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Abstract
OX40 and its ligand are members of the TNF/TNF receptor superfamily, which includes various molecules
influencing cellular signaling and function of both tumor and immune cells. The ability of OX40 to promote
proliferation and differentiation of activated T cells fueled present attempts to modulate this immune checkpoint to
reinforce antitumor immunity. While we recently found evidence for the involvement of OX40 in pathophysiology
of acute myeloid leukemia including natural killer (NK) cell immunosurveillance, less is known on its role in acute
lymphoblastic leukemia (ALL). In the present study, OX40 expression on ALL cells was significantly associated
with positivity for the adverse risk factor BCR-ABL. In line, signaling via OX40 increased metabolic activity of
primary ALL cells and resulted in release of cytokines involved in disease pathophysiology. Furthermore,
interaction of ALL-expressed OX40 with its cognate ligand on NK cells stimulated ALL cell lysis. The data
presented thus not only identify the yet unknown involvement of OX40/OX40L in ALL pathophysiology and NK cell
immunosurveillance but also point to the necessity to thoroughly consider the consequences of modulating the
OX40/OX40L molecule system beyond its effects on T cells when developing OX40-targeting approaches for
cancer immunotherapy.
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mune checkpoint therapy has become a pillar of cancer treatment
,2]. The first three approved checkpoint antibodies ipilimumab,
volumab, and pembrolizumab represent a novel strategy for the
eatment of a multitude of malignancies by targeting inhibitory
thways that prevent effective antitumor T cell responses [3–7].
herapeutic concepts for checkpoint modulation utilizing antibodies
oviding an agonistic signal via activating receptors on T cells are less
vanced and presently under investigation. One of the targets is
X40 (CD134), a member of the tumor necrosis factor receptor
NFR) superfamily [8–10]. This costimulatory molecule is
regulated on effector T cells after activation and supports
fferentiation, proliferation, and long-term survival. In addition, it
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ediates inhibition of the suppressive activity of regulatory T cells
1], which contribute to evasion of tumor cells from T cell
munity. In line, the frequency of tumor-infiltrating OX40-positive
cells has been reported to correlate with patient survival [12,13].
pplication of OX40 agonists, alone or in combination with other
eckpoint modulators, stimulated the cytotoxic activity of T cells
d caused tumor regression in preclinical models [14–19]. First
idence from early clinical trials also indicates that OX40 stimulation
uld be effective in cancer patients [20]. A multitude of clinical trials
rgeting OX40 as monotherapy or in combination with vaccination,
diotherapy, checkpoint blockade, chemotherapy, or targeted
erapy are currently ongoing (for review, see [10]). Notably,
X40 was also found to be expressed by T cell–derived leukemic cells
d in acute myeloid leukemia (AML). Its counterpart OX40 ligand
X40L) is upregulated on natural killer (NK) cells following
tivation and stimulates their reactivity via reverse signaling into the
and-bearing cells, while forward signaling into AML cells
imulated cellular functions of the leukemic cells [21,22]. So far,
ss is known regarding the OX40/OX40L system in acute
mphoblastic leukemia (ALL) of B cell lineage and its functional
le in ALL cells. Here we report that primary ALL cells and cell lines
rtially express OX40 and that OX40 surface expression is
gnificantly associated with BCR-ABL status, which constitutes a
werful predictor of treatment outcome and prognosis in ALL. We
rther show that OX40 stimulation promotes metabolic activity of
LL cells and results in release of cytokines like tumor necrosis factor
NF), interleukin-6 (IL-6), and IL-8 that influence growth and
rvival of the malignant cells. In line with the stimulatory role of
X40L in NK cells, we further demonstrate that disruption of
X40/OX40L interaction impairs NK cell reactivity against OX40-
sitive ALL cell lines and provide data on the poor prognostic
levance of OX40 expression.
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aterial and Methods

LL Cell Lines
The human ALL cell lines JURKAT, NALM-16, REH, SD-1,
P-B15, and TOM-1 were obtained from the German Collection
Microorganisms and Cell Cultures (Braunschweig, Germany). Cell
es were cultured in RPMI-1640 medium (Biochrom, Berlin,
ermany) supplemented with 1% penicillin/streptomycin (Lonza,
asel, Switzerland) and 10% fetal calf serum (FCS, Biochrom)
URKAT, NALM-16, SD-1, and TOM-1) or 20% FCS (REH).
P-B15 cells were cultured in IMDM medium (GIBCO, Carlsbad,

A) with 1% penicillin/streptomycin (Lonza), 1% L-glutamine
onza), 1% nonessential amino acids (Lonza), 1% sodium pyruvate
igma Aldrich, St. Louis, MO), and 10% FCS. Cells were kept in a
midified atmosphere at 37°C and 5% CO2.
Mycoplasma contamination was excluded by routine testing of cell
es every 3 months. Cell lines were authenticated by single
cleotide profiling.

