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NKTR-255 is a PEG conjugate of recombinant human IL-15 (rhIL-15) being examined as a potential cancer
immunotherapeutic. Since IL-15 responses can be mediated by trans or cis presentation via IL-15Rα or soluble IL-15/IL-
15Rα complexes, we investigated the role of IL-15Rα in driving NKTR-255 responses using defined naive and memory
OVA-specific CD8+ T cells (OT-I) and NK cells in mice. NKTR-255 induced a 2.5- and 2.0-fold expansion of CD8+ T and
NK cells, respectively, in WT mice. In adoptive transfer studies, proliferation of naive and memory WT OT-I T cells in
response to NKTR-255 was not impaired in IL-15Rα−/− mice, suggesting trans presentation was not utilized by NKTR-
255. Interestingly, naive IL-15Rα−/− OT-I cells had deficient responses to NKTR-255, while memory IL-15Rα−/− OT-I cell
responses were partially impaired, suggesting that naive CD8+ T cells are more dependent on cis presentation of NKTR-
255 than memory CD8+ T cells. In bone marrow chimera studies, IL-15Rα−/− and WT NK cells present in WT recipients
had similar responses to NKTR-255, suggesting that cis presentation is not utilized by NK cells. NKTR-255 could form
soluble complexes with IL-15Rα; binding to murine IL-15Rα generated superagonists that preferentially stimulated NK
cells, showing that conversion to IL-15Rβ agonist biases the response toward NK cells. These findings highlight the ability
of NKTR-255 to utilize IL-15Rα for cis presentation and act as […]

Research Article Oncology Therapeutics

Find the latest version:

https://jci.me/144365/pdf

http://www.jci.org
http://www.jci.org/131/19?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://doi.org/10.1172/JCI144365
http://www.jci.org/tags/51?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
http://www.jci.org/tags/33?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
http://www.jci.org/tags/39?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://jci.me/144365/pdf
https://jci.me/144365/pdf?utm_content=qrcode


The Journal of Clinical Investigation      R E S E A R C H  A R T I C L E

1

Introduction
IL-15 is a cytokine expressed in the steady state that has crucial 
functions in lymphocyte development and homeostasis. Specifi-
cally, in mice, IL-15 drives NK cell development and the genera-
tion of memory CD8+ T cells. Once memory CD8+ T cells differ-
entiate, IL-15 helps maintain memory CD8+ T cell numbers by 
promoting homeostatic proliferation (1, 2). IL-15 also maintains 
NK cell numbers by promoting survival (3). While these functions 
are mediated by constitutively expressed IL-15, IL-15 has addi-
tional functions when upregulated or when given exogenously. 
IL-15 promotes activation and proliferation of naive and memo-
ry CD8+ T cells in the absence of overt antigen stimulation and 
enhances IFN-γ and granzyme B production by effector CD8+ T 
cells and NK cells (4–7). Thus, the preferential stimulation of CD8+ 
T cells and NK cells by IL-15 makes it an attractive cytokine for 
use in cancer immunotherapy. Indeed, studies have demonstrat-
ed that exogenous systemic delivery of recombinant human IL-15 
(rhIL-15) enhances antitumor responses in a number of preclinical 
mouse models and in human trials (8). Furthermore, the antitu-
mor effects of IL-15 overlap with those of IL-2, as both cytokines 
signal through the shared IL-2/IL-15 receptor β (CD122) and the 

common γc (CD132) receptors. While IL-15 and IL-2 enhance the 
functions of CD8+ T cells and NK cells, IL-15 has an added advan-
tage over IL-2 in that it does not stimulate regulatory CD4+ T cells. 
However, IL-15 differs significantly from IL-2 in its very short in 
vivo half-life, thus limiting its efficacy (9).

Studies have provided evidence that rhIL-15 does not mimic 
endogenous IL-15, which contributes to its weak in vivo efficacy 
(10, 11). Additionally, there are multiple possible mechanisms by 
which IL-15 can stimulate responses in vivo. IL-15 is coexpressed 
with IL-15Rα, which binds intracellularly and is shuttled to the cell 
surface (10). Thus, IL-15Rα does not act as a conventional cytokine 
receptor, but rather as a chaperone protein. The coexpression of 
IL-15 and IL-15Rα along with the high affinity of IL-15Rα for IL-15 
(1.4 × 10−11 M) (12, 13) prevents unbound or free IL-15 from being 
expressed in physiological settings (11). Furthermore, IL-15Rα pro-
tein expression likely exceeds that of IL-15, as IL-15Rα is readily 
detected on a wide range of cell types, while cell-surface–associat-
ed IL-15 is difficult to detect (14). Cell-surface IL-15Rα/IL-15 com-
plexes are thought to stimulate opposing cells via a mechanism 
called trans presentation, which is believed to be the major mech-
anism driving lymphocyte development and homeostasis (15). Sol-
uble IL-15 (sIL-15)/IL-15Rα complexes are also found in the serum 
of normal mice and are increased by a variety of inflammatory 
stimuli (11, 16, 17). The presence of sIL-15 complexes is due to nat-
ural shedding as well as cleavage by cell-surface metalloproteases, 
which are activated by inflammatory signals (18). Patients subject-
ed to lymphodepleting chemotherapy also have elevated levels of 
sIL-15 complexes (11). Elevated levels of sIL-15 complexes correlate 
with enhanced IL-15 responses; however, the role of endogenously 
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better to NKTR-255 than NK cells in C57BL/6 mice, as demon-
strated by a 2.4-fold increase in the total numbers in the spleens 
of C57BL/6 mice and a corresponding 4.3-fold increase in BALB/c 
mice (Supplemental Figure 1, A and B). In contrast, the expansion 
of CD44hi CD8+ T cells in response to NKTR-255 was greater in 
C57BL/6 mice than in BALB/c mice (Supplemental Figure 1, A and 
B). CD122 expression among lymphocyte populations was not dif-
ferent between C57BL/6 and BALB/c mice (data not shown). The 
differences observed predict that NKTR-255 could mediate slight-
ly different responses in these 2 strains of mice, depending on the 
requirement for CD8+ T cells versus NK cells.

Since IL-15 promotes NK cell maturation (19), we examined 
the effects of NKTR-255 on this process. During NK cell devel-
opment, NK cell maturation can be divided into 3 stages in which 
cells transition from immature (CD11b−CD27+) to the mature stage 
1 (CD11b+CD27+) and finally the mature stage 2 (CD11b+CD27−). 
Compared with those in untreated mice, NK cells in NKTR-255–
treated mice had a decreased proportion of stage 1 mature cells 
and an increased frequency of stage 2 mature cells in both spleen 
and bone marrow (BM) (Figure 2, A and B). In the analysis of total 
cell numbers, NK cells in each stage increased in response to 
NKTR-255, with the most mature subset, the CD11b+CD27− popu-
lation, exhibiting the largest fold increase (Figure 2B).

