
Cancer Immunol Immunother (2010) 59:1739–1744

DOI 10.1007/s00262-010-0896-z

SHORT COMMUNICATION

Allogeneic natural killer cells for refractory lymphoma

Veronika Bachanova · Linda J. Burns · David H. McKenna · Julie Curtsinger · 
Angela Panoskaltsis-Mortari · Bruce R. Lindgren · Sarah Cooley · 
Daniel Weisdorf · JeVrey S. Miller 

Received: 23 April 2010 / Accepted: 19 July 2010 / Published online: 3 August 2010
© Springer-Verlag 2010

Abstract We reported that IL-2 activated autologous NK
cells can induce, but not maintain durable remissions in
lymphoma patients. We hypothesized that allogeneic NK
cells may overcome class I MHC-mediated inhibition of
NK cell killing. In a pilot study, we evaluated infusion of
haploidentical donor NK cells for antitumor eYcacy. Six
patients with advanced B cell non-Hodgkin lymphoma
(NHL) received rituximab, cyclophosphamide, and Xudara-
bine as immunosupression to permit homeostatic NK cell
expansion, followed by CD3-depleted NK cell-enriched
cell products followed by subcutaneous IL-2 administration
(10 £ 106 units every other day £ 6 doses). At 2 months,
four patients showed an objective clinical response. We
observed early donor cell persistence in two patients (blood
and in tumor-bearing node), but this was not detectable
beyond 7 days. All patients demonstrated substantial
increases in host-regulatory T cells (Treg) after NK cell and
IL-2 therapy (180 § 80 cells/�l vs. baseline: 58 § 24 cells/
�l, p = 0.04) which may have limited donor cell expansion
in vivo. These Wndings suggest safety and feasibility of
allogeneic NK cell therapy in patients with lymphoma;
however host Treg and inadequate immunodepletion may
contribute to a hostile milieu for NK cell survival and
expansion. Cell therapy trials should incorporate novel
strategies to limit Treg expansion.
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Introduction

The success of allogeneic hematopoietic cell transplanta-
tion (HCT) in patients with lymphoma suggests that a
potent graft versus lymphoma eVect exerts protection from
relapse [1] from donor-derived T lymphocytes and NK
cells [2–5]. In humans, NK cell killing is partially regulated
by inhibitory killer immunoglobulin receptors (KIRs) that
limit autologous NK cell-induced tumor lysis by engage-
ment of “self” major histocompatibility complex (MHC)
class I alleles [6, 7]. Donor NK cell therapy has been
explored for acute myelogenous leukemia with promising
results [8, 9], but there is not much data on its activity in
lymphoma.

After activation, NK cells acquire the capacity to lyse a
broad array of fresh and cultured tumor targets not nor-
mally sensitive to NK lysis including lymphoma cell lines.
High doses of IL-2 are synergistic with the monoclonal
antibody rituximab against rituximab-resistant cell lines.
This suggests that IL-2 provides a strong stimulus for eVec-
tive NK-mediated antibody-dependent cellular cytotoxicity
(ADCC) [10–13]. Several studies have supported a role for
IL-2 in the therapy and remission maintenance of NHL,
however, clinical eYcacy has been limited [14–16] We
hypothesized that haploidentical donor NK cells activated
by IL-2 and targeted by rituximab would provoke an anti-
tumor response in patients with refractory B cell NHL.

Methods

Patients and donors

Patients with relapsed or primary refractory CD20+ NHL
with adequate organ function who had failed at least two
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salvage therapies were eligible. The protocol and consent
procedures were approved by the University of Minnesota
Institutional Review Board. Non-mobilized donor periphe-
ral blood mononuclear cells were collected using a Fenwal
CS-3000® Plus blood cell separator (#4R4538) with a gran-
ulocyte separation chamber and small volume collection
chamber (SVCC) (Fenwal Division, Baxter Healthcare,
DeerWeld, IL).

Preparation of the NK cell product

The apheresis product was T cell- (CD3¡) depleted using
the Miltenyi Biotec CliniMACS® Cell Selection System
and CD3 MicroBeads and reagent (Miltenyi Biotec,
Auburn, CA) and cultured in serum-free media (X-VIVO
15, Cambrex BioScience, Walkersville, MD) supplemented
with 10% human AB serum and 1,000 U/mL IL-2 (Chiron
Corporation, Emeryville, CA) [17]. Following 8–16 h incu-
bation, cells were washed twice with a 5% human serum
albumin. An aliquot of the cell product was analyzed by
Xow cytometry to determine the number of T, B and NK
cells (using FITC, APC, PE and perCP conjugated antibod-
ies against CD3, CD56, CD19, KIR, NKG2A, NKG2D,
CD16, CD69 [BD PharMingen, San Diego, CA]) and tested
in a 4-h Cr-release cytotoxicity assay against K562 cell line
pre and post IL-2 incubation [18].