atients
Peripheral blood samples of ALL patients were obtained after
ritten informed consent at the University of Tübingen. Peripheral
ood mononuclear cells (PBMC) were isolated by Ficoll/Paque
iochrom) density gradient centrifugation and viably stored in liquid
trogen until analysis. This study was approved by the institutional
view board to be in accordance with the ethical standards and the
eclaration of Helsinki. Diagnosis of precursor B cell and T cell ALL
as confirmed by morphologic analysis, immunophenotyping, and
netic features.

eagents
For flow cytometry, the following unconjugated monoclonal
tibodies were used: OX40 BerAct35, OX40L ANC10G1 (cat. no.
5-820 and 400-820, both Ancell Corporation, Bayport, MN), and
ouse IgG1 isotype control (cat. no. 557273, BD Biosciences,
eidelberg, Germany). Secondary PE goat anti-mouse was from Dako
at. no. R0480, BIOZOL, Eching, Germany). Fluorescence conjugates
ere from BD Biosciences (PE-Cy5 mouse anti-human CD3, cat. no.
5334; APC mouse anti-human CD5, cat. no. 555355; APC mouse
ti-human CD34, cat. no. 555824; FITC mouse anti-human CD19,
t. no. 555412; FITC mouse anti-human CD34, cat. no. 555821;
TC mouse anti-human CD56, cat. no. 345811), and BioLegend (San
iego, CA) (PE-Cy7 mouse anti-human CD10, cat. no. 312213; FITC
ouse anti-human CD7, cat. no. 343104; FITC mouse anti-human
D15, cat. no. 301904) or eBioscience (ThermoFisher Scientific,
altham,MA) (APC-eFlour780 mouse anti-human CD19, cat. no. 47-
99-42). 7-Aminoactinomycin D (7-AAD, cat. no. 559925) was from
D Biosciences. For stimulation of OX40 on ALL cells, the agonistic
tibodyM-OX17was used [22]. To disruptOX40/OX40L interactions
cytotoxicity assays, F(ab')2 fragments of the blocking OX40 antibody
-OX2 were applied [23]. Mouse F(ab')2 IgG1 (cat. no. 0115-14,
uthernBiotech, Birmingham, AL) served as control. Recombinant
man IL-2 for NK cell generation was obtained from ImmunoTools
riesoythe, Germany).

low Cytometry
Cells were stained with the respective unconjugated antibody or isotype
ntrol (10μg/ml) followed byPE goat anti-mouse conjugate as secondary
agent (dilution 1:100). Leukemia cells within PBMC of ALL patients
ere selected according to their prespecified immunophenotype by
unterstaining with CD10, CD15, CD19, or CD34 for precursor B cell
LL and with CD5 and CD7 for precursor T cell ALL (Supplementary
gure 1). Analysis was performed using a BD FACSCanto II (BD
iosciences). Dead cells were excluded from analysis by 7-AAD staining
:200). Specific fluorescence indices (SFIs) were calculated by dividing
edian fluorescences obtained with specific monoclonal antibodies by
edian fluorescences obtained with isotype control. Expression was
nsidered positive in case of SFI ≥2.0. Data analysis was performed using
owJo software (FlowJo LCC, Ashland, OR).

CR
OX40 primers were 5′-TGTAACCTCAGAAGTGGGAGTG-3′
d 5′-GGTCCCTGTCCTCACAGATTG-3′. GAPDH primers
ere 5′-AGCCACATCGCTCAGACAC-3′ and 5′-GCCCAATAC
ACCAAATCC-3′. Reverse transcriptase–polymerase chain reaction
T-PCR) was performed as described previously [24]. PCR products
ere visualized via gel electrophoresis (1.5% agarose gel).
For quantitative PCR, total RNA was isolated using the High Pure
NA Isolation Kit (Roche, Mannheim, Germany) and transcribed
to cDNA using qScript XLT cDNA SuperMix (Quanta Biosci-
ces, Gaithersburg, MD) according to the manufacturer's instruc-
ns. Amplification of OX40 cDNA was performed using PerfeCTa
BR Green FastMix (Quanta Biosciences) on a LightCycler 480
oche) instrument. Primer assays (QuantiTect Primer Assay,
iagen, Hilden, Germany) for OX40 and GAPDH RNA were
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ed according to the manufacturer's instructions. Relative mRNA
pression was calculated by the ΔΔ cycle-threshold (Ct) method.
CR-ABL status was quantified with the ipsogen mbcr BCR-ABL1
bcr CE Kit (Qiagen) according to the manufacturer’s instructions.

reparation of NK Cells
Polyclonal NK cells were generated by culturing plastic non-
herent PBMC with irradiated K562-mb15-41BBL feeder cells
ovided from St. Jude Children´s Research Hospital as described
eviously [25–27]. Functional experiments were performed when
rity of NK cells (CD56+CD3−) was above 80% as determined by
w cytometry.