NKTR-255 binds IL-15Rα and fails to induce a response in the 
absence of IL-15Rα expression. To determine whether NKTR-255 
binds to cell-surface IL-15Rα in vivo, we treated WT C57BL/6 mice 
with NKTR-255 and determined whether we could detect NKTR-
255 binding using CD11c+ splenocytes stained for human IL-15 
(hIL-15) using immunofluorescent staining. CD11chi splenocytes 
were analyzed, as they have been shown to express high levels of 
IL-15Rα and are a major cell type trans presenting IL-15 (14). We 
also utilized transgenic (Tg) mice expressing IL-15Rα under the 
CD11c promoter (CD11c–IL-15Rα Tg), which have been previous-
ly described (14). In WT mice, we could not detect a significant 
level of NKTR-255 binding by CD11chi splenocytes or on any other 
splenic myeloid cells, as detected by anti–hIL-15 Ab (Figure 3A). 
However, in NKTR-255–treated CD11c–IL-15Rα Tg mice, NKTR-
255 could be detected on CD11chi cells in a pattern mimicking Tg 
IL-15Rα expression (Figure 3A). Similar findings were observed 
with in vitro incubation of NKTR-255 with splenocytes isolated 
from CD11c–IL-15Rα Tg mice (Figure 3B). Furthermore, in vitro 
incubation with recombinant murine IL-15 (rmIL-15) could block 
binding of NKTR-255 (Figure 3B). Overall, these results indicated 
that NKTR-255 binds cell-surface IL-15Rα and thus has the poten-
tial to be trans presented.

To determine whether NKTR-255 responses are depen-
dent on IL-15Rα, IL-15Rα−/− mice were treated with NKTR-255, 
as described above, and changes in T cells and NK cells were 
assessed. The frequency and total number of NK cells, CD8+ T 
cells, and CD4+ T cells were unaffected by NKTR-255 treatment in 
IL-15Rα−/− mice (Figure 3C). These findings suggested that NKTR-
255 responses are dependent on IL-15Rα; however, a caveat of 
analyzing IL-15Rα−/− mice is their deficiency in IL-15–responding 
lymphocytes. This was addressed in later experiments.

Responses induced by NKTR-255 do not require trans presen-
tation. Previous studies provided evidence that IL-15 bound to 
IL-15Rα on the cell surface is trans presented to IL-15–responsive 

produced sIL-15 complexes is still not clearly established. Because 
IL-15–responsive cells, including CD8+ T cells and NK cells, express 
IL-15Rα (14), IL-15Rα also has the potential to deliver IL-15 to the 
IL-2/15Rβ/γc receptor on the same cell via cis presentation. While 
evidence suggests that cis presentation is not a major mechanism 
driving endogenous IL-15 responses, cis presentation could be 
active when free rhIL-15 is delivered therapeutically.

Although alternative rhIL-15–based agonists, including an 
Fc-fusion protein, have been developed to improve pharmacoki-
netic (PK) profiles, unexpectedly, they still show high rates of sys-
temic elimination (19). Polymer conjugation is a well-validated 
approach to altering and optimizing the biological properties of 
macromolecules. PEG chains can be designed to modify not only 
a molecule’s PK, but also its receptor-binding properties (20). 
Bempegaldesleukin (BEMPEG or NKTR-214) was designed to 
improve the half-life, PK, pharmacodynamics (PD), efficacy, and 
tolerability of IL-2 by using PEGylation technology. It is currently 
the most advanced IL-2 pathway–targeted agent in clinical devel-
opment for oncology, with multiple active registrational phase III 
studies (21). Nektar Therapeutics has engineered the PEG con-
jugate of rhIL-15, called NKTR-255, that was designed to exhibit 
sustained PD and enhanced in vivo efficacy with an improved PK 
profile over rhIL-15 (22). We sought to identify the mechanisms 
by which NKTR-255 mediates IL-15 responses and determine 
how they dictate cell-specific responses. Since rhIL-15 is biolog-
ically active in mice, we were able to dissect the cellular require-
ments of NKTR-255 for IL-15Rα.

Results
NKTR-255 induces expansion of CD8+ T cells and NK cells. To measure 
the extent to which NKTR-255 stimulates various lymphocyte sub-
sets, mice were treated with a single dose of NKTR-255 and the total 
numbers of NK, CD8+, and CD4+ cells were quantitated 5 days lat-
er. We chose to deliver only one dose and examine CD4+ and CD8+ 
cells and NK cells for a short time frame to visualize responses by 
treatment-naive lymphocytes and limit conversion to a more IL-15–
responsive subset. In response to NKTR-255, splenic NK cells sig-
nificantly increased in frequency and total NK cell numbers almost 
2-fold (Figure 1, A and B). CD4+ T cell frequencies and total num-
bers were not significantly affected by NKTR-255 treatment. The 
frequency of CD8+ T cells in the spleen increased from 10% to 16%, 
which constituted a 2.5-fold increase in total CD8+ T cells (Figure 
1, A and B). The increase in CD8+ T cells preferentially affected the 
CD44hi population (Figure 1, C and D). Among the CD44hi CD8+ 
T cells, the number of cells increased 4.5-fold in the CD62L+ sub-
set compared with 2.5-fold in the CD62L− subset (Figure 1E). The 
increases in CD8+ T cells and NK cells induced by NKTR-255 were 
due to a greater induction of proliferation, as BrdU incorporation 
increased among NK cells and CD44hi CD8+ T cells (Figure 1F).

To determine whether NKTR-255 responses were similar in 
C57BL/6 and BALB/c mice, age- and sex-matched mice from both 
backgrounds were treated with NKTR-255 and frequency and 
changes in lymphocyte populations were examined. In untreat-
ed mice, the frequency of NK cells was lower for C57BL/6 mice 
than BALB/c mice (Supplemental Figure 1, A and B; supplemental 
material available online with this article; https://doi.org/10.1172/
JCI144365DS1). Moreover, NK cells in BALB/c mice responded 
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had proliferated in response to NKTR-255 upregulated CD44 and 
maintained CD62L expression, demonstrating a conversion to a 
central memory phenotype (Figure 4A). Therefore, the conversion 
of naive T cells to CD62L+CD44hi CD8+ T cells contributed par-
tially to the increase in this subset following NKTR-255 treatment. 
Moreover, the extent of proliferation among OT-I T cells was sim-
ilar among spleen and peripheral lymph nodes (pLNs) and some-
what higher in BM (Figure 4C).