Patients received Xudarabine 25 mg/m2/day intrave-
nously (IV) daily (days ¡6 to ¡2) and cyclophosphamide
60 mg/kg/days IV day ¡6 to induce immunosupression and
lymphodepletion required to facilitate homeostatic expan-
sion of allogeneic donor NK cells. Rituximab 375 mg/m2

IV was administered on day ¡8 and then weekly for 3 more
doses (days ¡1, +6, +15) to enhance ADCC. Cell products
were administered by intravenous infusion on day 0 fol-
lowed by subcutaneous IL-2 10 £ 106 units starting 4 h
after NK cell infusion and given every other day £6 doses
to facilitate NK cell survival and expansion in vivo.
Patients’ lymphoma was re-staged at day 28, months 2 and
3 by PET/CT and responses determined according to the
IWG 2007 criteria for NHL. Patients in complete remission
had a bone marrow biopsy performed at 2 months. We
monitored donor cell persistence by short tandem repeats
(STRs) analysis of whole peripheral blood (PB) at days 7,
14 and Wne-needle aspirates from enlarged lymph nodes
obtained between days 8 and 14. Toxicity and adverse
events were classiWed according to National Cancer Insti-
tute Common Terminology Criteria for Adverse Events V
3.0 (CTCAE).

Phenotyping, cytotoxicity, ELISA

Patients’ blood was analyzed by Xow cytometry pre-che-
motherapy, days 0, +7, +14 and +28 with multicolor Xuo-

rescent control or speciWc antibodies directed at CD45,
CD56, CD3, CD4, CD25, CD19, CD25, CD127, and Foxp3
(BP PharMingen, San Diego, CA). The frequency of regu-
latory T cells were analyzed pre-chemotherapy and on days
0 and 14. Plasma IL-15, IL-7, tumor necrosis factor recep-
tor 1 (TNFR1) and IL-10 concentrations were determined
by commercial enzyme-linked immunosorbent assay (ELISA;
R&D Systems, Minneapolis, MN).

Statistical analysis

The prospectively established primary endpoint of this
study was to achieve donor NK cell expansion to an abso-
lute level of >100 cells/�L at day 14 after NK cell infusion.
Cell frequencies were summarized using descriptive statis-
tics. Statistical analysis was performed using Graphpad
Prism software (ElCamino, CA) using a paired Student’s
t test. A p < 0.05 was considered statistically signiWcant.

Results

Patient, NK cell product characteristics and clinical 
outcomes

Six patients with advanced NHL were enrolled. All patients
were resistant to rituximab-containing salvage chemother-
apy regimens and three patients were refractory to Xudara-
bine. They were ineligible for autologous or allogeneic
HCT due to progressive disease. Three out of six haplo-
identical donor-recipient pairs were KIR ligand (HLA)
mismatched in the GvH direction (Table 1).

The Wnal NK cell product contained 43 § 11% NK cells
yielding a dose of 21 § 19 £ 106 NK cells/kg. T cell deple-
tion was eYcient with only 0.16 § 0.12% contaminating
T cells (Fig. 1a). The activated NK cell product expressed
high levels of FcR�III CD16 (85 § 6%), NKG2D receptors
for stress-induced ligands (40 § 5.4%) and CD69 (40 § 24%)
reXective of their pre-infusion activation. The expression of
KIR and NKG2A was 80 § 2 and 39 § 1.8%, respectively.
Ex vivo exposure to IL-2 had no impact on these levels.
Following ex vivo IL-2 incubation NK cells were highly
cytotoxic against K562 targets (Fig. 1b) and expressed two-
fold higher levels of the adhesion molecule CXCR4
(37 § 9 vs. 17.6 § 3%; p = 0.03).

The high-dose chemotherapy and NK cell infusion did
not induce unexpected toxicity. 5 of 6 patients completed
all prescribed IL-2 doses. No patient developed prolonged
marrow aplasia or GVHD. Non-hematologic toxicities were
NCI CTCAE grade 1–3 rigors and fevers with the NK cell
infusion (4 patients), skin redness/swelling at IL-2 injection
site (4 patients), fatigue (3 patients), sepsis (1 patient),
hypertension (1 patient), bigeminy related to electrolyte
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disturbance (1 patient) and tumor-induced airway obstruc-
tion (1 patient). In 1 patient, IL-2 was stopped after the
fourth dose due to dyspnea with pulmonary inWltrates. The
patients’ condition rapidly improved with antifungal ther-
apy although no fungal infection was documented. We
observed grade 3 neutropenia and thrombocytopenia in all
patients. Mean time to neutrophil and platelet recovery was
12 (range 10–16 days) and 14 days (range 3–38 days),
respectively. One patient had delayed hematologic recovery
associated with human herpes virus-6 infection, which
responded to the treatment with foscarnet. This patient was
not evaluable for PB cell analysis due to prolonged lym-
phopenia until day 30.