etermination of Cytokine Levels and Metabolic Activity
For analysis of cytokine production, ALL cells were seeded at a
ncentration of 2 × 106 cells/ml followed by incubation at 37°C in a
midified atmosphere. Supernatants were collected and stored at −
°C until analysis for cytokine production by two-site sandwich
LISA using commercially available OptEIA kits from BD
harmingen according to manufacturer’s instructions.
Effects of OX40 stimulation on metabolic activity were determined
ing the CellTiter-Glo Assay (Promega, Madison, WI). Therefore,
LL cells were seeded in triplicates at a concentration of 5 × 105 cells/
gure 1. mRNA and protein expression of OX40 in ALL cell lines. (
vestigated by flow cytometry using the monoclonal OX40 antibody Be
pen peaks). Representative results of at least three independent
pression of six different ALL cell lines as determined by RT-PCR w
sualized by agarose gel electrophoresis. (C) Quantitative RT-PCR anal
LL cell lines.(D) For quantitative detection of BCR-ABL mbcr e1a2 trans
alyzed by quantitative RT-PCR.
l in 100 μl culture medium followed by incubation at 37°C in a
midified atmosphere. Luminescence was analyzed according to
anufacturer’s instructions.

ytotoxicity Assays
Cytotoxicity of polyclonal NK cells against ALL cell lines was
alyzed by BATDA Europium assays after 2 hours as described
eviously [28]. Percentage of lysis was calculated as follows: 100 ×
experimental release) – (spontaneous release)]/[(maximum release) –
pontaneous release)].

tatistical Analysis
For statistical analysis, GraphPad Prism 7 software (GraphPad, La
lla, CA) was used. Mean or median values and standard deviation
D) are shown. The 95% confidence level was used, and P values
ere calculated with a two-tailed unpaired Mann-Whitney test for
t normally distributed data. Survival analyses were performed using
SS version 24 (IBM, Ehningen, Germany). Overall survival (OS)
as calculated using the Kaplan-Meier estimate and defined as the
me from diagnosis to death from any cause. If no event occurred,
ta were censored, and the time from diagnosis or relapse until last
tient contact was considered. Patient characteristics were analyzed
ing Mann-Whitney test, Kruskal-Wallis, or Spearman Rho tests.
A) OX40 surface expression of six different ALL cell lines was
rAct35 (shaded peaks) and mouse IgG1 isotype serving as control
experiments with similar results are shown. (B) OX40 mRNA
ith GAPDH and H2O serving as controls. PCR products were

ysis of OX40 mRNA relative to GAPDH expression in six different
cripts relative to ABL control gene expression ALL cell lines were



R

O

m
[2
A
Fl
In

fu
ex
N
sh
w
an
m
lin
m

Ta

BC
AB

−

−

−
−
−
−
−
−
−
−
−
−
−
−
−
−
−
−
−
−
−
−
−

−

−
−
+
+
+
+
+
+
+
+
+
+
+

+

+

+

+

+
+
+

Ab
W
no

Neoplasia Vol. 20, No. 11, 2018 OX40 in ALL Is Associated with BCR-ABL Positivity Rothfelder et al. 1153
esults

X40 Is Expressed in BCR-ABL–Positive ALL Cell Lines

OX40 is expressed in different solid tumors and hematological
alignancies and was found in leukemic cells of myeloid and T cell origin
2,29], but less is known regarding its expression in precursor B cell ALL.
s a first step, we analyzed expression of OX40 in different ALL cell lines.
ow cytometry revealed a variable extent of OX40 cell surface expression.
terestingly, only ALL cell lines carrying a minor breakpoint BCR-ABL
ble 1. Clinical Characteristics and OX40 Surface Expression

R-
L

ALL type Risk Age Sex WBC [G/l] Hb [g/dl] Plt [G/l] Karyotype

pro B HR 63 m 39.97 10.1 125 46,XY

pro B HR 36 f 51.99 12.4 247
48,XX,+Xor+7,t(4;
+der(4)t(4;11)(q21

common HR 21 m 28.27 11.7 280 NA
common HR 31 f 14.23 5.4 80 NA
common HR 66 m 300.95 13.3 121 NA
common HR 39 m 33.50 13.3 65 47,XY,+21
common SR 20 f 11.50 7.1 33 46,XX
common SR 19 m 4.99 5.8 110 46,XY,ish del(9)(p
common SR 61 m 7.87 8.5 21 46,XY
common SR 20 m 44.53 10.0 153 NA
common SR 61 f 1.80 9.1 7 NA
common HR 36 m 33.59 5.0 11 46,XY
common HR 24 m 38.63 7.3 76 NA
common SR 33 m 13.50 13.0 136 46,XY
pre B HR 61 f 123.81 8.0 40 NA
pre B HR 22 m 74.14 13.2 13 46,XY
pre B SR 41 m 11.67 9.1 36 46,XY
pre B SR 45 m 10.55 9.4 21 46,XY
pre B SR 24 f 29.22 10.3 33 46,XX
cortical SR 20 f 54.08 13.4 288 46,XX
cortical SR 20 m 98.62 11.3 76 NA
cortical SR 45 m 224.80 8.2 46 46,XY
cortical SR 69 m 37.71 10.7 119 46,XY

