheral blood
stem cells, BM: bone marrow, CSA: cyclosporin A, MTX: methotrexate, MMF: mycophenolate mofetil, ATG:
anti-thymocyte globulin, AU: arbitrary units, CMV: cytomegalovirus, EBV: Epstein-Barr virus, hAdV: human

adenovirus, NS: not significant.
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Table E2.

Group | Group Il Group I11 Group IV
T cells> 100/ul at week 4 T cells< 100/ul at week 4 lvs.Ilvs.  Ilvs (14112 1V vs (I1+1)?
NK > 300/pl NK < 300/pl NK > 300/pl NK < 300/pl H1vs. V! T-NK+ vs. T+ T-NK-vs. T+
n=12 n=43 n=26 n=7
Outcome N % N % N % N % p value' p value? p value?
CMV viremia (2x> 10° copies/ml) 2 16.7% 7 14.6% 4  15.4% 1 143% 1.0 0.96 0.96
EBV viremia (2x> 10° copies/ml) 3  25.0% 4 8.3% 10 38.5% 2 28.6% 0.019 0.004 0.22
hAdV viremia (2x> 10° copies/ml) 1 8.3% 4 8.3% 3 11.5% 0 0.0% 0.83 0.64 0.43
Acute GvHD (grade 11-1V) 3  25.0% 15 31.3% 3 11.5% 1 143% 0.26 0.067 0.38
Chronic GvHD (extended) 1 8.3% 6 12.5% 2 7.7% 0 0.0% 0.72 0.58 0.34
Leukemiarelapse 1 8.3% 12 25.0% 6 23.1% 2 28.6% 0.73 0.89 0.77
Transplant related mortality 1 8.3% 3 6.3% 1 3.8% 2 28.6% 0.17 0.61 0.055
One year survival 11 91.7% 41  85.4% 22 85.6% 3 42.9% 0.032 0.80 0.004
Overall survival 9 75.0% 34 70.8% 19 731% 3 42.9% 0.43 0.89 0.12

Table E2. Subgroup analysis of outcome parameters

Subgroup analysis of outcome parameters between HSCT recipients with arapid (group 1, 1) and delayed (group I11, 1V) T cell reconstitution, with (group I, 111) and without
(group 11, 1V) CD56™"9" NK cell expansion.. Rapid and delayed T cell reconstitution were defined as > or < 100 T cells/ ul at 4 weeks after HSCT. Expansion of CD56™'9™
NK cells was defined as >300 CD56™9" NK cells/ ul within six weeks after HSCT. Statistics: “chi square test comparing 4 groups and chi square test comparing 2 groups.
Abbreviations. CMV: cytomegalovirus, EBV: Epstein-Barr virus, hAdV: human adenovirus, GvHD: graft versus host disease.
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Table E3.

CD designation ~ Alternative name Fluorochrome Type Clone Company Catalog# Staining step

CD014 CD14 PE m-lgG1 MP9 BD 342408 Fresh Tube 1, Direct
CDO033 SIGLEC3 PE m-lgG1 P67.6 BD 345799 Fresh Tube 1cDire
CD045 PTPRC FITC m-lgG1 2D1 BD 342408 Fresh Tube 1, Direct
CD056 NCAM1 APC m-lgG1 N901 BC IM2474 Fresh Tube 1, Direct
CD235a GPA PE m-lIgG1 11E4B-7-6 BC A07792 Fresh Tube 1, Direct
CDO003 CD3 PERCP-Cy5.5 m-lgG1 SK7 BD 340949 Fresh Tube Dir2ct
CD014 CD14 APC m-lgG1 NP9 BD 345787 Fresh Tube 2, Direct
CD016 FgRIII FITC m-lgG1 3G8 BC IM0814U Fresh Tube 2, Direct
CDO056 NCAM1 RD-1 m-1gG1 N901 BC 6603067 Fresh Tube 2, Direct
CD162 PSGL1 Unconjugated m-lgG1 5D8-8-12 BC IM2091 Primary