Clinical outcomes are summarized in Table 1. Four
patients achieved objective remissions (2 complete remis-
sions, 2 partial remissions) on day 28 which were main-
tained at the 2 months post-therapy evaluation. Two
patients (#1 and #2) with complete resolution of lymphoma
on PET/CT also cleared their bone marrow of lymphoma at
2 months. Three responding patients underwent allogeneic
donor HCT at 116, 70 and 62 days post-NK cell therapy
with no evidence of disease progression at the time of trans-
plant. The PR in the fourth responding patient lasted for
123 days.

Lack of donor NK cell persistence in blood and tissues

We hypothesized that transient donor NK cell in vivo
expansion and persistence is a prerequisite to clinical
eYcacy. One patient demonstrated PB donor cell expansion
(43% circulating donor cells) at day 7 following NK cell
infusion, which were replaced by all host cells at later time

points. At days 14 and 28, none of the patients had detect-
able donor cells. NK cells did not signiWcantly change after
IL-2 therapy (percentage of lymphocytes and absolute NK
cells [mean (range) pre-chemotherapy vs. day 14: 31 § 12
vs. day 28 § 11%; 94 NK cells/�l (range 0–129) vs. 137
NK cells/�l (range 0–520); p = NS).

To investigate the possibility of NK cell traYcking to
aVected lymph nodes, we performed Wne-needle aspiration
of palpable tumor in three patients, but obtained a suYcient
quantity of cells from only one patient. This needle aspirate
(at day 14 after NK infusion) showed 2.1% donor cells by
STR and 3% of lymphocytes were NK cells. Given the
absence of donor NK cells in the blood of this patient, the
future study of donor NK cells homing to tumor-bearing
lymph nodes is warranted.

Host-regulatory T cells proliferate following IL-2 therapy

Pre-infusion chemotherapy led to lymphodepletion and an
endogenous release of IL-7 and IL-15 as shown previously
[8]. However, lymphodepletion was incomplete and tran-
sient as demonstrated by persistence of recipient T cells
immediately before NK cell infusion (Fig. 1d) and rapid
recipient T lymphocyte recovery at day 14 with a mean
absolute lymphocyte count of 695 § 83 cells/�l (mean
63 § 25% T lymphocytes, 28 § 11% NK cells). To under-
stand this prompt immune reconstitution after high-dose
therapy, we examined the phenotype of T cells for the pres-
ence of the regulatory T cell (Treg) subset. We observed a
threefold increase in CD4+CD127¡/lowCD25+ cells follow-
ing 14 days of IL-2 therapy compared with baseline
(31.1 § 13% vs. 9.82 § 4%; n = 5, p = 0.003) which lead

Table 1 Clinical and disease characteristics

DLBCL diVuse large B cell lymphoma, N not received, BM bone marrow, Xu Xudarabine, rit rituximab, XRT radiation therapy, CR complete remis-
sion, PR partial remission, NR no response, Flu R Xudarabine refractory, Rit R rituximab refractory, MRD matched related donor, DUCB double
umbilical cord blood, HCT hematopoietic cell transplantation, KIR-L MM killer immunoglobulin receptor-ligand (class I HLA mismatch) in graft
versus host direction

Pt Diagnosis Age Prior 
regimens

Stage BM+ Flu R Rit R Response KIR-L MM Time to 
next therapy 
(days)

