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I -15/1L-15 Receptor alpha treatment regimens and use with

therapeutic vaccines

CROSS-REFERENCE TO RELATED APPLICATIONS
[3601] This application claims prionty benefit of U.S. Provisional Application No.

62/362 223, filed July 14, 2016, which is herein incorporated by reference for all purposes.

REFERENCE TO A "SEQUENCE LISTING" SUBMITTED AS AN ASCH TEXT FILE
16602] The Sequence Listing written in file 077867-628100P(C-
1051885 Sequencelisting.txt created on June 30, 2017, 48,643 bytes, machine format IBM-
PC, MS-Windows operating system, m accordance with 37 CF R, §§ 1.821-to 1.825,1s

hereby meorporated by reference in its entivety for all purposes.

BACKGROUND OF THE INVENTION
106637 IL-15 plays a pivotal role in modulating the activity of both the innate and adaptive
immune system, e.g., expansion and maintenance of the memory T-cell response to invading

pathogens, and mduction of natural killer ("NK”) cell proliferation and cvtotoxic activity.

[8604] The IL-15 receptor consists of two polypeptides, the TL-2/IL-15 receptor beta (B} (or
CD122}, and the gamma chain () {or CD132} that is shared by multiple cviokine recepiors.
IL-15 signaling has been shown to occur through the heterodimeric complex of TL-15RJ and
IL-15Ry. A third polypeptide chain binds to 1L-15 and was also considered as part of the 1L~
15 Receptor. Despite existing theories suggesting that HL-15R alpba (referred to herein as IL-
1SR or IL-15Ra)} is a receptor for IL-15, an altemative mterpretation of the exasting data is
that IL-15Ro 1s not a receptor for the IL-15 polypeptide chain. IL-15Ro has evolved very
high affinity for HL-15 and is always coexpressed with IL-13 in the same cell. The two
molecules form heterodimeric complexes 1n the endoplasmic reticulum and are transported to
the plasma membrane. See, e.g., Bergamaschi J Biol Chem 283:4189-4199, 2008. This
heterodimeric complex can bind to the IL-2/1L-15Bv receptor and activate the cells via the
Jak/Stat pathway. Therefore, based upon this mterpretation of the data, the {L-15R¢ and the

soluble form slL-15Rq are part of the cytokine and not part of the receptor.
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[0605} Heterodimeric H.-15 (hetlL-15) in which HL-15 15 complexed with 1L~-15Re 15 the
form of IL-15 found i the circulation and m human cells. Endogenous hetll-15 s found in
twe forms, as a membranc-bound form that is expressed by antigen presenting and stroma
cells in various tissues; and as a sohible extracellular complex of 1L-15 bound to the soluble
IE-15 receptor alpha (1L-13Ra), which 1s produced by cleavage of the membrane-anchored
IL-15Ra by cellular proteases. Although 1L-15 mRNA has been reported in cells of both
hematopoictic and nonhematopoictic lineage, T cells do not produce 1L-15. Iostead, 1L-15
heterodimers released from the cell surface after cleavage of the membrane-bound

heterodimers bind to the IL-15 Py receptor on lymphocytes.

[6605] Based on its multifaceted role m the immune systom, various therapies designed to
modulate IL-15-mediated function have been explored. For example, the administration of
exogenous FL-15 can enhance the immaune function of patients infected with haman
immuncdeficiency vires (HIV). In keeping with its immune enhancing activity, mcreased
expression of endogenous f1.~15 13 observed i paticnts with autoimmune discases, ¢.g.,
rheumatoid arthritis, multiple sclerosts, ulcerative colitis, and psonasis. Because some
studies reported that the soluble form of the 1L-15Ru (s1L-15Ra) is an antagonist of 1L-15-
mediated signaling, the slL-15Ra has been explored for treating antoimmune mflanmmatory
diseases. Nevertheless, recent reports suggest that 11-15, when complexed with the sIL-15Ra,

o1 the sushi domain, maintains s immune enhancing function.

[6007] The present invention provides a further timprovement in dosing {L-15 in order to

avoid toxicity.