cortical SR 29 m 355.70 10.5 81
46,XY,ish del(1)(p
of TAL1+),del(9)(p

cortical SR 32 m 93.31 12.5 57 46,XY
γ/δ HR 38 m 244.20 15.0 204 46,XY
pro B VHR 74 f 20.86 9.0 22 46,XX,t(9;22)(q34
common VHR 64 m 30.01 13.6 141 46,XY,t(9;22)(q34
common VHR 81 f 114.17 8.8 35 46,XX
common VHR 38 m 13.81 4.8 30 46,XY,t(9;22)(q34
common VHR 45 m 10.34 9.3 64 46,XY,t(9;22)(q34
common VHR 25 m 4.69 4.8 15 46,XY
common VHR 61 f 172.76 7.7 50 46,XX,?t(9;22)(q34
common VHR 21 m 463.01 11.6 31 NA
common VHR 49 f 56.81 10.3 48 46,XX
common VHR 32 f 19.37 7.2 170 NA
common VHR 31 m 57.83 13.4 270 46,XY,t(9;22)(q34

common VHR 50 f 364.80 8.3 30
48,XX,t(9;22)(q34
+der(22)t(9;22)(q3

common VHR 68 m 29.00 13.1 28
45,XY,−7,t(9;22)(q
del(11)(p10),+2~3m

common VHR 23 m 41.39 12.9 124 NA

common VHR 76 m 68.75 9.6 20

47,XY,t(2;16)(p11
der(8)t(8;8)(p23;q2
t(2;16)(p11;p11),+
t(8;8)(p23;q23),t(9
t(2;16)(p11;p11),+
der(8)t(8;8)(p23;q2
/48,XY,+X,t(2;16)(
t(9;22)(q34;q11)+d

pre B VHR 54 f 7.35 7.2 111 46,XX,t(9;22)(q34
pre B VHR 31 f 11.72 10.6 111 NA
pre B VHR 61 f 187.40 13.3 204 46,XX,t{4;9)(q35;q

breviations: BCR, breakpoint cluster region; ABL, Abelson murine leukemia viral oncogene homolog 1;
BC, white blood count; G/l, Giga per liter; Hb, hemoglobin; g/dl, gram per deciliter; Plt, platelets; PB,
t determined; SFI, specific fluorescence index.
sion gene like SD-1, SUP-B15, andTOM-1displayed an elevatedOX40
pression, whereas the BCR-ABL–negative precursor B cell ALL cell lines
ALM-16 and REH as well as the precursor T cell ALL cell line JURKAT
owed no relevant surface expression (Figure 1A). Corresponding results
ere obtained when OX40 mRNA levels were investigated by PCR
alysis (Figure 1B). While quantitative PCR revealed higher OX40
RNA levels in surface-positive compared to surface-negative ALL cell
es, the presence of mRNA in the latter indicates that OX40 expression
ay also be regulated posttranscriptionally. Interestingly, surface expression
PB % BM % Relapse SFI OX40 % OX40+ cells

96 96 - 1.3 3.6
11)(q21:q23),
;q23),+22/46,XX

79 80 - 1.0 1.1

92 ND - 1.1 0.7
68 79 - 2.9 60.3
88 ND - 1.0 0.8
61 88 - 2.9 21.7
60 91 - 1.4 1.7

21p21)/46;XY 47 59 - 1.3 0.8
54 44 - 1.4 1.5
88 ND - 7.5 86.2
59 98 - 1.2 4.8
92 95 - 1.6 3.5
99 100 - 1.1 1.4
50 100 - 1.0 2.1
98 97 - 1.3 1.4
95 97 - 4.6 27.9
80 50 - 1.6 22.3
66 98 - 1.0 0.9
86 97 - 1.2 0.9
24 70 - 1.8 25.0
63 65 relapse 1.0 11.2
95 94 - 1.4 2.1
70 72 - 1.1 1.4

32p32)(TAL1,SIL−,3’
21p21)(p16−)/46, XY 82 64 relapse 1.1 6.2

93 95 - 2.3 8.8
84 93 - 12.1 48.7

;q11)/45,idem,−21/46,XX 72 97 - 2.3 38.0
;p11)/46,XY 57 ND - 3.6 48.6

97 ND - 50.7 87.8
;q11)/46,XY 65 97 - 5.7 48.0
;q11)/45,idem,−20/46,XY 59 94 - 7.1 84.6

60 81 - 2.4 21.0
;q11) 80 ND - 14.2 45.7

87 93 - 1.3 1.4
92 94 - 10.8 22.3
56 98 - 2.5 12.4

;q11)/46,XY 18 37 - 2.0 16.7
;q11),
4;q11),+C,?inc

97 ND - 2.3 10.4

34;q11,2),
ar,inc/46,XY

79 83 - 6.0 37.9

64 ND relapse 1.8 38.1
;p11),+der(8)t(8;8)(p23;q23),
3),t(9;22)(q34;q11)/47,XY,
der(8)t(8;8)(p23;q23),der(8)
;22)(q34;q11)/47,XY,
der(8)t(8;8)(p23;q23),
3),t(9;22)(q34;q11)[8];
p11;p11)der(8)t(8;8)(p23;q23),
er(22)t(9;22)(q34;q11)/46,XY