Subsequent 
therapy

Outcome

1 Marginal 
zone 
lymphoma

48 5 IVB Yes Yes Yes CR Yes Bw4 116 MRD HCT Alive in CR 6 + months

2 Follicular 
lymphoma

49 4 IVB Yes Yes Yes CR Yes C2 70 MRD HCT Alive in CR 5 + months

3 Transformed 
lymphoma

57 5 IVB Yes Yes Yes PR No 62 DUCB HCT Alive, relapse 
at 6 months

4 DLBCL 76 6 + XRT IEA No N Yes PR Yes C1 123 Chemotherapy Alive, relapse 
at 6 months

5 DLBCL 48 3 IVB No N Yes NR No 45 Clinical trial Dead

6 Transformed 
lymphoma

35 3 + XRT IIEA No N Yes NR No – Palliative care Dead
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to an absolute Treg cell increase ([mean § SEM]
180 § 80 cells/�l vs. 58 § 24 cells/�l, p = 0.04; Fig. 1c).
The Treg expressed high levels of Foxp3 (Fig. 1d). Pheno-
typic and functional characteristics of these cells suggest
modest immunosuppressive activity (not shown). Expan-
sion of Tregs correlated with twofold increase in plasma
levels of TNFR1 and IL-10 at day 14 as compared to pre-
NK infusion levels (Fig. 1c). In contrast, no diVerences in
absolute cytotoxic T cells (CD3+CD4¡) were observed
after therapy as compared to pre-chemotherapy (Fig. 1c).
These Wndings suggest that inadequate lymphodepletion
followed by IL-2 administration can permit enhanced host
Tregs. By active suppression, secretion of inhibitory cyto-
kines or possibly by competition for exogenous IL-2 the
Tregs may have interfered with donor NK cell proliferation
and activation. Since the primary endpoint of NK cell
expansion was not met, we adhered to prospectively
designed stopping rules and closed the trial after enrolling
six patients.

Discussion

In this pilot trial, we demonstrated feasibility and safety of
haploidentical NK cells infusions in NHL patients. Our
Wndings suggest that in vitro IL-2 activation improves
donor NK cells cytotoxicity and can impact on homing to
bone marrow by increased expression of CXCR4 on NK
cells. We observed objective clinical responses in four
patients, but without sustained donor NK cell expansion
in peripheral blood. Therefore, the objective clinical responses
observed cannot be directly associated with NK cell therapy.
NK cell responses cannot be separated from the pre-infusion
chemo-immunotherapy and IL-2 despite their clinical tumor
progression following similar chemotherapy agents used
previously. It is also not known what level of NK cell
expansion will result in clinical eYcacy. In fact, one study
using adoptive T cell therapy reported major tumor responses
without evidence of sustained donor chimerism so the thresh-
old may be very low [19].

Fig. 1 a Allogeneic NK cell 
products and ex vivo expansion. 
Total nucleated cell (TNC), 
CD56+/CD3¡ NK cell and 
CD3+ T cell frequencies 
(mean § SEM) in six apheresis 
products, after CD3 depletion 
and overnight activation with 
1,000 IU/ml IL-2. b CD3 deplet-
ed clinical products (n = 6) were 
tested in Cr51 release cytotoxic 
assay against K562 targets 
before and after ex vivo incuba-
tion with 1,000 IU/ml IL-2 at 
E:T ratio as shown (*p < 0.05). 
c Regulatory T cells increase 
after NK cell and IL-2 therapy. 
Patients with refractory lym-
phoma received pre-infusion 
chemotherapy, haploidentical 
donor NK cell infusion and IL-
2 £ 6 doses. Absolute numbers 
of regulatory T cells, cytotoxic 
CD3+CD4¡ lymphocytes, serum 
levels of tumor necrosis factor 
receptor 1 and IL-10 are com-
pared at baseline and at day 14. 
Mean cell frequencies § SEM 
of Wve evaluable patients are 
shown (*p < 0.05). d Flow cyto-
metric detection of T lympho-
cytes subsets and Treg in 
peripheral blood at baseline, 
days 0 (prior to allogeneic NK 
cells infusion) and 14 (following 
IL-2 therapy) are compared. 
Representative plot from patient 
#6 is shown
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Importantly, our observations led to the identiWcation of
host factors that may have interfered with donor NK cell
expansion, particularly host Treg proliferation. Transient
lymphodepletion following high-dose chemotherapy spared
regulatory T cells and exogenously administered IL-2
allowed their proliferation. Although immune properties of
IL-2 induced Tregs are not well understood, functional test-
ing and cytokine proWles suggest immunosuppressive
potential that could interfere with donor NK cells survival,
expansion and activation [20, 21]. Our Wndings are particu-
larly relevant in the context of recent animal observations,
which demonstrated that endogenous Treg interfered with
NK cell proliferation and function and combination therapy
using IL-2 and anti-CD25 results in augmented NK cell-
mediated antitumor responses [22]. In addition, depletion
of Tregs by IL-2 diphtheria toxin facilitated expansion of
transferred cytotoxic T lymphocytes and signiWcantly
enhanced leukemia killing and prolonged survival of ani-
mals with AML when compared with T cell infusion
alone [23].

The conditions required for survival and expansion of
adoptively transferred lymphocytes in humans are not
known and remain an area of active clinical research.
Development of optimal chemotherapy to prolong survival
and homing of infused NK cells are beginning to be under-
stood. Our results suggest that future adoptive donor cell
transfer chemotherapies may beneWt from speciWc agents to
eliminate or prevent Treg expansion.
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