To investigate whether memory CD8+ T cell responses to 
NKTR-255 also lack a requirement for IL-15Rα by the recipient, 

cells in a cell–cell interaction (10, 22, 23). We determined whether 
NKTR-255 was similarly trans presented to IL-15–responsive cells 
in vivo. Naive OVA-specific CD8+ (OT-I) T cell receptor (TCR) 
Tg CD8+ T cells (RAG−/−, CD45.1) were labeled with CFSE and 
transferred into congenic WT or IL-15Rα−/− mice (CD45.2+), which 
was followed by treatment with NKTR-255. Naive T cells prolif-
erated in response to NKTR-255 in IL-15Rα−/− recipients as well 
as in WT recipients, suggesting IL-15Rα expression by host cells 
was not critical (Figure 4, A and B). In an analysis of phenotypic 
changes that occur with NKTR-255 treatment, naive T cells that 

Figure 1. NKTR-255 increases CD8+ T cells and NK cells. C57BL/6 mice (n = 3/group) were treated with NKTR-255 (0.03 mg/kg, i.p). Five days after treat-
ment, splenocytes were harvested and analyzed by flow cytometry. (A and B) Mean frequency and total numbers of CD8+ T cells, NK cells, and CD4+ T cells. 
(C) Average frequency of CD44hi CD8+ T cells. (D) CD62L and CD44 expression by CD8+ T cells. (E) Total numbers of CD62L+ and CD62L– CD44hi CD8+ T cells in 
spleens of PBS- and NKTR-255–treated mice. Numbers above bars indicate average fold increase in total cell numbers. (F) In separate experiments, NKTR-
255– and PBS-treated mice (n = 3–5/group) were given BrdU (2 mg, i.p.) every 2 days and analyzed 5 days later. Representative flow cytometry plots show 
BrdU incorporation by CD8+ T cells, NK cells, and CD4+ T cells. Error bars represent SD. Similar results were observed in at least 2 additional experiments.  
*P < 0.05; **P < 0.01, 2-tailed Student’s t test.
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vations with NKTR-255, established memory OT-I T cells did not 
respond to rhIL-15 in IL-15Rα−/− recipients, but did respond in WT 
recipients (Supplemental Figure 2, A and B), indicating that hIL-15 
was trans presented to memory CD8+ T cells similarly to mIL-15. 
Moreover, this suggested that the specific polymer conjugation of 
NKTR-255 alters its ability to be trans presented to memory CD8+ 
T cells. Overall, trans presentation of NKTR-255 was not required 
for naive or memory OT-I T cell responses.

Cis presentation of NKTR-255 is important for responses by CD8+ 
T cells, but not NK cells. We next investigated whether IL-15Rα 
expression by CD8+ T cells is important for NKTR-255 respons-
es. We compared responses of OT-I T cells on the WT back-
ground (CD45.1) to OT-I T cells bred to the IL-15Rα−/− background 
(CD45.1/CD45.2). WT and IL-15Rα−/− OT-I T cells were mixed at 
a 1:1 ratio, CFSE labeled, and transferred into congenic WT recip-
ient mice, followed by treatment with NKTR-255. WT OT-I T 
cells proliferated more extensively in response to NKTR-255 than 
IL-15Rα−/− OT-I T cells (Figure 5, A and B), suggesting that NKTR-

memory OT-I T cells were first generated by transferring naive 
CD8+ T cells into WT mice, followed by infection with vesicular 
stomatitis virus-expressing OVA (VSV-OVA). Then, at least 30 
days after infection, total CD8+ T cells containing memory OT-I 
T cells were enriched, CFSE labeled, transferred into WT and 
IL-15Rα−/− recipients, and treated with NKTR-255. Consistent with 
the effects observed with naive OT-I T cells, memory OT-I T cells 
proliferated in a similar manner in both WT and IL-15Rα−/− recip-
ients (Figure 4, D and E). Additionally, among the memory OT-I 
T cells, the proportion of CD62L+ and CD62L− subsets did not 
change with NKTR-255 treatment and the extent of proliferation 
by each subset in response to NKTR-255 was the same (Figure 4D). 
This finding suggested that, among an established antigen-specif-
ic memory CD8+ T cell population, the CD62L+ memory T cells 
did not preferentially increase compared with CD62L− memory T 
cells. Since NKTR-255 does not appear to utilize trans presentation 
as murine IL-15 (mIL-15) does, we determined whether rhIL-15 
was trans presented to memory CD8+ T cells. Unlike in our obser-

Figure 2. NKTR-255 increases the total number of NK cells at each 
stage of maturation with preferential increases in frequency of stage 2 
mature NK cells in spleen and BM. C57BL/6 mice (n = 3–4/group) were 
treated with NKTR-255 (0.03 mg/kg, i.p). Five days after treatment, 
splenocytes were harvested and analyzed by flow cytometry. (A) CD27 and 
CD11b expression by NK1.1+ cells in spleen and BM. (B) Mean frequency and 
total numbers of indicated NK cell subsets in spleen and BM. Numbers 
above bars indicate average fold increase in total cell numbers. Error 
bars represent SD. Similar results were observed in at least 2 additional 
experiments. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001, 2-tailed 
Student’s t test.
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CD8+ T cells proliferated in response to NKTR-255; however, WT 
memory CD8+ T cells consistently proliferated to a greater extent 
than IL-15Rα−/− memory CD8+ T cells (Figure 5, C and D). There-
fore, expression of IL-15Rα by memory CD8+ T cells was not abso-
lutely necessary for NKTR-255 responses, but made them more 
responsive to NKTR-255.

Our findings that IL-15Rα−/− memory CD8+ T cells respond to 
NKTR-255 in WT recipients and that IL-15Rα expression by the 
recipient is not required suggested that NKTR-255 should be able 
to induce responses in IL-15Rα−/− mice. One reason IL-15Rα−/− 
mice may not have responded to NKTR-255 is that these mice lack 
the lymphocyte subsets that are the most responsive to IL-15, for 
example, NK cells and memory phenotype CD8+ T cells, which 
express high levels of CD122 (23). To test this, we examined the 
response to NKTR-255 by established IL-15Rα−/− memory CD8+ T 
cells in IL-15Rα−/− recipients. This required that we first generate a 
population of IL-15Rα−/− memory CD8+ T cells in IL-15Rα−/− mice 

255 utilizes IL-15Rα expressed by naive CD8+ T cells, possibly 
through cis presentation. This requirement for IL-15Rα by naive 
CD8+ T cells was not observed upon treatment with rhIL-15/sIL-
15Rα-Fc complexes or multiple doses of rhIL-15, thereby validat-
ing that IL-15Rα−/− OT-I T cells were not defective in their general 
ability to respond to IL-15 (Figure 5, A and B, and Supplemental 
Figure 2, C and D). Furthermore, these findings demonstrated 
that NKTR-255 utilized mechanisms that were somewhat differ-
ent from those of rhIL-15 or sIL-15 complexes.