82 ND - 75.5 71.7

;q11)/46,XX 28 ND - 4.2 28.7
ND 94 - 3.8 34.1

12-13)?c,t{9;22)(q34;q11) 80 66 - 5.1 46.3

−, negative; +, positive; SR, standard risk; HR, high risk; VHR, very high risk; f, female; m, male;
peripheral blood blasts among nucleated cells; BM, bone marrow blasts; NA, not available; ND,
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d not directly correlate withOX40mRNA amount (Figure 1C) or BCR-
BL quantity (Figure 1D).

X40 Is Expressed in Primary ALL Cells
Next, primary ALL cells from a total of 44 patients with proven
ecursor B and T cell ALL were analyzed for OX40 expression.
eukemic cells were classified at the time of diagnosis using the
munological classification proposed by the European Group for
gure 2. Primary ALL cells express OX40 on mRNA and protein level
mples using the monoclonal OX40 antibody BerAct35 or the respec
lection with the predetermined immunophenotype. Combined SFI
atients with SFI levels≥2.0 or at least 20% OX40-expressing cells wer
orizontal bars represent median of results. (C and D) OX40 expressio
orizontal bars represent mean. (E and F) PBMC fromALL patients were
erAct35 (shaded peaks) and isotype control (open peaks) followed by a
wer panels) of OX40-negative (E) and OX40-positive (F) ALL cells of dif
mbined results showing % OX40 positivity (H) are depicted for BCR
edian of results in each group. (I) Quantitative RT-PCR analysis of OX
ven different healthy donors and from five different OX40 surface-ne
ntrol. Horizontal bars represent the mean of the results in each grou
e Immunological Characterization of Leukemias [30]. Detailed
tient characteristics and individual OX40 expression levels are listed
Table 1.
Leukemic cells within mononuclear cells of patients were identified
ing different surface marker combinations based on immunophe-
typing results at initial diagnosis or relapse. Substantial surface
pression of OX40 (SFI ≥2.0) was detected in 48% of cases (n=21)
ith a median expression of 1.9 (SFI range, 1.0-75.5) (Figure 2A).
. (A and B) Immunophenotypic OX40 expression on ALL patient
tive isotype control followed by secondary anti-mouse PE after
levels (A) and percentage of OX40-positive cells (B) are shown.
e considered positive (cutoff values are indicated as dotted lines).
n [SFI levels (C); % positive cells (D)] according to ALL subtype.
analyzed by flow cytometry using themonoclonal OX40 antibody
nti-mouse PE. Exemplary histograms (upper panels) and dot plots
ferent subtypes are shown. (G and H) Combined SFI levels (G) and
-ABL–negative and –positive ALL cells. Horizontal bars represent
40 mRNA expression of CD34-enriched bone marrow cells from
gative and six different-positive ALL patients. GAPDH served as
p.*Statistically significant differences, Pb.05.
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When analyzing the percentage of OX40-positive cells among
ukemic cells of each sample, 61% of patients (n=27) showed at least
OX40-positive cells with a median expression of 14.6% (range, 0.7-

.8). In 48% of samples (n=21), an OX40 expression above 20% could
detected (Figure 2B). When analyzing different ALL subtypes, no

atistically significant differences were observed (Figure 2, C-F).
owever, significantly differing OX40 expression levels were detected
hen primary ALL samples were stratified according to BCR-ABL status
ith positivity being significantly associated with higher OX40
pression, both with regard to SFI levels (Pb.0001, Mann-Whitney
st) (Figure 2G) and percentage of positive cells (Pb.0001, Mann-
hitney test) (Figure 2H).
When OX40 expression in ALL was studied on mRNA level,
X40 amplicons were observed in all analyzed surface-positive but
so in surface-negative ALL samples (Figure 2I), which, like the
sults obtained with cell lines, points to posttranscriptional
gulation of OX40 expression. Quantification of OX40 mRNA
vels in ALL samples and healthy CD34-positive bone marrow (BM)
lls showed significantly higher mRNA levels in surface-positive
mpared to surface-negative samples (P=.02, Mann-Whitney test) or
althy CD34-positive BM cells (P=.001, Mann-Whitney test).

