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ABSTRACT
Enhancement of antibody-dependent cellular cytotoxicity (ADCC) may potentiate the antitumor efficacy of
tumor-targeted monoclonal antibodies. Increasing the numbers and antitumor activity of NK cells is a
promising strategy to maximize the ADCC of standard-of-care tumor-targeted antibodies. For this
purpose, we have preclinically tested a recombinant chimeric protein encompassing the sushi domain of
the IL15Ra, IL-15, and apolipoprotein A-I (Sushi-IL15-Apo) as produced in CHO cells. The size-exclusion
purified monomeric fraction of this chimeric protein was stable and retained the IL-15 and the sushi
domain bioactivity as measured by CTLL-2 and Mo-7e cell proliferation and STAT5 phosphorylation in
freshly isolated human NK and CD8C T cells. On cell cultures, Sushi-IL15-Apo increases NK cell proliferation
and survival as well as spontaneous and antibody-mediated cytotoxicity. Scavenger receptor class B type I
(SR-B1) is the receptor for ApoA-I and is expressed on the surface of tumor cells. SR-B1 can adsorb the
chimeric protein on tumor cells and can transpresent IL-15 to NK and CD8C T cells. A transient NK-
humanized murine model was developed to test the increase of ADCC attained by the chimeric protein in
vivo. The EGFRC human colon cancer cell line HT-29 was intraperitoneally inoculated in immune-deficient
Rag2¡/¡gc¡/¡ mice that were reconstituted with freshly isolated PBMCs and treated with the anti-EGFR
mAb cetuximab. The combination of the Sushi-IL15-Apo protein and cetuximab reduced the number of
remaining tumor cells in the peritoneal cavity and delayed tumor engraftment in the peritoneum.
Furthermore, Sushi-IL15-Apo increased the anti-tumor effect of a murine anti-EGFR mAb in Rag1¡/¡ mice
bearing subcutaneous MC38 colon cancer transfected to express EGFR. Thus, Sushi-IL15-Apo is a potent
tool to increase the number and the activation of NK cells to promote the ADCC activity of antibodies
targeting tumor antigens.
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Introduction

Tumor-targeting monoclonal antibodies recognize cell surface
tumor antigens and elicit tumor cell death by direct or indirect
mechanisms. Indirect mechanisms involve the recruitment of
two types of effector immune functions. First, the complement
cascade can be activated by recruitment of C1q to the Fc region
of appropriate IgG subclasses.1 Secondly, NK and macrophage
cytotoxic activity can be triggered against tumor cells by activat-
ing Fc-receptor CD16A (FcgRIIIA). This mechanism is termed
antibody-dependent cellular-mediated cytotoxicity (ADCC).2

ADCC has been exploited therapeutically since the discovery
of anti-tumor associated antigen directed monoclonal antibod-
ies. One of these approved monoclonal antibodies is cetuxi-
mab,3 which targets the epidermal growth factor receptor
(EGFR) and is used for treatment of head and neck and colon
cancer. In addition to a direct antitumor effect impairing

intrinsic EGFR tyrosine kinase signaling,4 cetuximab is able to
mediate ADCC.5

The Fc region of recently approved monoclonal antibodies
has been engineered to maximize ADCC activity.6,7 However,
strategies to enhance immune effector mechanisms may poten-
tiate the efficacy of monoclonal antibodies that mediate ADCC.
Interleukin 15 (IL-15) is a cytokine that has been shown to
enhance ADCC.8 IL-15 belongs to the interleukin 2 (IL-2) fam-
ily and is critical for the development of NK and NKT cells.9,10

IL-15 bioactivity is optimal when complexed to IL-15Ra, which
trans-presents this cytokine to IL-2Rb/g to surrounding lym-
phocytes.11 Several chimeric IL-15 proteins are being developed
to maximize the antitumor activity of this cytokine enhancing
its transpresentation and/or increasing its half-life in circula-
tion. Transpresented forms of IL-15 have been shown to
increase ADCC by enhancing both NK cell numbers and their
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activity. In line with this, an IL-15 and IL-15 receptor alpha
fusion protein increased the ADCC of an anti-GD2 mAb in a
model of neuroblastoma.1 Moreover, another fusion protein
encompassing a mutated IL-15, the sushi domain of the IL-15
receptor alpha and an IgG1 Fc domain achieves strong ADCC
activity in murine models and it is currently being tested in
clinical trials.13

We have previously described the potent antitumor activity
of a triple murine fusion protein encompassing the sushi
domain, IL-15, and apolipoprotein A-I (Apo A-I) upon gene
transfer to the liver in mice by hydrodynamic injection. The
Apo A-I moiety redirected the chimeric protein to high-density
lipoproteins, increasing its half-life in circulation while the IL-
15Ra sushi domain mediates cytokine transpresentation.14,15

Here, we evaluate if the antitumor ADCC activity of this chi-
meric molecule as a purified recombinant protein can be trans-
lated to the clinical setting.