BRIEF SUMMARY OF SOME EMBODIMENTS OF THE DISCLOSURE

{6808} In one aspect, the methods described herein are based, in part, on the discovery of a
dose escalation regimen for adoumistering 1L.-15/HL-15Ra complexes that provides low
toxicity. Such regimens can be based on the estimation of consumption of hetlL-15 by
human fymphocyies, e g, using monitoring methods as disclosed herein. In some
embodiments, the 1L-15 and 11.-15Ra contained in the complexcs are non-covalently
associated. In some embodiments, the 1L-15 and {L-15Ra are covalently linked. Any form
of IL-15/1L-15Ra complex may be emploved, inchiding forms i which one or more of the II-
15 and 1L-15Ra has a mutation relative to the naturally occurning forms, complexes in which
the IL.-15Ra 15 in the form of a fusio protemn, complexcs that are modified, e.g., by

PEGvlation, or any other modification.
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[B80%]  In some aspects, the disclosure is based on the discovery of an unexpected effect
associated with the hetlE-15 regimens deacribed herein, namely, the induction of cytotoxic
cffector cells within the lymph nodes (LN} and especially the B cell follicles and the germinal
centers {GCs). Effective hetll-15 regimens mcelude, but are not limited to, one- and two-
week regimens of step-dosing {dose escalation during subsequent doses) where the dose of
hetIL-15 was increased with each subsequent dose. B cell areas within the LN are known to
be sanctuaries for HEV-infocted cells. Infected celis can be detected for many years during the

most active antiviral therapies.

10618} Further, 1o some aspects, the disclosure is based on the discoveries decnbed herein
that multiple high dose hetfL~-15 step evcles can be delivered in simian immunodeficiency
viras (8IV}- or stmianvhuman immunodeficiency virus (SHIV-infected macagoes with or
without combination antiretroviral treatment {ART) and that hetlL-15 treatment was well
tolerated, safe and cffective because it increased the cviotoxic lymphocyies, especially in

tissues and LN/GCs.

0611} In additional aspects, the disclosure 15 also based on the discovery that hetlL-15
regimens also increased preferentially virus-specific cyviotoxic lvmphocyies and imnduce these
Ivmphocytes to increase proliferation and cytotoxic ability measured for example by
Granzyme content. For example, a reliable measurement of hetlL-15 activity 1s the
proliteration of lvmphocytes and cspecially NK, CD8 cells as measured 1 different
compartments, e.g., by the proliferation marker Ki67. This can be measured after staining
with antibodies by (for example) flow cyvtometry or immunchistochemistry methods. Other
markers and methods measuring celi proliferatio can also be employed. As describe herein,
hetllL~15 regimens increased natural killer cells systemically and in lymph nodes and
mereases NE proliferation and cviotoxic ability measured, for example, by Granzyme

content.

[B812] The disclosure 1s also based, n part on the discovery that hetiL-15 1s not equally
distributed in the body as determined by i vivo measurements in an iHlustrative macagque
model at different anatomical locations after subcutancous (SC) administration of hethl~15.
The activity on lvmphocyies in vive can be measured conveniently and rehiably by
proliferation markers and also by measuring expansion of hetlL-15 dependent subsets such as
NK or effector CD8 cells. These measurements showed that betil-13 delivered SC does not
affect cqually some intemal anatomical sites such as the gut lvmphboid svstem and the

iniraperitoneal LNs, in fact, if takes much higher quantitics of cytokine to see some effects in

2
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these tissues. Lymphocytes i these anatomical locations are able to respond to hetllL-135,

because they respond normally when removed from the body and treated ex vivo,

[6613] The present disclosure also relates to aliemative delivery methods for hetfl-15. It
was demonstrated that intraperitoneal delivery of hetiL-15 increases the proliferation and
activation of lvmiphocytes in the gut, which can enhance the effects of hetlL-15 on intestinal
tumors and on HIV reservoirs located within the gut associated lymphoid tissue. This
strategy 1s important for both cancer and acquired immunodeficiency syndrome (AIDS)
mmmunotherapy approaches. An alternative or additional strategy 1s the intravenous delivery

of hetll-15 ander dose escalation procedures described below.