X40 Stimulation Promotes Metabolic Activity and Induces
ytokine Release of Primary ALL Cells
In order to examine if OX40 plays a functional role in ALL cells, an
onistic antibody recently described to stimulate OX40 was employed
2]. It induced a significant increase of metabolic activity as an indicator
cell proliferation and viability in OX40-positive primary ALL samples
=10, P=.04, Mann-Whitney test), while metabolic activity remained
altered in OX40 surface-negative samples (n=3, P=.75) (Figure 3A).
otably, interindividual differences concerningmetabolic activity of ALL
lls upon OX40 stimulation were detected, but no association of OX40
pression and change inmetabolic activity was observed (Supplementary
gure 2).
Antibody-mediated stimulation of OX40 also led to a significant
duction of IL-6, TNF, and IL-8 production (P=.003, P=.009, and
.002; Mann-Whitney test) by OX40 surface-positive ALL cells (n=
), while no significant effect was observed in OX40 surface-
gative ALL samples (IL-6, P=.4; TNF, P=.2; IL-8, PN.99; Mann-
hitney test) (Figure 3B). Again, substantial interindividual
fferences regarding cytokine release of ALL cells upon OX40
gnaling were detected (Figure 3C). Notably, no association of OX40
rface expression and basal release of the cytokines was observed
upplementary Figure 3). In the majority of investigated cases,
X40 stimulation led to an at least 2.5-fold increase in secretion of
tokines, whereas only in two cases could this not be detected in
X40 surface-positive ALL samples (Figure 3, D and E).

X40/OX40L Interaction Enhances NK Cell Cytotoxicity
gainst ALL Cells
Recently, interaction between OX40 on AML cells and OX40L
pressed by NK cells was reported to enhance NK cytotoxicity.
lockade of OX40/OX40L interaction was to shown to impair
lyclonal NK cell reactivity against leukemic cells [22]. In order to
vestigate and confirm such consequences of OX40/OX40L
teraction with ALL cells, the OX40-negative cell line JURKAT
d the OX40-positive cell line SD-1 were employed in cocultures
ith OX40L-expressing polyclonal NK cells using nonstimulatory
X40 F(ab’)2-fragments [23] to disrupt OX40/OX40L interaction.
lockade of OX40/OX40L signaling significantly (P=.008, Mann-
hitney test) decreased lysis of OX40 surface-positive ALL cell lines,
hile no effect on lysis was detected employing surface-negative ALL
ll lines (P=.97, Mann-Whitney test) (Figure 4, A and B).

X40 Expression Is Associated with Clinical Characteristics
ALL
Next, we set out to study whether OX40 expression was associated
ith clinical characteristics in our patient cohort. The median age at
e of diagnosis was 38 years (range, 19-81), 30% of patients were
years or older, and 64% were male. Median white blood cell
BC) count was 38.17 G/l (range, 1.80-463.01) (Table 1).
When we grouped ALL cases into subtypes, we did not observe
gnificant association with OX40 expression (see Figure 2, C and D),
t OX40 expression was significantly associated with BCR-ABL
atus (Figure 5A). Whereas BCR-ABL–negative ALL cells had a
edian OX40 expression of 1.3 which is below the threshold we
fined for surface positivity (range, 1.0-12.1), median OX40
pression was 4.0 (range, 1.3-75.5) in BCR-ABL–positive cases.
rthermore, OX40 expression was significantly associated with very
gh risk (VHR) status in ALL, while no association was found for
gh-risk (HR) or standard-risk (SR) patients [%: SR vs. VHR, P=
05; HR vs. VHR, P=.03; SR vs. HR, PN.99; SFI: SR vs. VHR, P=
2; HR vs. VHR; P=.03; SR vs. HR: PN.99 (data not shown); both
ruskal-Wallis test] (Figure 5B). Higher OX40 levels defined as
rface expression ≥45% were also associated with significantly shorter
erall survival [P=.007 (%), log-rank Mantel-Cox] (Figure 5C).
terestingly, when subgrouped according to BCR-ABL status, higher
X40 expression in BCR-ABL–positive patients also resulted in
nificantly shorter overall survival (P=.009, log-rank Mantel-Cox)
igure 5D). This effect could not be observed in the BCR-ABL–negative
bgroup, where only three patients showed an OX40 value of ≥45%
=.843, log-rankMantel-Cox). Higher OX40 levels defined as a cutoff
lue of SFI ≥5 were also associated with significantly shorter overall
rvival in the total cohort (P=.02, log-rank Mantel-Cox, data not
own). No association was identified with other genetic abnormalities,
sease etiology, clinical parameters such as WBC count, or treatment
sponse.