Results

Bioproduction and purification of a human Sushi-IL-15-
Apo chimeric protein

We established a production procedure in eukaryotic cells to
provide the natural glycosylation for the IL-15 moiety16 and to

minimize the endotoxin contamination of the protein. Thus,
the recombinant protein was collected from the enriched
medium of a stable transfectant in CHO cells.

Protein was purified by Ni-affinity chromatography fol-
lowed by gel filtration to isolate monomeric protein in PBS pH
8.0. The purified protein was analyzed by Coomassie-stained
SDS-PAGE under non-reducing conditions (Supp. Figure 1A).
A single band of the expected molecular weight was observed.
The aggregation of the protein was analyzed by analytical size-
exclusion chromatography (Supp. Figure 1B). The purified pro-
tein maintained the monomeric state upon long-term storage
at -80�C. The endotoxin level, measured by the LAL test, was
under 0.5EU/mg.

Recombinant Sushi-IL15-Apo has IL-15 bioactivity

Sushi-IL15-Apo bioactivity was tested analyzing the capacity to
induce proliferation in the IL-15-dependent cell lines CTLL-2
and Mo-7e. CTLL-2 express IL-15Ra while Mo-7e does not
(Supp. Figure 2).17,18 As shown in Fig. 1A, Sushi-IL15-Apo was
bioactive in both assays. In these experiments, Sushi-IL15-Apo
activity was studied using the WHO international standard of
IL15 (NIBSC code 95/554) as the positive control. To test the
bioactivity of Sushi-IL15-Apo on human CD8C T and NK cells,

Figure 1. Sushi-IL15-Apo bioactivity (A) IL-15 activity upon stimulation of IL-15Ra-expressing and non-expressing responding cells, measured as cell proliferation. CTLL2
and Moe7 cells were labeled with tritiated thymidine and treated with different concentrations of IL-15 or Apo-IL15-Sushi. Nuclear incorporation of tritiated thymidine
was measured at 48 h. (B) STAT-5 phosphorylation in CD8C and NK cells as induced by IL-15 and Apo-IL15-Sushi. pSTAT-5 was stained and its expression studied by flow
cytometry. PBMCs from volunteers were incubated with different concentrations of IL-15 or Sushi-IL15-Apo at 37�C during 30 min. Histograms show pSTAT-5 expression
in cells treated with 10 nM of Sushi-IL15-Apo (black) or 10 nM of IL-15 (red). The grey shadow histograms correspond to the non- stimulated cells.
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STAT5 phosphorylation was determined in the cell lines fol-
lowing 30 min in cultures in presence of the cytokines
(Fig. 1B). Sushi-IL15-Apo was also bioactive on primary CD8C

T and NK cells in a dose-dependent manner.

Sushi-IL15-Apo i.v. administration increases numbers
of NK and CD8C T cells in mice

Sushi-IL15-Apo is an amphipathic molecule that was designed
to become part of high-density-lipoproteins in order to opti-
mize the pharmacokinetic profile of IL-15.14 As human IL-15 is
cross-reactive on mouse lymphocytes, 20 mg of Sushi-IL15-
Apo were i.v. administered to mice and after 5 days, spleen and
liver lymphocyte populations were studied (Fig. 2A and 2B).
The absolute number of splenic and liver CD8C T, NK and
NKT cells was higher in mice that received Sushi-IL15-Apo
than in mice receiving control. This effect was comparable to
observations in mice that received by hydrodynamic injection
10 mg of a plasmid coding for Sushi-IL15-Apo (Supp. Figure 3).
In this case, lung lymphocytes were also studied, and a marked
increase in lung NK cell population was observed in compari-
son with mice receiving a plasmid coding for apolipoprotein
A-I. Importantly, at day 5, mice treated with Sushi-IL15-Apo
(either plasmid or protein) showed no noticeable signs of toxic-
ity (Supp. Figure 3).