We also investigated the requirements for IL-15Rα by bona 
fide memory CD8+ T cells in response to NKTR-255. To establish 
memory CD8+ T cells, naive WT and IL-15Rα−/− OT-I T cells were 
transferred separately into a cohort of congenic WT mice followed 
by infection with VSV-OVA. At least 1 month later, CD8+ T cells 
(containing memory OT-I T cells) were enriched, CFSE labeled, 
transferred into a second cohort of congenic WT mice, and treated 
with NKTR-255. One week later, both WT and IL-15Rα−/− memory 

Figure 3. NKTR-255 requires IL-15Rα. (A) Cell-surface staining for hIL-15 by CD11chi cells in spleens of indicated mice treated with NKTR-255 one day 
earlier. (B) Splenocytes from untreated CD11c–IL-15Rα Tg mice were preincubated with NKTR-255 or rmIL-15 followed by staining for hIL-15. Histograms 
show hIL-15 staining after gating on CD11chi cells. (C) Frequency and total cell numbers of lymphocyte populations in spleens of IL-15Rα−/− mice treated 
5 days earlier with NKTR-255 (0.03 mg/kg, i.p.) or PBS. Error bars represent SD. n = 3/group. Similar results were observed in an additional experiment. 
untr, untreated; inc, incubation.
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Figure 4. Responses to NKTR-255 are not dependent on trans presentation by IL-15Rα. CFSE-labeled naive OT-I T cells (CD45.1+) were transferred into 
CD45.2+ WT or IL-15Rα−/− mice (n = 2–4/group). One day after transfer, mice were treated with NKTR-255 (0.03 mg/kg, i.p.). Seven days later, donor CD45.1+ 
T cells in spleens were analyzed by flow cytometry. (A) Representative CFSE intensity and CD44 and CD64L expression by donor T cells. (B) Average 
frequency of dividing cells ± SD (n = 3/group). (C) Representative CFSE dilution by naive OT-I T cells in spleen, pLNs, and BM after transfer into WT or 
IL-15Rα−/− recipients and treatment with NKTR-255 in a separate experiment from that in A. (D and E) CFSE-labeled CD8+ T cells containing memory OT-I 
T cells (CD45.1+) were transferred into CD45.2+ WT or IL-15Rα−/− mice. One day later, mice were treated with NKTR-255 (0.03 mg/kg i.p.). Seven days after 
treatment, CFSE dilution by CD45.1+ memory OT-I T cells in splenocytes was analyzed. (D) CFSE dilution by memory OT-I T cells (top row; bars indicate 
cells that have diluted CFSE), CD62L expression by memory OT-I T cells (middle row), CFSE dilution of CD62L− memory OT-I T cells (bold outline) overlaid 
with CD62L+ OT-I T cells (shaded, thin outline; bottom row). (E) Average frequency of dividing cells ± SD (n = 3/group). *P < 0.05, 2-tailed Student’s t test. 
Similar results were observed in at least 2 additional experiments. SP, spleen.
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by transferring IL-15Rα−/− naive OT-I T cells into IL-15Rα−/− recip-
ients followed by infection with VSV-OVA 1 day later. At least 30 
days after infection, an observable population of IL-15Rα−/− mem-
ory OT-I CD8+ T cells was present. Second, total CD8+ T cells 
(containing IL-15Rα−/− memory OT-I T cells) were isolated from 
this cohort, CFSE labeled, and transferred to either IL-15Rα−/− or 
WT mice and treated with NKTR-255. While IL-15Rα−/− memo-
ry CD8+ T cells responded to NKTR-255 in WT mice, they also 
responded to NKTR-255 in IL-15Rα−/− recipients (Figure 5E). 
Overall, these findings clearly showed that NKTR-255 responses 
can occur in the complete absence of IL-15Rα if IL-15–responsive 
lymphocytes are present.

To address whether NK cells require self-expression of IL-15Rα 
for responses to NKTR-255, BM chimeras were generated to allow 
the development of IL-15Rα−/− NK cells. In brief, 2 sets of BM chi-
meras were generated through the transfer of WT or IL-15Rα−/− 
BM cells (CD45.2+) into lethally irradiated, congenic WT recip-

ients. After the hematopoietic compartment was reconstituted, 
BM chimeras were treated with NKTR-255 in the presence of 
BrdU. One week later, BrdU incorporation by donor and host NK 
cells was analyzed as were changes in frequencies in lymphocyte 
populations. Although NK cells derived from IL-15Rα−/− BM were 
present at low frequencies, these cells still expanded in response 
to NKTR-255 (Supplemental Figure 3). Additionally, IL-15Rα−/− 
NK cells incorporated levels of BrdU in response to NKTR-255 
that were similar to those of NK cells derived from WT BM and 
residual, recipient WT NK cells that survived total body irradiation 
(Figure 6, A and B). Overall, these data suggest that expression of 
IL-15Rα by NK cells was not utilized for responses to NKTR-255.

sIL-15Rα inhibits NKTR-255 responses. There have been 
reports that sIL-15Rα is present in the serum of human patients, 
which can affect antitumor responses (18, 24). We also observed 
that free sIL-15Rα is present in the serum of normal untreated 
WT mice but not IL-15Rα−/− mice, as detected by ELISA (Figure 

Figure 5. IL-15Rα−/− CD8+ T cells have impaired responses to NKTR-255. CFSE-labeled naive WT (CD45.1+) and IL-15Rα−/− (CD45.1/CD45.2+) OT-I T cells 
(mixed at 1:1 ratio) were transferred into CD45.2+ WT mice (n = 3–4/group). Seven days after transfer, mice were treated with NKTR-255 (0.03 mg/kg, 
i.p.) or precomplexed rhIL-15/smIL-15Rα-Fc (0.5 μg/3 μg, i.p.). (A) Representative CFSE intensity. (B) Average frequency of dividing WT (CD45.1+) and 
IL-15Rα−/− (CD45.1/CD45.2+) OT-I T cells ± SD (n = 3-4/group) depicted in A. (C and D) CFSE-labeled CD8+ T cells containing WT or IL-15Rα−/− memory OT-I 
T cells (CD45.1+) were transferred into CD45.2+ WT or IL-15Rα−/− mice and treated with NKTR-255 (0.03 mg/kg i.p.) 1 day later. Seven days after treat-
ment, CFSE dilution in CD45.1+ memory OT-I T cells in splenocytes was analyzed. (C) CFSE dilution in CD45.1+ donor T cells. (D) Average frequency of 
dividing cells ± SD (n = 2–3/group). Similar results were observed in at least 2 additional experiments. (E) IL-15Rα−/− memory OT-I T cells were generated 
in IL-15Rα−/− mice after transfer and infection with VSV-OVA. At least 30 days later, CD8+ T cells were enriched, CFSE labeled, transferred into WT or 
IL-15Rα−/− recipients (~3–4 × 106 cells/mouse), and treated with NKTR-255 or PBS. Histograms show CFSE dilution in CD45.1+ CD8+ T cells (IL-15Rα−/− 
memory OT-I T cells) of NKTR-255–treated WT and IL-15Rα−/− recipients. Histogram overlay (dashed line) represents CFSE profile of cells in PBS-treated 
mice. *P < 0.05, 2-tailed Student’s t test.
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influence on responses to NKTR-255, while the presence of sIL-
15Rα had a profound inhibitory effect.