iscussion
uring the last decades, OX40 has gained increasing attention due to
function as a potent positive regulatory surface molecule on T cells
at is able to reestablish T cell antitumor reactivity [10]. Activation
this stimulatory immune checkpoint leads to sustained T cell
oliferation and survival, rendering OX40 a popular therapeutic
rget for immune-based elimination of tumor cells. The ability of
X40 to potently stimulate both CD4+ and CD8+ T cells makes it a
itable candidate for cancer immunotherapy. Various OX40
rgeting approaches were developed in the last two decades [31],
d several strategies are being evaluated in clinical trials [10].
In contrast to its use in chimeric antigen receptor T cells, where the
stimulatory signaling domain of OX40 is frequently incorporated
to chimeric antigen receptors to specifically enhance function of
ansfected T cells, systemic application of monoclonal antibodies
rgeting OX40 might also affect other OX40-bearing cells of the
mune system or nonimmune cells.
The consequences of OX40 expression on malignant cells and its
tential role in pathophysiology and prognosis have even less been taken
to account and only investigated in a few studies to our knowledge so far.
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Imura et al. demonstrated that 15 out of 17 adult T cell leukemia
ses, a peripheral T cell neoplasm associated with infection by the
man T-lymphotropic virus type I, expressed significant levels of
X40. While OX40 mRNA was detected by RT-PCR in all tested
tient samples, OX40 protein expression could be identified by
estern blot in only two out of five adult T cell leukemia cases. The
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Figure 4. OX40/OX40L interaction increases NK cell cytotoxicity in response to ALL cells. (A and B) OX40L-positive polyclonal NK cells
were cultured for 2 hours with OX40-negative JURKAT (left) or OX40-positive SD-1 ALL cells (right) in the absence or presence of blocking
OX40 F(ab')2 or isotype control (2 μg/ml each). NK cell reactivity was evaluated by time-resolved fluorometric assays. (A) Exemplary results
representing means of triplicates are shown. (B) Combined data of five independent experiments for each ALL cell line at an E:T ratio of
10:1 (control: white bars, OX40 blockade: black bars). Mean values and SD are depicted.*Statistically significant differences, Pb.05.
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ecursor T ALL cell line JURKAT that served as control was negative
both analyses [32].
Immunophenotypic analyses of different lymphoid malignancies
Koubek et al. showed relevant OX40 surface expression on

alignant cells from patients with precursor T cell but not B cell
LL. Six of seven analyzed precursor T cell ALL cases expressed
X40 with a median of 8% (range, 4-31), whereas all eight analyzed
ecursor B cell ALL cases exhibited only very low levels of OX40 not
ceeding 4% (median 1; range, 1-4) [33]. Furthermore, in this
udy, one of two T cell non-Hodgkin lymphoma (NHL) cases
pressed OX40 N5%. B cell chronic lymphocytic leukemia, B NHL,
olymphocytic leukemia with B cell markers, and plasmocytoma
lls expressed very low levels of OX40 which did not exceed 3%.
In our study, flow cytometry analyses of OX40 surface expression
a cohort of 44 precursor B and T cell ALL patients revealed that
% exhibited at least 5% OX40-positive cells with a median
pression of 14.6% (range, 0.7-87.8) and in 48%, an OX40
pression above 20% could be detected.
In line with previous studies, five of seven analyzed precursor T cell
LL samples expressed substantial amounts of OX40 in the majority
cases (median 8.8%, range 1.4-48.7). In contrast to earlier reports,
our cohort, OX40 surface expression was also observed for

ecursor B cell ALL with a median expression of 21.0% (range, 0.7-
.8). The observed discrepancy may be due to the higher number of
gure 3. OX40 signaling induces stimulation ofmetabolic activity and cyto
one, on immobilizedM-OX17monoclonal antibody or human IgG isotype
CellTiter Glo assay after 24 hours. Results of OX40-positive (n=10) and
tained with untreated ALL cells were set to 1. Horizontal bars represent
ter 6 hours) in culture supernatants were determined by ELISA. Results o
LL samples (n=3, lower panel) are shown. Horizontal bars represent mea
d IL-8) of ALL cells after OX40 stimulation. Each patient is shown as in
oduction. (D)Quantificationof cytokine releasebyALLcells afterOX40stim
2.5-fold increase for one cytokine (gray), two cytokines (dark grey) or three
OX40-positive patient samples with regard to release of specific cytok