CD181 CXCR1 Unconjugated m-lgG2a 42705 R&D MAB330 Primary

CD182 CXCR2 Unconjugated m-1gG2a 483112 R&D MAB331 Primary

CD183 CXCR3 Unconjugated m-lgG1 1C6 BD 557183 Primary

CD184 CXCR4 Unconjugated m-1gG2b 44716 R&D MAB172 Primary

CD185 CXCR5 Unconjugated m-lgG2b 51505 R&D MAB190 Primary

CD186 CXCR6 Unconjugated m-1gG2b 56811 R&D MAB699 Primary

CD191 CCR1 Unconjugated m-1gG2b 53504 R&D MAB145 Primary

CD192 CCR2 Unconjugated m-lgG2b 48607 R&D MAB150 Primary

CD19%4 CCR4 Unconjugated m-1gG1 1D1 BD 551121 Primary

CD195 CCR5 Unconjugated m-lgG2b 45531 R&D MAB182 Primary

CD196 CCR6 Unconjugated m-1gG2b 53103 R&D MAB195 Primary

CD199 CCR9 Unconjugated m-lgG2a 112509 R&D MAB179 Primary

n/a Isotype M-IgG1 Unconjugated m-lgG1 11711 R&D MABO002 Primary

n/a Isotype M-1gG2a Unconjugated m-lgG2a DAK-GO5 DAKO X0943 Primary

n/a Isotype m-lgG2b Unconjugated m-lgG2b DAK-GO9 DAKO a9 Primary

n/a Goato m-IgG2b AF488 polyclonal Invitrogen A21141 Secondary

n/a Goato m-1gG2b AF647 polyclonal Invitrogen A21242 Secondary

n/a Goato m-IgG2b PE polyclonal Southern 1092-09 Secondary
Secundary Goat M-1gG1 AF647 polyclonal Invitrogen A21240 Secondary
Secundary Goat M-1gG2a AF647 polyclonal Invitrogen A21241 Secondary
CD003 CD3 BV510 m-lgG1 UCHT1 Biolegend 300448 Direct, basis
CDO007 GP40 Alexa700 m-lgG1 M-T701 BD 561603 Direct, basis

CDO016 FqRIII BV711 m-lgG1 3G8 BD 563127 Direct, basis

CD056 NCAM1 ECD m-lgG1 N901 BC A82943 Direct, basis
CDO11la LFAL FITC m-lgG1 HI111 BD 555383 Direct