Sushi-IL15-Apo increases absolute numbers, survival
and proliferation of human NK cells in culture

Since the main objective of this study was to determine the
capacity of Sushi-IL15-Apo to increase ADCC in NK cells, we
studied the effect of the fusion protein on cultured NK cells.
Firstly, we observed an increment in the absolute number of
NK cells in cultures of peripheral mononuclear cells (PBMCs)
from healthy volunteers cultured with 10 nM of Sushi-IL15-
Apo for 72h (Fig. 3A). To explore the mechanisms behind this
effect, NK cells purified from PBMCs by immunomagnetic neg-
ative selection were used. CFSE stained NK cells treated with
Sushi-IL15-Apo proliferated more than NK cells cultured
without cytokines. The level of proliferation induced by Sushi-
IL15-Apo was similar to the proliferation observed in NK cells
cultured with IL15 (Fig. 3B). To determine if pro-survival
effects were better in the cultures treated with the fusion pro-
tein, expression of the anti-apoptotic protein Bcl-XL was stud-
ied (Fig. 3C). Sushi-IL15-Apo enhanced Bcl-XL expression in
NK cells, although the expression was higher in IL15-cultured

NK cells. It is of note that NK cells treated with Sushi-IL15-
Apo presented a slightly higher expression of CD16A, an
important molecule for ADCC, on their membrane (Fig. 3D).
Moreover, Sushi-IL15-Apo enhanced the presence of the co-
stimulatory molecule CD137 on NK cells, as shown in Fig. 3E.

Sushi-IL15-Apo increases NK-cell-mediated ADCC
and natural cytotoxicity

To explore the ADCC performance of NK cells treated with
Sushi-IL15-Apo, chromiun51 release assays were performed
with purified NK cells cultured during 48h with Sushi-IL15-
Apo. In a first stage, the target was the EGFRC colon
carcinoma-derived cell line HT-29 and the tumor-cell coating
antibody eliciting ADCC was cetuximab. As shown in Fig. 4A,
Sushi-IL15-Apo increased natural cytotoxicity against HT-29
cells, but also the measurable ADCC effect. This activity was
also observed using the EGFRC cell line HCT116 as a target
(Supp. Figure 4). Enhancement of ADCC was also addressed
analyzing surface expression of CD107a on NK cell membrane
during the cytotoxicity assay as an estimate of degranulation.
More intense expression was seen in NK-HT-29 co-cultures
treated with Sushi-IL15-Apo with or without cetuximab, than
in their respective controls. This effect was confirmed using
two additional experimental settings co-culturing NK cells with
antibody-coated tumor cells: the Her2C breast cancer derived
cell line BT474 treated with trastuzumab (Herceptin, Roche)
(Fig. 4C) and the CD38C multiple myeloma-derived cell line
MM1S coated with the anti-CD38 mAb daratumumab (Darza-
lex, Janssen) (Fig. 4D). In both cases, Sushi-IL15-Apo increased
NK cell degranulation and decreased viability in tumor cells,
indicating that the Sushi-IL15-Apo enhancement of ADCC is
independent of the target or the tumor-cell coating antibody.
Next, an enhancement in natural cytotoxicity of NK cells
treated with Sushi-IL15-Apo was observed in a 4 hour chro-
miun51 release assay using the erythroleukemia derived cell line
K562 as the canonical NK target (Fig. 4E). The increase in cyto-
toxicity of NK cells cultured with Sushi-IL15-Apo is likely asso-
ciated with the enhancement of granzyme B expression
(Fig. 4B).

Sushi-IL15-Apo binds to SR-B1 in tumor cells and is trans-
presented to CD8 T and NK cells

First-in-human clinical trials with IL-15 have shown unfavor-
able safety causing fever and hypotension at low doses,

Figure 2. Sushi-IL15-Apo i.v. administration increases NK and CD8C T cell populations in mice. Mice received i.v. 20 mg of Sushi-IL15-Apo protein. After five days, lympho-
cyte populations from spleens (A) and livers (B) were studied. � D p < 0.05 and �� D p < 0.01 in a student t test.
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probably related to bolus infusion and systemic exposure.19