{0814} In a further aspect, the mvention relates to the discovery that hetfl-15 indoces
expression of chemokine CXCL13 {chemokine (U-X-C mouf) Ligand 13}, which can be
detected in the blood and the lymph nodes and results in decreasing the levels of surface-
detected CXCRS chemokine receptor [chemokine (C-X-C motif) receptor 5] on lymphocyies.
CXCLI3/CXCRS can thus be used as markers of hetlL-15 function and to monitor the effects
of hetlL-15 in lymphoid tissue, which is not easily accessible in humans. The CXCL13-
CXCRS chemokine axis plays a central vole in orgamizing both B-cell follicles and GCs.
CXCL13 has been proposed as a plasma biomarker of germinal center activity {Havenar-
Daughton PNAS 2016). CXCL13 can be used as a marker, eventhough its production may

be an indirect effect of hetil-15 administration # vive.

10815}  The effocts of hetll-15 may also be assessed using Ki67 as a marker and/or

combinations of markers, including CXCL13 and CCXCRS on the surface of celis.

{0816} In some aspects of the invention, hetfL-15 is used as a vaccine enhancer and used
together with therapeutic vaceination. Thus, hetlL-15 can be administered after therapeutic
vaccination to maximize immune response and deliver the immune response to areas of virus
reservoirs and sanctuaries. HetIL-15 regimens as a vaccine enhancer is able to activate and
multiply antigen-specific cytotoxic cells and also able to deliver cytotoxic cells in areas
where they encounter antigen {cancer sites, arcas of persistent infection such as lymph nodes
in HIV infected individuals). HetlL-13 regimens are synergistic to vaccine effects due to the
hettE-15 properties to affect GO cells through chemokine/cvtokine networks (example,
CXCRS/CXCLIS).

36177  In some embodiments, the invention thus provides use of hetIL-15 in conjanction

with therapeutic vaccination to maximize the immune responsg,
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[B818] In some embodiments, the invention provides methods of monitoring the effects of
hetlL-15 in lymphoid tissue. In some embodiments, the method comprises evaluating a
blood sample to determine the level of chemokine CXCL13 following hetlL-15
admunistration. In some embodiments, the method comprises detecting the level of CXCRS
5 chemokine recepior expressed on the surface of on lymphocvies, e.g., lvmphocytes obtamed
from a blood sample from a patient. In some embodiments, the method comprises evaluating

both CXCL13 levels in blood and the levels of CXCRS expressed on lymphocytes.

BRIEF DESCRIPTION OF THE DRAWINGS
1601%] Figure 1. Increase in frequency of Granzyme B+ CD8 T cells in both peripheral
10 blood mononuciear cells (PBMC) and LN after hetlf -15 treatment (3 days after the last 1L-15
mjection in a 2-week regimen). hetll-15 treatmoent triggers a cytotoxic commitioent

(increased Granzyme B) on CD8&+ T cells (including LN)

[3028] Figure 2. Increased T lvmphocyte proliferation rate (Ki67+ T celis) in both rectal

and vaginal mucosa. Biopsies were obtained before hetlL-13 treatment and at necropsy of the

[V,
(]

animals {three days afier the last macague hetlL-15 injection). The samples were processed
fresh, digested with collagenase and DNase 1 for one hour at 37°C. Single cell suspensions
were obtained by filtering the digested samples through 100 pim cell-strainer, and the
lvmphocyies were stained with a pancl of antibodies mcluding CD3, CD4, CDE, CDY5,

CD28, CD25, CB127, v/i8 TCR, FoxP3, Granzyme B and K167,

20 [8021] Figure 3. Changes in the frequency of CD8+ T cells with effector phenotype
{(CD93+CD28Iow) in PBMC and LN before and after human hettl-15 treatmuent (Jow dose
escalation with 2, 4, 8, 16, 32 and 64 pg/Kg of hetlL-15). Data from 15 additional animals

are summarized in Figure 4.

(0622} Figure 4. Comparison of the percentage of CD8+ T cells with effector phenotype
25 (CDY5+CD28"Y) in both peripheral blood and LN before and after hetIL-15 treatment. Data
from 16 macaques. 12 of the animals received low dose escalation (2, 4, 8, 16, 32 and 64
pg/Kg hetlL-15, studies F31a, F31b, F31¢, F31d, F31fand F3ig); 2 animals received high
dose escalation (5, 10, 20, 40, 80, 120 pg/Kg) and two animals received 6 injections with

high dose hetlL-15 30pg/Kg).