CDO011b MAC1 FITC m-IgM 1,B2 Sanquin M1668 Direct

CD027 TNFRSF7 APC m-lgG1 L128 BD 337169 Direct

CD031 PECAM1 PE m-1gG1 WM59 BD 555446 Direct

CD044 HCAM FITC m-lgG1 J.173 BC IM1219 Direct

CD049b ITGA2 PE m-1gG2a 12F1 BD 555669 Direct

CD049d ITGA4 PE m-1gG2b L25 BD 340296 Direct

CD054 ICAM1 PE m-lgG1 HA58 BD 555511 Direct

CDO057 B3GAT1 FITC m-IgM HNK1 BD 347393 Direct

CD069 EA-1 FITC m-lgG1 L78 BD 347823 Direct

CD094 KLRD1 PE m-lgG1 HP-3D9 BD 555889 Direct

CD103 ITGAE FITC m-lgG1 BER-ACT8 DAKO F7138 Direct

CD117 c-kit PE m-lgG1 104D2 BD 332785 Direct

CD127 IL7Ry FITC m-1gG1 eBioRDR5 eBioscience 11-1278 Direct

CcD158a/h KIR2DL1 DS1 PE m-lgG1 EB6 BC A09778 Direct

CD158b/} KIR2DL2/3 DS2 PE' m-IgG1 GL183 BC IM2278U Direct

CD158¢é KIR3DL1 PE m-lgG1 DX9 BD 555967 Direct

cD158t KIR2DS4 PE m-lgG1 FES172 BC IM3337 Direct

CD159a NKG2A PE-Cy7 m-1gG2b 2199 BC B10246 Direct

CD159c NKG2C APC m-lgG1 134591 R&D FAB138A Direct

CD183 CXCR3 AF647 m-lgG1 GO025H7 Biolegend 353712 Direct

CD193 CCR3 PE r-lgG2a 61828 R&D FAB155P Direct

CD197 CCR7 FITC m-lgG2a 150503 R&D FAB197F Direct

CD198 CCR8 APC r-1lgG2b 191704 R&D FAB1429A Direct

n/a CCR10 PE r-lgG2a 314305 R&D FAB3478P  Direct

n/a CLA APC r-lgM HECA-452 Miltenyi 130-098-573 Direct

n/a CX3CR1 PE r-lgG2b 2A9-1 Biolegend 341604 Direct

CD226 DNAM1 FITC m-lgG1 DX11 BD 559788 Direct

CD314 NKG2D APC m-lgG1 1D11 BD 558071 Direct

CD335 NKp46 PE m-lgG1 BAB281 BC IM3711 Direct

CD336 NKp44 PE m-lgG1 7231 BC IM3710 Direct

CD337 NKp30 PE m-lgG1 Z25 BC IM3709 Direct

n/a NKp80 APC m-lgG1 5D12 Biolegend 346708 Direct

n/a ITGB7 APC r-lgG2a FIB504 BD 551082 Direct

n/a Isotype m-lgG1 APC m-lgG1 15H6 BC 731586 Direct

n/a Isotype m-1gG1 FITC m-lgG1 15H6 BC 731583 Direct

n/a Isotype m-lgG1 PE m-lgG1 X40 BD 345816 Direct

n/a Isotype m-lgG2a PE m-lgG2a X39 BD 349053 Direct

n/a Isotype m-IgM FITC m-IgM R4A3-22-12 BC 6602434 Direct

n/a Isotype R-IgG2a APC r-lgG2a eBR2a eBioscience 17-4321-71 Direct

n/a Isotype R-1gG2a PE r-lgG2a 54447 R&D IC006P Direct

n/a Isotype R-IgM APC r-lgM NIP/M-2 Southern 0120-11 Direct

n/a Granzyme B AF700 m-lgG1 GB11 BD 557971 Intracellular

n/a Perforin FITC m-lgG2b delta G9 Ancell 358-040 Intracellular

n/a Tumor Necrosis Factar  PE m-1gG1 MAb11 BD 554513 Intracellular

n/a Interferony FITC m-lgG1 4S.B3 BD 554551 Intracellular
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Table E3. Antibodies used for flow cytometry

Staining was performed in a 96-well round-bottoat@hwith 0.5-1.5x1Dcells in 25ul per well for 30 min at 4°C in FACS buffer (Phosph Buffered Saline (PBS, Braun, Melsungen,
Germany) with bovine serum albumin (5 mg/ml, Sightdrich, St. Louis, MO, US) and sodium-azide (1 mg/LUMC Pharmacy)iAII four PE-conjugated--KIR antibodies were
combined in a pan-KIR staining. CD: Cluster of eiffntiation. n/a: not applicable. m: mouse, r:Fatorochromes: AF: Alexa Fluor, APC: AllophycocyarBV: Brilliant Violet, ECD:
Energy Coupled Dye (=Phycoerythrin-Texas Red catjeilg FITC: Fluorescein isothiocyanate, PE: Phygtbein, PE-Cy5.5: Phycoerythrin-Cyanine5.5 conjeg&®E-Cy7:
Phycoerythrin-Cyanine7 conjugate, PERCP-Cy5.5:diten Chlorophyll-Cyanine5.5 conjugate, RD-1: Regell. Companies: Ancell: Ancell Corporation (Bayp®N, USA), BC:
Beckman Coulter (Brea, CA, USA), BD: Becton Dicdam Biosciences ( San Jose, CA, USA), BiolegemleBend (San Diego, CA, USA), DAKO: Dako Denmgi®Jostrup,
Denmark), eBioscience: eBioscience (San Diego,\C34\), Invitrogen: Invitrogen (Thermo Fisher ScidiatiWaltham, MA, USA), Miltenyi: Miltenyi Biotec(Bergisch Gladbach,
Germany), R&D: R&D Systems (Minneapolis, MN, USSgnquin: Sanquin Reagents (Amsterdam, NetherlaBds}hern: Southern Biotech (Birmingham, AL, USA).
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