One potential solution could be IL-15-constructs targeting the
tumor but retaining the ability to activate CD8C T and NK
cells. SR-B1 is the main receptor of apolipoprotein A-I and it is
highly overexpressed on tumor cells.20 We tested if Sushi-IL15-
Apo becomes targeted to tumor cells because of binding to
SR-B1. Firstly, tumor cell lines derived from different types of
cancer were selected and the expression of SR-B1 was examined
by flow cytometry. As shown in Fig. 5A, all the cell lines studied
expressed SR-B1 on the plasma membrane at different densi-
ties. To show the trans-presentation functionality of SR-B1, we
allowed Sushi-IL15-Apo to become bound to tumor cells which
following extensive washing were co-cultured with human
PBMCs. After 30 min co-culture, cells were fixed to observe the
STAT5 phosphorylation in gated CD8C T and NK cells by flow
cytometry. As a control, PBMCs co-cultured with tumor cells
that had not been pretreated with Sushi-IL15-Apo were used.
All the tumor cells tested were able to induce STAT5 phosphor-
ylation, and therefore, to trans-present IL-15 to CD8C T and
NK cells (Fig. 5B). However, given the amphipathic nature of
Sushi-IL15-Apo, unspecific adsorption on tumor cell mem-
brane had to be ruled out. Thus, experiments of trans-presenta-
tion were performed pre-treating tumor cells with an antibody
that blocks SR-B1 binding to apolipoprotein A-I. As shown in

figures 5C and 5D, the presence of the blocking antibody
curtailed STAT5 phosphorylation in CD8C T and NK cells in a
dose-dependent manner, suggesting that the transpresentation
of IL-15 by tumor cells is specific to SR-B1-apolipoprotein A-I
binding

Sushi-IL15-Apo increases ADCC in a transiently
humanized murine model

Sushi-IL15-Apo capacity to increase ADCC in vivo was tested
in a transiently humanized murine model in which cells from
the EGFRC colon carcinoma-derived cell line HT-29 were
stained with CFSE and injected i.p. into immunodeficient mice.
At the same time, PBMCs and Sushi-IL15-Apo were adminis-
tered intraperitoneally. Cetuximab was given to the mice the
next day and after 36h peritoneal lavage was performed to
assess the number of HT-29 cells remaining in the peritoneum.
Figures 6A and 6 show the number and percentage of HT-29
recovered from the peritoneal lavage of mice that received
Sushi-IL15-Apo. Both parameters were significantly reduced in
comparison with mice that received only PBMCs and cetuxi-
mab, whereas the absolute number of NK cells in the perito-
neum was enhanced in mice that received the Sushi-IL15-Apo
protein (Fig. 6C). It is of note that there was a slight increase in

Figure 3. Sushi-IL15-Apo increases absolute numbers of human NK cells in culture and increases their survival and proliferation. (A) PBMCs from volunteers were cultured
without cytokines or with 10 nM of Sushi-IL15-Apo. At 72h cells were counted and CD3¡CD56C percentages determined by flow cytometry. (B) Purified NK cells were pre-
stained with CFSE and cultured without cytokines or with 10 nM of Sushi-IL15-Apo or IL15 during 72 h and proliferation was monitored by flow cytometry. (C and D) NK
cells from volunteers were isolated using a negative selection immunomagnetic kit and cells were cultured without cytokines or with 10 nM of Sushi-IL15-Apo for 6 days.
The indicated markers were studied by flow cytometry. Each dot represents the result in individual subjects. (E) Surface CD137 expression was studied by flow cytometry
on purified NK cultured as in B and C. Furthermore, RNA was isolated and CD137 expression analyzed by real time RT-PCR. � D p < 0.05, �� D p < 0.01 and ��� D p <

0.001 in a paired student t test.
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natural cytotoxicity when Sushi-IL15-Apo was administered
without cetuximab (Supp. Figure 5A). However, the largest
effect against HT-29 was obtained when the two compounds
were co-administered. Following lavage, mice were kept alive,

and subcutaneous tumors grew at the peritoneal lavage punc-
ture site. These tumors were absent or very small in mice which
received Sushi-IL15-Apo (figure 76D). These experiments
allowed us to study the NK cells recovered from the peritoneal

Figure 4. Sushi-IL15-Apo increases NK-cell mediated ADCC and natural cytotoxicity in vitro (A) Purified NK cells that had been cultured for 48h with Sushi-IL15-Apo or
without cytokines were subsequently cocultured with cells from the colon carcinoma derived cell line HT-29 previously labeled with chromiun51 in the presence or
absence of cetuximab. % specific cytotoxicity was measured in 4 h chromium release assays. Right top panel: CD107a expression on NK cell membranes after isolation,
activation as in A and coculture with HT-29 cells in the presence or absence of cetuximab. Right bottom panel: Percentage of dead or apoptotic tumor cells. (B) Intra-cellu-
lar expression of granzyme B in NK cells cultured for 48 h with 10 nM of Sushi-IL15-Apo. (C and D) Percentage of CD107aC NK cells and dead and apoptotic tumor cells
were determined in a flow cytometry assay as in A, but using the HER2C cell line BT474 with trastuzumab (C) or the CD38C multiple myeloma-derived cell line MM1S
with daratumumab (D) to stimulate the cultures. (E) NK cells treated as in A were cocultured for 4 h with chromiun51 labeled K562 cells to study % of cytotoxicity in chro-
mium release assays. ���< p0.001, �� D p < 0.01 and � D p < 0.05 in a two-way ANOVA test comparing the Sushi-IL15-Apo C cetuximab group vs. cetuximab group in
A or Sushi-IL15-Apo vs. control in C.