crease of each individual cytokine uponOX40 signaling. The percentage o
tatistically significant differences, Pb.05. ns, not significant.
alyzed cases, the heterogeneity among primary samples, and the use
different OX40 antibodies in our analyses.
Interestingly, also ALL samples without relevant surface expression
owed OX40 mRNA expression. One explanation for this
servation could be the contamination with OX40-expressing
althy cells that may have influenced the respective PCR results, but
so regulatory or mutational blockade of surface expression by
sttranscriptional or posttranslational mechanisms. This may
mprise, as reported for many other TNF/TNFR members, cell
rface shedding and release in soluble form, which is supported by
ports on the presence of soluble OX40 in sera of patients with
alignant and autoimmune diseases [34–37].
To our knowledge, expression of OX40 in the context of
matological malignancies has further up to now only been reported
r AML [22]. Our group recently reported OX40 expression on the
rface of primary AML samples in 54% of cases and could show that
X40 stimulation led to enhanced proliferation and release of
oleukemic cytokines. When we performed functional analyses
ing well-characterized monoclonal antibodies with defined speci-
ity and agonistic property, we could show that OX40 signaling
sults in release of cytokines that act as autocrine/paracrine growth
d survival factors also in ALL. Furthermore, like in T cells, OX40
gnaling enhanced viability/metabolic activity in a substantial
oportion of ALL cases. It seems thus possible that OX40 confers
kine release in ALL cells. PBMC of ALL patients were either cultured
control (10 μg/ml).(A)Metabolic activity of ALL cells was determined
OX40-negative samples (n=3) are shown. For normalization, results
mean. (B) Cytokine levels of IL-6 (after 24 hours), TNF, and IL-8 (both
btained with OX40-positive (n=14, upper panel) and OX40-negative
n. (C) Fold increase (OX40/isotype) in cytokine production (IL-6, TNF,
dividual bar. Dotted lines represent a 2.5-fold increase in cytokine
ulation.Numbersof patients showing fold increaseb2.5 (light gray),
cytokines (black) are displayed. (E) Analysis of results obtainedwith
ine combinations. Positive response (+) was defined as ≥2.5-fold
f samples respondingwith the indicated cytokine pattern is depicted.
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Figure 5. OX40 positivity is associated with high-risk features and poor survival of ALL patients. (A) Association of OX40 expression
showing % positive cells and BCR-ABL status of ALL patients. Horizontal bars indicate median expression for BCR-ABL–negative and
BCR-ABL–positive patients; whiskers indicatemaximal andminimal expression levels. (B) Patients were divided into subgroups according
to risk stratification. Association of OX40 expression (% positive cells) and disease risk is depicted. (C) Correlation of OX40 expression (%
positive cells) with overall survival in days was calculated using predictive cutoff values for OX40 expression. Patients were divided into
two groups. Black curve: OX40 expression above cutoff value (%≥45), gray curve: OX40 expression below cutoff value (% b45). (D and E)
Correlations of OX40 expression (% positive cells) and overall survival of patients with BCR-ABL–positive ALL (D) and BCR-ABL–negative
ALL (E) were calculated as described in (C).*Statistically significant differences, Pb.05. ns, not significant.
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survival benefit for leukemic cells, e.g., upon interaction with
X40L bearing immune or bystander cells. This is in line with
creasing evidence regarding the important role of the immune and
romal microenvironment in malignancies [38].
Regarding prognostic impact of OX40 expression, Xie et al.
mparatively analyzed immunohistochemistry and RNA sequencing
ta to assess the biologic relevance of OX40 in hepatocellular
rcinoma and could detect higher OX40 expression in malignant
lls in comparison to adjacent healthy liver tissue. OX40 expression
as associated with elevated serum alpha-fetoprotein level, vascular
vasion, and shorter survival [39].
When assessing the biological relevance of OX40 expression in
LL, we grouped ALL subtypes according to risk group. Risk
ratification is based on clinical and biological prognostic factors like
LL-subtype, high WBC count at diagnosis, or late achievement of
mplete remission [40]. Patients with translocation t(9;22) or the
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rresponding molecular aberration BCR-ABL are defined as a
parate group because they are treated with tyrosine kinase inhibitors
causal therapy.
Evaluation of these prognostic factors is crucial at initial diagnosis
r the development of a suitable treatment strategy governing
tensity of treatment. With our study, we identify OX40 as a
gative prognostic marker and show its association with BCR-ABL
atus. Additionally, we demonstrated that disruption of OX40/
X40L interaction between ALL cells and polyclonal NK cells
sulted in diminished lysis rates, implying that OX40-targeting
proaches should be considered carefully.
Moreover, our findings support our above-mentioned line of
gument regarding potential unexpected consequences of a
erapeutic application of agonistic OX40 monoclonal antibodies,
d it is noteworthy that other investigators reported OX40
pression (without analyzing functionality) on cancer cells of various
igins beyond ALL [41]. Another layer of complexity when applying
X40 monoclonal antibodies is added by the issue of whether and
w antibody binding to OX40 affects interaction with cells that
press its cognate ligand. This is of particular relevance because
X40/OX40L interaction can lead to transduction of bidirectional
gnals, e.g., into the receptor and the ligand-bearing cell, a
aracteristic feature of many ligands of the TNF family [42,43].
esides healthy tissues like endothelial cells, antigen-presenting cells
cluding B cells, and monocytes/dendritic cells express OX40L.
arious cellular functions of these cells are affected by OX40L
everse signaling" [43–46], which may also occur upon their
teraction with OX40-expressing ALL cells.
Thus, additional work is warranted to fully unravel the complex
le of the OX40/OX40L molecule system, which in turn may help
fully exploit the potential of OX40 stimulation for cancer
munotherapy.
Supplementary data to this article can be found online at https://
i.org/10.1016/j.neo.2018.09.005.
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