To determine whether memory CD8+ T cells are affected by 
excess sIL-15Rα, mice with established memory OT-I T cells were 
enriched for CD8+ T cells, which were CFSE labeled and trans-
ferred into WT mice and Villin–IL-15Rα Tg (WT) mice following 
treatment with NKTR-255. While most memory OT-I T cells had 
divided in both recipients, proliferation was slower in the Villin–
IL-15Rα Tg (WT) mice (Figure 7D). In these mice, NK cell expan-
sion was also inhibited in the presence of excess sIL-15Rα in the 
spleen and the BM, suggesting that NK cells were also suscepti-
ble to suppression by sIL-15Rα (Figure 7, E and F). Overall, excess 
sIL-15Rα impaired responses to NKTR-255 by the 3 major IL-15–
responsive lymphocyte populations.

NKTR-255 forms superagonists upon complexing with mIL-15Rα–
Fc, but is inhibited by binding to rhIL-15Rα–Fc. Since previous stud-
ies have shown that rhIL-15 binding to rmIL-15Rα–Fc generates 
IL-15 super agonists (27, 28), we investigated how mixing NKTR-
255 with rmIL-15Rα–Fc affects its in vivo activity. To examine 
this, endogenous IL-15Rα–dependent receptor-binding cytokines 
(NKTR-255 or rhIL-15) were incubated with rmIL-15Rα–Fc pri-
or to injection into WT mice; the same quantity of unassociated 
NKTR-255 or rhIL-15 (0.6 μg/mouse) was injected into 2 addi-
tional cohorts of WT mice. Changes in the frequency of CD8+ T 
cells, CD4+ T cells, and NK cells were examined in each treatment 
group. Additionally, prior to treatment, WT mice were adoptive-
ly transferred with CFSE-labeled naive OT-I T cells to serve as an 
additional indicator of CD8+ T cell proliferation. Preincubating 
NKTR-255 with rmIL-15Rα-Fc led to much greater expansion of 

7A). In untreated WT mice in this study, the levels of sIL-15Rα 
(~100–200 pg/ml) were higher than the levels of sIL-15/IL-15Rα 
complexes (~5–10 pg/ml) previously reported (25), indicating 
that sIL-15Rα is produced in excess of IL-15; similar findings 
have been observed with regard to cell-surface IL-15Rα and IL-15 
(14). In our prior studies, we generated Tg mice that had mIL-
15Rα driven by the Villin promoter, and this line was maintained 
on the IL-15Rα−/− background such that IL-15Rα was expressed 
only in the intestinal epithelium (26). These mice exhibited an 
immune phenotype that resembled that of IL-15Rα−/− mice, but 
with restored populations of IL-15–dependent intestinal intraep-
ithelial lymphocytes (26). In our present analyses, we found that 
these mice expressed high levels of sIL-15Rα in the serum (Figure 
7A). Since these mice lack cell-surface IL-15Rα in the secondary 
lymphoid tissues, we set out to determine whether sIL-15Rα in 
the absence of cell-surface IL-15Rα affected responses to NKTR-
255. In addition, Villin–IL-15Rα Tg mice backcrossed to the WT 
background were used to determine whether excess sIL-15Rα 
was inhibitory in the presence of cell-surface IL-15Rα; these mice 
also expressed elevated levels of sIL-15Rα in the serum com-
pared with WT mice (Figure 7A). To this end, CFSE-labeled naive 
OT-I T cells were transferred into IL-15Rα−/−, Villin-IL-15Rα Tg 
(IL-15Rα−/−), WT, and Villin-IL-15Rα Tg (WT) recipients, treat-
ed with NKTR-255, and analyzed as previously described. OT-I 
T cell responses to NKTR-255 were impaired in Villin–IL-15Rα 
Tg (IL-15Rα−/−) and Villin–IL-15Rα Tg (WT) mice compared with 
IL-15Rα−/− and WT recipients, respectively (Figure 7, B and C). 
Since the level of inhibition was similar in WT and IL-15Rα−/− 
backgrounds, this indicated that cell-surface IL-15Rα had little 

Figure 6. IL-15Rα−/− BM-derived NK cells incor-
porated levels of BrdU in response to NKTR-255 
similar to those of WT BM-derived NK cells. 
Established IL-15Rα−/− BM chimeras (IL-15Rα−/− BM 
into WT) or WT BM chimeras (WT BM into WT) 
were treated with NKTR-255 (0.03 mg/kg, i.p.). 
Both treated and untreated mice (n = 3/group) 
were given BrdU (2 mg, i.p.) every 2 days. Five days 
after NKTR-255 treatment, BrdU incorporation 
was analyzed in splenic NK cells by flow cytome-
try. (A) BrdU incorporation after gating on CD45.2+ 
donor-derived or CD45.1+ host-derived NK1.1+ cells. 
(B) BrdU incorporation ± SD. Similar results were 
observed in an additional experiment.
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NKTR-255, which was similar to that observed with IL-15Rα–inde-
pendent (precomplexed rhIL-15/IL-15Rα-Fc) cytokines (Figure 
8, B and C). Interestingly, while NKTR-255/rmIL-15Rα–Fc com-
plexes and rhIL-15/rmIL-15Rα–Fc complexes had a similar effect 
on the expansion of CD8+ T cells, NKTR-255/rmIL-15Rα–Fc was 

NK cells and CD44hi CD8+ T cells compared with unassociated 
NKTR-255 (Figure 8A). As previously shown, rhIL-15 (at this dose) 
had no effect on IL-15–responsive lymphocytes due to its very 
short in vivo half-life. Naive OT-I T cells also had an enhanced 
response to complexed NKTR-255 compared with unassociated 

Figure 7. smIL-15Rα inhibits responses by NKTR-255. (A) smIL-15Rα in the serum of untreated WT, IL-15Rα−/−, Villin–IL-15Rα Tg (IL-15Rα−/−), and Vil-
lin–IL-15Rα Tg (WT) mice, as determined by ELISA. (B) CFSE-labeled CD45.1+ OT-I T cells were transferred into CD45.2+ WT, IL-15Rα−/−, Villin–IL-15Rα Tg 
(IL-15Rα−/−), or Villin–IL-15Rα Tg (WT) mice (n = 3–4/group). One day after transfer, mice were treated with NKTR-255 (0.03 mg/kg, i.p.). Six days later, 
splenocytes were harvested. Histograms show CFSE dilution in CD45.1+ donor T cells. (C) Bar graph shows percentage dividing OT-I T cells in IL-15Rα−/−, Tg+ 
IL-15Rα−/−, WT, and Tg+ WT mice treated with NKTR-255. Bar graph shows mean ± SD. (D) Representative CFSE dilution of memory OT-I T cells in WT and 
Villin-Tg (WT) recipients. (E and F) Graphs show total numbers of NK cells in spleens (E) and BM (F) in WT and Villin Tg+ (WT) after treatment with NKTR-
255. Numbers above bars indicate relative fold increase in NKTR-255–treated over PBS-treated mice. *P < 0.05; **P <0.01; ***P < 0.001, 1-way ANOVA and 
2-tailed Student’s t test. Similar results were observed in at least 2 additional experiments.
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CFSE-labeled naive OT-I T cells. Since both rmIL-15Rα–Fc and 
rhIL-15Rα–Fc were engineered with the same Fc fragment, any 
differences observed were not due to differences in Fc binding. 
As before, NKTR-255 increased expansion of OT-I T cells, CD44hi 
CD8+ T cells, and NK cells (Figure 9). In contrast NKTR-255 com-
plexed with rhIL-15Rα-Fc had little effect on all 3 lymphocyte pop-
ulations (Figure 9). These findings demonstrated that rhIL-15Rα–
Fc antagonized NKTR-255 in a manner similar to that which has 
been observed with rhIL-15.