Figure 5. Sushi-IL15-Apo binds to SR-B1 on tumor cells and IL-15 is trans-presented to CD8T and NK cells (A) SRB1 membrane expression on different tumor cell lines as mea-
sured as the mean of fluorescence intensity by flow cytometry. (B) STAT5 phosphorylation in NK and CD8C T cells cocultured with tumor cells that had been previously incu-
bated with 50 nM of Sushi-IL15-Apo protein and washed three times. (C) STAT5 phosphorylation in NK cells treated as in B, but with a group in which SR-B1 was blocked by a
specific antibody. The positive control was STAT5 phosphorylation in NK cells directly treated with 50 nM of Sushi-IL15-Apo. (D) STAT5 phosphorylation in NK cells incubated
with Hela and MM1S washed three times after 30 min incubation with 100 nM of Sushi-IL15-Apo testing different dilutions of an anti-SR-B1 blocking antibody.
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cavity. The NK cells were not only more abundant in mice
treated with Sushi-IL15-Apo (Fig. 6C) but also expressed
CD137 more intensely on the membrane while less CD16A was
detectable (figures 6E and 6F). These results suggest that NK
cells had engaged in ADCC on cetuximab coated carcinoma
cells. However, the increased CD137 expression on the mem-
brane was independent of cetuximab (sup. Fig. 5B).

Sushi-IL15-Apo exerts anti-tumor effects in combination
with an anti-EGFR mAb in a syngeneic model

The long-lasting anti-tumor effect of Sushi-IL15-Apo inducing
ADCC was tested in subcutaneous tumors derived from the
colon cancer cell line MC38 transfected to express EGFR
(Supp. Figure 6). Tumor cells were injected into Rag1¡/¡ mice
and 10 days after tumor inoculation, mice were treated with an
anti-EGFR murine antibody and 1 mg of plasmid coding for
Sushi-IL15-Apo hydrodynamically transfected. A delay in
tumor growth was observed in mice treated with anti-EGFR
and the Sushi-IL15-Apo plasmid (Fig. 7A), that led to a delayed
animal death (Fig. 7B).

Discussion

The therapeutic efficacy of IL2 is believed to be due to stimula-
tion on T and NK lymphocytes and led to the approval of this
cytokine for the treatment of advanced renal cell carcinoma

Figure 6. Sushi-IL15-Apo increases ADCC in a transient humanized murine model. (A) Absolute numbers of living HT-29 cells recovered from the peritoneal lavage of mice
intraperitoneally given 106 HT-29 cells and 106 human PBMCs, 20 mg of Sushi-IL15-Apo protein and 50 mg of cetuximab. Pooled data from 4 independent experiments
with 2–5 mice per group are shown in the graph. (B) Percentage of living HT-29 cells recovered in experiment A. (C) Absolute numbers of NK cells recovered in the perito-
neal lavages. (D) Subcutaneous tumor growth observed in mice from the experiment A at the tumor lavage puncture site. (E and F) CD137 expression and percentage of
CD16low cells in NK cells recovered in the peritoneal lavages. �� D p < 0.01 and � D p < 0.05 in U-Mann Whitney or Kruskal-Wallis test.

Figure 7. Sushi-IL15-Apo increases the anti-tumor effect of an anti-EGFR mAb
in a subcutaneous syngeneic model. (A) Volume follow-up of subcutaneous
tumors derived from MC38 colon cancer expressing EGFR treated with an
anti-EGFR murine antibody or control and 1 mg of expression plasmid coding
for Sushi-IL15-Apo that was hydrodynamically injected.