more potent than rhIL-15/rmIL-15Rα–Fc in stimulating NK cells 
(Figure 8A). This result indicated that converting NKTR-255 from 
an IL-15Rαβ agonist to an IL-15Rβ agonist may skew the response 
toward NK cells.

Previous studies have reported that rhIL-15Rα–Fc is antag-
onistic to rhIL-15 while rmIL-15Rα–Fc is agonistic in vitro (18, 
27, 28). To determine whether rhIL-15Rα–Fc is antagonistic or 
agonistic for NKTR-255, uncomplexed NKTR-255 or NKTR-255 
precomplexed with rhIL-15Rα–Fc was given to mice containing 

Figure 8. NKTR-255 and rhIL-15 form agonistic complexes with rmIL-15Rα-Fc. WT mice containing CFSE-labeled naive OT-I T cells (CD45.1+) were treated 
i.p. with NKTR-255 (0.6 μg), precomplexed NKTR-255/mIL-15Rα-Fc (0.6 μg/3.6 μg), rhIL-15 (0.6 μg), or precomplexed rhIL-15/mIL-15Rα-Fc (0.6 μg/3.6 μg). 
NKTR-255 and rhIL-15 were mixed with mIL-15Rα-Fc 30 minutes prior to injection. Mice were analyzed 7 days later. (A) Average frequency of NK cells and 
CD44hi CD8+ T cells in spleens (top row) and total numbers of the indicated lymphocyte populations in spleens (bottom row). (B) Representative CFSE 
dilution of CD45.1+ OT-I T cells. (C) Average frequency of dividing OT-I T cells and total numbers of OT-I T cells in spleens of treated mice (n = 3 mice/group). 
Error bars represent SD. *P < 0.05, 1-way ANOVA and 2-tailed Student’s t test. Similar results were observed in at least 2 additional experiments.
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While we originally hypothesized that NKTR-255 would employ 
trans presentation as a mechanism similar to that of IL-15, we dis-
covered that IL-15Rα expression by opposing cells was irrelevant 
to NKTR-255 activity, indicating that NKTR-255 acts in a differ-
ent manner than either rhIL-15 or endogenously expressed IL-15. 
However, since NKTR-255 responses were absent in IL-15Rα−/− 
mice and we could observe NKTR-255 binding to IL-15Rα, the 
presence of IL-15Rα was also likely important. This suggested that 
NKTR-255 was either cis presented or formed complexes with sIL-
15Rα to generate IL-15Rα–dependent cytokines. Cis presentation 
is a mechanism whereby NKTR-255 binds IL-15Rα expressed by 
lymphocytes that facilitates binding to an adjacent IL-2/IL-15RβγC 
complex. Indeed, we found evidence that NKTR-255 uses cis pre-
sentation and forms complexes with sIL-15Rα.

By examining defined lymphocyte populations that lacked 
IL-15Rα, we found that responses to NKTR-255 by IL-15Rα−/− 
naive or memory CD8+ T cells were impaired. The responses to 
NKTR-255 by IL-15Rα−/− memory CD8+ T cells were not complete-
ly abrogated, demonstrating that NKTR-255 had some affinity 
for the IL-2/IL-15RβγC complex. Overall, memory CD8+ T cells 
were less dependent on IL-15Rα than naive CD8+ T cells, which 
correlated with their increased IL-2/IL-15Rβ expression (23). 

Discussion
There have been numerous attempts to generate IL-15 agonists 
with an increased in vivo half-life and/or increased potency. Pre-
vious attempts have mostly combined IL-15 with a soluble version 
of IL-15Rα (8). These agents act as IL-2/IL-15β chain agonists 
independently of cellular expression of either IL-2Rα or IL-15Rα. 
Therefore, sIL-15 complexes preferentially stimulate lympho-
cytes with the highest expression of IL-2/IL-15Rβ, including NK 
cells, memory phenotype CD8+ T cells, and to a lesser extent, 
naive CD8+ T cells. Such cellular targeting is designed to enhance 
antitumor responses, as these cell types are integral in mediating 
tumor-specific killing. In developing NKTR-255, Nektar utilized 
polymer conjugation to generate an IL-15R agonist with enhanced 
in vivo PK compared with native IL-15 (29). Polymer conjugation 
produces an IL-15R agonist with an increased in vivo half-life that 
induces responses similar to those of sIL-15 complexes at a frac-
tion of the dose and with no overt toxicities (22). In our study, we 
show that, in addition to having beneficial in vivo pharmacokinet-
ics, NKTR-255 also possesses unique mechanisms of action.

Because IL-15Rα has a very high affinity for IL-15 and is 
expressed by CD8+ T cells and NK cells, it was integral to our 
studies to elucidate the role of IL-15Rα on NKTR-255 responses. 

Figure 9. NKTR-255 forms antagonist complexes with rhIL-15Rα-Fc. Naive OT-I T cells (CD45.1+) were CFSE labeled and transferred into CD45.2+ WT mice 
(n = 3–6 mice/group). One day later, mice were treated i.p. with either NKTR-255 (0.6 μg) or precomplexed NKTR-255/rhIL-15Rα-Fc (0.6 μg/3.6 μg). Mice 
were analyzed 7 days later. (A) Representative CFSE dilution of OT-I T cells. (B and C) Average frequency and total number of CD44hiCD8+ T cells and NK 
cells in spleens. Error bars represent SD. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001, 1-way ANOVA and 2-tailed Student’s t test.
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ining NKTR-255 responses in mice are likely relevant to patients, as 
human lymphocytes have a similar hierarchy of IL-15 responsive-
ness among NK cells and CD8+ T cells. An exception pertains to 
CD4+ T cells, where human CD4+ T cells are somewhat responsive 
to IL-15 while mouse CD4+ T cells are poorly responsive. There-
fore, human CD4+ T cells should respond to NKTR-255, albeit still 
to a lesser extent than CD8+ T cells. Our ability to visualize effects 
of NKTR-255 on purified CD8+ T cell populations and perform fate 
analysis highlighted one advantage of using mouse models. Stud-
ies that rely solely on examining changes in bulk lymphocyte popu-
lations cannot determine how alterations in cell phenotypes affect 
the readout in changing lymphocyte populations.