�� indicates p<0.01 in
a repeated measured ANOVA test comparing the tumor sizes between the
group receiving anti-EGFR C pApo and the group treated with anti-EGFR and
pSushi-IL15-Apo. (B) Kaplan-Meier survival curves. �indicates p<0.01 in a
Gehan-Breslow-Wilcoxon test comparing the tumor sizes between the group
receiving anti-EGFR C pApo and the group treated with anti-EGFR and
pSushi-IL15-Apo.
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and metastatic melanoma.21,22 However, the serious adverse
events associated with the high dose of this cytokine complicate
wide clinical use.23 Nevertheless, it is an invaluable tool for in
vitro culture and expansion of T and NK lymphocytes and for
prolonging the engraftment of adoptively transferred
lymphocytes.24

Among the different alternatives to IL2 treatment, IL15 is
particularly appealing due to its reduced effects on T regulatory
cells25 and the transpresentation mechanism.11 As mentioned
above, IL15 is trans-presented to target lymphocytes by the
interleukin 15 receptor alpha (IL15Ra) subunit expressed
on the IL15 producing cell. The IL15- IL15Ra complex is then
optimally able to trigger the intracellular signaling cascade in
the target cell that expresses the common beta and gamma
receptor of the IL2 receptor.11 For these reasons, IL15 may be
more suitable for cancer immunotherapy.

IL15 is hindered by a short plasma half-life due to renal fil-
tration and elimination. Thus, optimal therapeutic agents based
on IL15 must consist of chimeric molecules that overcome the
transpresentation mechanism due to the provision of the sushi
domain of the IL15Ra in cis and provide an increased half-life
in circulation. Sushi-IL15-Apo fulfills these two require-
ments.14,15 Here, we developed a eukaryotic production system
to obtain a glycosylated-IL15-based chimeric protein. This pro-
tein was able to sustain the proliferative capacity of CTLL-2
although the specific activity was reduced when compared with
an international standard of IL15. Of note, this difference was
minimized in the Mo-7e cell line, a cell line deficient in IL15Ra
that allowed us to measure the contribution of the IL15Ra sushi
domain.

An increase in ADCC mediated by tumor-targeted mono-
clonal antibodies upon combination with different IL15 var-
iants has been recently reported.12,13 Our results with the
chimeric Sushi-IL15-Apo fully support these previous findings.
The novel chimeric protein enhanced the number of NK cells
due to an increase in survival and proliferation. In addition, the
chimeric protein increased the cytotoxic potential on a per cell
basis. Thus, the combination of increased numbers of effector
cells and their cytotoxic performance resulted in enhanced
ADCC as mediated by cetuximab. This effect was not only
demonstrated in vitro, but also observed in immunodeficient
mice xenografted with EGFRC HT-29 tumor cells in which
adoptive transfer of PBMCs in combination with cetuximab
and the Sushi-IL15-Apo attained maximal tumor cell elimina-
tion, and in a syngeneic model of a subcutaneous MC38 colon
cancer expressing EGFR.

One advantage of the use of the apolipoprotein A-I moiety
is its tumor-targeting property via SR-B1. In line with this,
reconstituted high-density lipoproteins and apolipoprotein A-
I-decorated nanoparticles have been extensively used to target
lipophilic compounds to tumors.26 Tumor cells overexpress
the main apolipoprotein A-I receptor, the scavenger receptor
class B type I to sustain their high requirements for choles-
terol and phospholipids.20 The targeting effect was mimicked
in culture and was abrogated by a blocking anti-SR-B1 anti-
body. Therefore, apolipoprotein A-I converts tumor cells in
IL15 presenting cells and this is an advantage of this chimeric
molecule over the IL15 fusion protein with the Fc domain of
immunoglobulins.

In conclusion, Sushi-IL15-Apo is an IL15 derivative with
unique characteristics. The combination of reduced specific
activity, sustained half-life in circulation and tumor targeting
may increase the therapeutic window. This is an important
issue when developing IL15 chimeric proteins since overdosing
may produce a lethal NK-mediated pneumonitis in mice.14

Thus, Sushi-IL15-Apo constitutes a new agent with transla-
tional potential particularly as a partner in combined strategies
with tumor-targeting Ab such as cetuximab.

Material and methods

Recombinant Sushi-IL15-Apo protein production
and purification

Codon-optimized cDNA synthesis of Sushi-IL15-Apo with a
His-tag in the N-terminus was ordered from Genewiz (Suzhou,
China). cDNA was cloned into a pQMCF expression vector.

Protein production and purification were performed at Ico-
sagen (Tartu, Estonia). CHOEBNALT85 cells were transfected
with 1mg of the expression plasmid. 48 h after the transfection,
700 mg/ml of G418 was added to select the plasmid containing
cell population.