This study elucidates unique attributes of NKTR-255, includ-
ing its associated mechanisms of action and the impact of poly-
mer conjugation of IL-15. For CD8+ T cells, NKTR-255 acts as an 
IL-15Rαβ agonist, demonstrating agonistic activity that translates 
to a wider activation of CD8+ T cells and skewing responses more 
heavily toward memory CD8+ T cells compared with IL-15Rβ 
agonists, as these cells express high levels of both IL-15Rα and 
IL-15Rβ. NKTR-255 is unique among other IL-15 agonists current-
ly under clinical investigation that induce potent NK cell respons-
es (36, 37). Interestingly, even though treatment with NKTR-255 
leads to a greater increase in CD62L+CD44hi CD8+ T cells than 
CD62L−CD44hi CD8+ T cells, a similar increase is not observed 
with established antigen-specific memory CD8+ T cells. Based 
on this finding, we conclude that the conversion of naive CD8+ 
T cells to CD62L+CD44hi CD8+ T cells in response to NKTR-255 
stimulation contributes in part to the observed increase in this 
cell population. Finally, we provide evidence that NKTR-255, like 
rhIL-15, is subject to potential inhibition by sIL-15Rα. Therefore, 
in addition to recommending prescreening of patients for levels 
of sIL-15Rα prior to administering NKTR-255, further studies are 
recommended to provide a better understanding of the regulation 
of NKTR-255 by sIL-15Rα. Alternatively, treatment with rhIL-
15Rα could be used as a strategy to stifle an exaggerated response 
to NKTR-255. Overall, these findings highlight the potential of 
NKTR-255 to modify IL-15Rα dependency, provide differentiated 
mechanisms of action on CD8+ T cells and NK cells, and provide 
unique therapeutic benefits.

Methods
Mice. Female WT C57BL/6, CD45.1+ C57BL/6, and BALB/c mice 
were purchased from the Charles River through the NCI program. 
IL-15Rα−/− mice (38) were originally generated and obtained by Averil 
Ma (Department of Medicine, UCSF, San Francisco, California, USA) 
through Leo Lefrancois (Department of Immunology, University of 
Connecticut, Farmington, Connecticut, USA) and backcrossed to the 
C57BL/6 line. Villin–IL-15Rα Tg mice (IL-15Rα−/−) (26) were back-
crossed to the C57BL/6 background. CD45.1+ OT-I TCR Tg mice on 
the RAG−/− background were originally provided by Leo Lefrancois 
or James P. Allison (University of Texas MD Anderson Cancer Cen-
ter) and bred in house. OT-I TCR Tg mice were also crossed to the 
IL-15Rα−/− background and maintained as RAG−/− CD45.1+CD45.2+. 
All Tg and gene-deficient mice were completely backcrossed to the 
C57BL/6 background (at least 10 times). All mice were maintained 
under specific pathogen–free conditions at the University of Texas MD 
Anderson Cancer Center.

Interestingly, expression of IL-15Rα by NK cells was not required 
for responses to NKTR-255. Therefore, NKTR-255 acted as an 
IL-15Rαβ agonist on CD8+ T cells, unlike sIL-15 complexes that act 
solely as IL-15Rβ agonists. We suspect that NKTR-255 acted as an 
IL-15Rβ agonist on NK cells because NK cells express higher lev-
els of IL-15Rβ and lower levels of IL-15Rα than memory CD8+ T 
cells. Memory CD8+ T cells also express higher levels of IL-15Rβ 
than naive CD8+ T cells (26) and are less dependent on IL-15Rα 
for NKTR-255 responses. Together, these findings demonstrate 
that IL-15Rβ expression inversely correlates with its dependence 
on IL-15Rα expression. This attribute provided an explanation for 
why NKTR-255 was stimulatory at such low doses and why memo-
ry CD8+ T cell responses were more robust than those of NK cells. 
This appeared to contrast with sIL-15 complexes (i.e., IL-2/IL-15β 
chain agonist molecules) that more potently stimulate NK cells 
over CD8+ T cells (30).

We also investigated whether NKTR-255 formed soluble com-
plexes with sIL-15Rα and whether these complexes were stim-
ulatory or inhibitory. We utilized mice that lacked cell-surface 
IL-15Rα in the systemic lymphoid tissues, but had marked levels 
of sIL-15Rα. We found that mice with excess sIL-15Rα did not have 
enhanced responses to NKTR-255, but rather exhibited impaired 
responses. Our findings were in line with previous studies showing 
recombinant murine sIL-15Rα (containing no Fc) inhibits colla-
gen-induced arthritis, delayed hypersensitivity, allergic-specific T 
cells, and allogenic and inflammatory responses (31–34). The high 
levels of sIL-15Rα present systemically in our mouse model may 
not reflect a physiological situation; however, it is possible that a 
specific tissue and tumor type may produce significant quantities 
in the local environment. While there is little information regard-
ing the expression levels of sIL-15Rα or its regulation, there are 
reports that patients with head and neck tumors express increased 
levels of sIL-15Rα, where increased levels of sIL-15Rα correlated 
to poor clinical outcomes (24). We were unable to explain why the 
binding of NKTR-255 to sIL-15Rα was inhibitory and did not form 
agonistic complexes, when forming complexes prior to injection 
led to more robust responses. We suspect that the endogenously 
produced sIL-15Rα, when present in excess, competed with the 
cell-surface IL-15Rα expressed by the responding lymphocytes 
and the complexed NKTR-255/IL-15Rα.

We found it interesting that NKTR-255 formed a superagonist 
with rmIL-15Rα–Fc, but was antagonized by rhIL-15Rα–Fc. Since 
such antagonistic behavior was previously observed with rhIL-
15 (18, 27, 28), the antagonism by rhIL-15Rα–Fc did not appear to 
be a unique attribute of NKTR-255 when compared with rhIL-15, 
and thus this property of rhIL-15 was not altered by the PEGyla-
tion approach employed for NKTR-255. Using different IL-15Rα 
mutants, Bouchaud et al. (35) made the observation that the antag-
onist properties of rhIL-15Rα were due to a 13–amino acid peptide 
region adjacent to the cytokine-binding domain that created a ste-
ric constraint impeding the binding of sIL-15Rα–IL-15 complexes to 
membrane-anchored IL-15Rαβγ. More importantly, the ability for 
soluble rhIL-15Rα to inhibit IL-15 and NKTR-255 suggested that 
the expression level of endogenous sIL-15Rα in patients may poten-
tially affect responses to NKTR-255. Hence, further investigations 
examining human lymphocyte responses to NKTR-255 are war-
ranted to validate our findings in mice. Overall, our findings exam-
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cells were resuspended in PBS and injected i.v. into CD45.2+ recipient 
mice (~1 × 106 OT-I T cells/mouse). One day after transfer, recipient 
mice were administered 1 dose of NKTR-255 at a concentration of 
0.03 mg/kg or 0.6 μg/mouse in 200 μL of PBS i.p. Between 5 and 7 
days after NKTR-255 injection, lymphocytes in the spleen were ana-
lyzed for the presence of OT-I donor cells (CD45.1+) and CFSE dilu-
tion. For combination experiments, spleen and LN cells from CD45.1+ 
WT and CD45.1+CD45.2+ IL-15Rα−/− OT-I mice were mixed at a 1:1 
ratio, CSFE labeled, and adoptively transferred into CD45.2+ recip-
ient mice. One day after transfer, recipient mice were administered 
1 dose of NKTR-255 (0.03 mg/kg, i.p.). Around 1 week later, after 
treatment with NKTR-255, CFSE dilution of donor cells in pLNs and 
spleens was analyzed.