For production, temperature was shifted to 30�C. The pro-
duction phase lasted 10 days. At the end of the production, the
culture supernatant was clarified by centrifugation (1000 g,
30 min, 15�C), PMSF was added and the supernatant was fro-
zen and kept at -20�C prior to purification.

The supernatant was filtered through a glass fiber prefilter
and Durapore 0.22 mm GV (PVDF) filter. The chimeric protein
was purified by Ni-affinity chromatography. HisTrap FF (5ml,
GE Healthcare, Chalfont St Giles, UK) was used for purifica-
tion. The column was equilibrated with PBS pH 7.4. 0.5 M
imidazole in PBS was used for elution. €Akta Prime was used for
loading; FPLC was used for washing and elution.

Three fractions were pooled and desalted into PBS 7.4 using
a HiPrep 26/10 Desalting column (GE Healthcare). Desalted
fractions were further purified by gel-filtration (Superdex 200,
GE Healthcare). Fractions from the gel filtration runs were
pooled, sterile filtered, and the final concentration was mea-
sured on a NanoDrop 2000C device.

The Endpoint Chromogenic LAL test (Lonza, Walkersville,
MD) was used for endotoxin level measurement

Mice, cell lines

C57BL/6 mice (6–10 weeks old), Rag1¡/¡ and Rag2¡/¡ IL-
2Rg¡/¡ mice were obtained from The Jackson Laboratory (Bar
Harbor, ME) and maintained in the animal facility of CIMA of
the University of Navarra under the guidelines of Ethics Com-
mittee of the center.

Cell lines were maintained at 37�C in 5% CO2 and were
grown in RPMI medium (RPMI 1640) with Glutamax (Gibco,
Invitrogen, Carlsbad, CA) containing 10% heat-inactivated FBS
(Gibco, Invitrogen), 100 IU/mL penicillin and 100 g/mL strep-
tomycin (Biowhittaker, Walkersville, MD). MC38-EGFR cell
line was kindly provided by Dr. Uma~na (Roche Pharma).
CTLL-2 is a stable subclone of cytotoxic T-lymphocytes origi-
nally isolated from a C57BL/6 mouse and 200 U/mL of IL2
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(Preprotech, Hamburg, Germany) were added to the culture
medium. Mo-7e is derived from a human acute myeloid leuke-
mia and was cultured with 10ng/mL of GM-CSF.

PBMCs and NK purification and culture

PBMCs were obtained from healthy volunteers’ blood after gra-
dient centrifugation with Ficoll-Paque (GE Healthcare). NK
cells were purified by negative selection using magnetic beads
and LS selection columns following the manufacturer’s proto-
col (Miltenyi Biotec, Bergisch Gladbach, Germany).

Sushi-Apo-IL15 bioactivity assay

CTLL-2 and Mo-7e cells were washed three times with PBS and
50 ml of cells RPMI medium/well were plated on a 96-well plate
(104cells/well). Recombinant IL15 (NIBSC, Hertfordshire, UK)
or Sushi-IL15-Apo proteins were added at the described con-
centrations and the cultures were maintained for 48h. The cells
were then pulsed with 0.5 mCi of tritiated thymidine
(3H-TdR) 8h before being harvested with a Micro Beta Filter
Mate-96 harvester (Perkin Elmer, Waltham, MA). 3H-TdR
incorporation into the nuclei adsorbed onto the filters was mea-
sured using an automated Topcount liquid scintillation counter
(Packard, Meriden, CT).

pSTAT-5 detection after culture with Sushi-IL15-Apo

PBMCs were incubated 20 min at 37�C in RPMI medium and
IL15 or Sushi-IL15-Apo protein at the indicated concentra-
tions. Then the cells were fixed with an equal volume of 37�C
pre-warmed BD Cytofix Buffer (BD Biosciences, San Diego,
CA) for 10 min. Cells were then permeabilized with BD Phos-
flow perm Buffer III (BD Biosciences) for 30 min in ice-cold
solution and were stained with the different antibodies and
analyzed by flow cytometry.

Isolation of mononuclear cells from spleen, lung, and liver
in mice treated with Sushi-IL15-Apo

Mice were injected i.v. with 20 mg of recombinant Sushi-IL15-
Apo or with 10 mg of Sushi-IL15-Apo plasmid by hydrody-
namic injection. At day 5, spleens, lungs, and livers were
surgically harvested. The organs were mechanically disrupted
and passed through a 70 mm nylon mesh filter (BD Falcon, BD
Biosciences). Dissociated cells from livers and lungs were cen-
trifuged with Percoll© (GE Healthcare) at 35% (500 g, 10 min,
20�C) establishing a gradient in order to eliminate parenchymal
cells. In all cases, erythrocytes were lysed with ACK buffer and
all the cells were washed before further use. Total cell number
was counted with a Neubauer chamber and marker expression
studied by flow cytometry.

Chromium51 release Cytotoxicity assays

Target cells (K562, HT-29 and HCT116) were incubated with
50 mCi of Chromium51 in RPMI during 1 h before being
washed twice and seeded on a 96 well plate (5000 cells per
well). Freshly purified NK cells cultured for 48h with or without

10 nM of Sushi-IL15-Apo were added together with 10 mg/mL
of cetuximab (Erbitux©, Merk) for ADCC assay. After 4h of cell
culture, supernatants were recovered and the chromium51 was
measured using an automated Topcount liquid scintillation
counter (Packard). Maximum lysis was calculated adding 1% of
Triton X-100 (Sigma-Aldrich, Poole, Dorset, UK) to the labeled
cells, and spontaneous lysis was calculated measuring a super-
natant of labeled cells without NK cells or antibody. The per-
centage of lysis of each sample was calculated with the
following formula: % lysis D (sample counts-spontaneous lysis
counts) x 100/(maximum lysis counts – spontaneous lysis
counts).

Antibodies and flow cytometry

Murine cells were pretreated with Fc-Block (anti-CD16/32,
eBioscience, San Diego, CA) and human cells were pretreated
with 10 mg/mL of beriglobin (CSL Behring, Marburg, Ger-
many) to reduce nonspecific staining. Monoclonal antibodies
to the mouse or human antigens were conjugated to fluorescein
isothiocyanate, phycoerythrin (PE), PerCP-Cy5.5, allophyco-
cyanin (APC), AlexaFluor 488, Alexa Fluor 647, Brillant Violet
510 or Brillant Violet 421. Antibodies anti- mCD3 (145-2C11),
NK1.1 (PK-136), mCD8 (53-6.7), mCD44 (IM7), hCD3
(UCHT1), hEGFR (AY13) and hGrzmB (6B11) were obtained
from Biolegend (San Diego, CA). Anti-hCD137 (4B4-1) and
CD107a (H4A3) were purchased from Pharmigen.
Anti-hCD56 (NCAM16.2), hCD16 (3G8), Active Caspase 3
(C92-605), and pSTAT-5 (pY694) were obtained from BD. The
antibody anti-BclXL (7B2.5) was purchased from Southern Bio-
tech (Birmingham, AL) and the anti-IL15Ra is from R&D. SR-
B1 staining was done with the polyclonal anti-SR-B1 antibody
NB400-113 from Novus Biologicals (Littleton, CO) and an
anti-Rabbit secondary antibody from Biolegend. Intracellular
staining was performed with the BD Cytofix/CytopermTM solu-
tion or BD Cytofix and BD Perm Buffer III respectively, follow-
ing the manufacturer’s protocol. A FACSCanto II cytometer
was used for cell acquisition, and data analysis was performed
using FACS DiVa (BD Biosciences) and FlowJo 7.2.1 (Tree Star
Inc., San Carlos, CA).

In vivo ADCC experiments

Rag2-/-gc-/- mice were grafted with freshly human PBMCs short
term in the peritoneal cavity with or without 20 mg of Sushi-
IL15-Apo. At the same time, HT-29 cells prestained with CFSE
were also injected into the peritoneal cavity in a ratio 1:10
(tumor: PBMC). After 40h, 50 mg of cetuximab was adminis-
tered in the indicated groups, and 24 h later peritoneal lavages
were performed. 5mL of saline solution was injected i.p and the
lavage was recovered by gravity. The percentage of live HT-29
and NK cells was studied by flow cytometry, gating out murine
cells. Absolute numbers were calculated with Perfect-Count
Microspheres (Cytognos, Santander, Spain).

To set up a syngeneic tumor model, 2 £ 106 hEGFR-trans-
fected MC38 cells were subcutaneously administered to
Rag1¡/¡ mice. 10 days later, mice received 20 mg of a murine
anti-hEGFR mAb (528, Bioxcell) or an irrelevant mouse IgG.
At the same timepoint, mice received 1 mg of a plasmid coding
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for Sushi-IL15-Apo or for apolipoprotein A-I administered by
hydrodynamic injection to achieve expression in hepatocytes.
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