To generate memory CD8+ T cells, CD45.1+ WT or IL-15Rα−/− OT-I 
TCR Tg T cells were adoptively transferred (i.v.) into C57BL/6 mice and 
infected with VSV-OVA (Indiana serotype) 1 day later. Thirty-five days 
after infection, spleen cells were negatively enriched (yielding ~ 85% 
CD8α+ T cell purity) using the Dynal CD8 Enrichment Kit (Invitrogen), 
CFSE labeled, and injected i.v. into CD45.2+ WT or IL-15Rα−/− recipi-
ents (between 4 and 6 × 106 CD8+ T cells/mouse). Memory OT-I T cells 
made up approximately 10% of the CD8+ T cells. Recipient mice were 
administered 1 dose of NKTR-255 (0.03 mg/kg, i.p.) 1 day after transfer 
and analyzed for the presence of CD45.1+ OT-I donor cells and CFSE 
dilution 1 week later.

Statistics. Graphical presentation and statistical analysis of the 
data were performed using GraphPad Prism, version 7 (GraphPad 
Software) or Microsoft Excel 2010. Data are represented as mean 
± SD. Results between experimental groups were compared using 
2-tailed Student’s t test and 1-way ANOVA. P < 0.05 was considered 
statistically significant. Statistical significance is shown as follows:  
*P < 0. 05; **P < 0. 01; ***P < 0. 001; ****P < 0. 00001.

Study approval. All animal procedures were conducted on mice 
between 6 and 10 weeks of age in accordance with the animal care and 
use protocols (00000851-RN02) approved by the IACUC at the Uni-
versity of Texas MD Anderson Cancer Center. The animal facility was 
fully accredited by the Association of Assessment and Accreditation of 
Laboratory Animal Care International.
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Generation of BM chimeras. BM cells were obtained from the tib-
ia and femurs of IL-15Rα−/− (CD45.2+) and WT (CD45.2+) mice and 
depleted of T cells as previously described (39). WT (CD45.1+) recipi-
ents were irradiated with 10 Gy and injected i.v. with 5 × 106 BM cells. 
BM reconstitution was confirmed 12 weeks later by analysis of BM- 
derived cells (CD45.2+) in the peripheral blood.

Treatment with NKTR-255 and sIL-15 complexes. NKTR-255 was 
provided by Nektar Therapeutics. Mice were administered NKTR-255 
at a concentration of 0.03 mg/kg in 200 μL of PBS via i.p. injection.

The rhIL-15 was provided by Nektar Therapeutics, while rmIL-15 
was purchased from PeproTech. Mice were administered 4 doses of 
rhIL-15 (5 μg) in 200 μL of PBS by i.p. injection every 2 days. rmIL-
15Rα–Fc and rhIL-15Rα–Fc were purchased from R&D Systems. Mice 
were administered precomplexed rhIL-15/sIL-15Rα–Fc (0.5 μg/3 μg) in 
200 μL of PBS i.p.

Lymphocyte isolation and flow cytometry. Spleens and LNs were 
homogenized in HBSS containing Hepes, l-glutamine, penicillin/
streptomycin, and gentamicin sulfate (HGPG) (HBSS/HGPG) using 
frosted slides. RBCs were lysed with Tris-ammonium chloride. All 
cells were filtered through a 70 μm nitex membrane before staining. 
For flow cytometric analysis, cells were stained in 1× PBS containing 
0.2% BSA and 0.1% NaN3 with appropriately diluted Abs at 4°C for 
at least 20 minutes. The following mAbs were purchased from BD 
Biosciences, eBioscience, BioLegend, or Tonbo Biosciences: CD45.1 
(clone A20, BioLegend), CD45.2 (clone 104, BD), CD4 (GK1.5, Ton-
bo), CD8α (clone 53-6.7, Tonbo), CD44 (clone IM7, BD), CD62L 
(clone MEL-14, BioLegend), NK1.1 (clone PK136, BD), NKp46 (clone 
29A1.4, BD), and CD11c (clone HL-3, BioLegend). To measure BrdU 
incorporation, mice were treated with 1 dose of NKTR-255 (0.03 
mg/kg i.p.) or PBS followed by i.p. administration of BrdU (2 mg; 
Sigma-Aldrich). Administration of BrdU was repeated every 2 days. 
BrdU incorporation was detected by staining using the BrdU Flow Kit 
(catalog 559619) according to the manufacturer’s instructions (BD 
Biosciences) following cell-surface staining. Flow cytometric data 
were acquired using LSR Fortessa (BD Biosciences) and analyzed 
with FlowJo software, version 10.

For detection of cell-surface binding of NKTR-255, WT, IL-15Rα−/−, 
and CD11c-IL-15Rα Tg mice were sacrificed 24 hours after treatment 
with NKTR-225 (0.3 mg/kg, i.p.) or no treatment. Single-cell suspen-
sions were incubated with APC-conjugated anti–hIL-15 Abs (catalog 
IC2471A, R&D Systems) for 15 minutes, washed, and then stained for 
additional cell-surface markers as previously described. For detec-
tion of NKTR-255 binding in vitro, isolated splenocytes from untreat-
ed mice were incubated with NKTR-255 or rmIL-15 for 15 minutes, 
washed, and stained with APC-conjugated anti–hIL-15 Ab followed by 
cell-surface staining as before.

Detection of sIL-15Rα. ELISAs specific for murine sIL-15Rα (R&D 
Systems) were performed according to the manufacturer’s recom-
mendations. For serum isolation, peripheral blood was collected 
from sacrificed mice via cardiac puncture and occasionally from 
the retro-orbital cavity. Blood was allowed to clot and centrifuged 
to separate serum.

Adoptive transfer. LNs from CD45.1+ OT-I TCR Tg mice (RAG−/−) 
were homogenized in HBSS/HGPG-yielding cells that included more 
than 95% TCRVα2+CD8α+ T cells. LN cells were incubated for 9 min-
utes at 37°C with CFSE (8 μM; Molecular Probes), and the reaction 
was squelched with HBSS supplemented with 5% FCS. CFSE-labeled 
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