30 [8023] Figure 5. Frequency of proliferating central memory (CM} CD8+
(CD3+CDY+CDO5+CD28 K 67+) and effector memory (EM) CD&+

(]



.4

10

15

30

WO 2018/013855 PCT/US2017/042002

(CD3+CDEHCDYSHCD8Y Ki67+) in lymph nodes before and after TL-15 treatment, hetTL-

15 treatment increases the proliferation rate of CB 3+ memory T cclls within the LN,

[6624] Figwre 6. hetfL-15 treatment results i ncreased frequency of NK cells in
peripheral blood and within the LN. This increase is driven by proliferation. Left panel:
Percentage of NK cells {CD16+ or GranzvmeB+CD3-) within vimph nodes and PBMC
samples before and after hetlL-15 treatment. Right pancl: Frequency of proliferating NK

cells in the same samples.

{6625}  Figure 7. IL-15 treatment increases antibody~dependent cell-mediated cytotoxicity
{ADCC) mediated by NK cells. In vitro ADCC assay was performed using as targets the
CFSE labeled CEM NKr cell line coated with SIV gp120. Effector cells were human PBMC
samples (untreated or treated with homan IL-15 at 20ag/mi for 24 hours) and the source of
antihodies was plasma from macague M387 (a macaque vaccinated with DNA+protein co-
immunization, studv AUP417, group 2), that was an elite controller upon SIV mfection). The
effector to target ratio was 10:1 and the killing assay was performed for 90 minutes at 37°C.

Dead cells were identified by PI staining,

18026] Figure 8. Frequency of Trogs (CD3+CD4+CD25+) as a percentage of the total
CD3+ T cell population is shown in both LN and PBMC before and after 1L-15 treatment.

hetlL-15 treatment, in contrast to 1L-2, does not increase the frequency of Tregs.

106277 Figure 9. hetlL-15 treatment does not affect the rate of B lymphocyte proliferation.
The rate of proliferation {K167+} is shown for B lymphocyies (CD20+) 1o both vraph nodes

and PBMC before and afier 11-15 treatment.

[6028] Figure 10, hetll-15 Increases PII-1 expression on CDE cells in the LN, PD-1
expression data in LN lymphocytes from the 12 macaques included in F31a, b, ¢, d, fand g.

% PD-1 positive cells within CD4, CDE and Double Negative (DN} subpopulations.

(66291 Figure 11, hetil-~15 treatment induces a sigmficantly higher presence of EM CD38+
T lymphocytes and cytotoxic T cells within the lymph nodes than SIV mfection. Frequency
of EM CD8+ T celis, Granzyme B+ CD2&+ and CD4+ T cells within the lvmph nodes of 8
vaccinated macaques (uninfected animals from the AUP490 study), 9 animals infected with
SIVsmEo660 (AUP417 study) and 12 animals treated with high dose hetll-15. Samples from

the infected macagues were taken 40 weeks after infection.

16033] Figure 12, hetiL-15 treatment increases SIV-specitic T cells within the lymph

nodes. Freguency of SIV-specific cells {CM9 Tetramer+ CD8+ T cells) within the aullary
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LN obtained before {feft panel} or after hetfL-15 treatment (3 days afler the last injection,
right pancl). Animal was treated with human hetll-15 dose escalation protocol {six doses SC

over 2 weeks, days 1,3,5, 8,10, 12 at 2, 4, 8, 16, 32 and 64 ug/Kg of hetll-15, respectively).

{0831} Figure 13, Increased frequency of CM9-Tetramer+ (Gag specific) CD8 T cells

.4

within the ymph nodes (left panels}. The antigen-specific CDS+ T cells contain more

Granzyme B upon hetfl-15 treatment and are actively dividing (right pancls).

10632} Figure 14, hetll-15 treatment decreases CXCRS surface receptor in all
lvmphocyies within the LN (and increases the levels of CXCLA3 chemokine). Two SHIV-
infected macagues were treated with 6 SC doses of human hetfL~15 at sequentially increasing
10 dosesof 2,4, 8, 16, 32 and 64 ug/ke. Comparison of the frequency of Tth cells (defined as
CDA+CXCRS+PD-1high) in nguinal LNs obtained before and 3 days after the last mjection

of hetil.-15.

10633} Figure 15, Decreased CXCRS surface expression on B lymphocytes in lvmph nodes
from macaques treated with either low or high hetllL-15 dosc escalation. Left pancl: Low

15 Dose hetll-13 2-64 pg/kg (animal 3726, F31g study). Right panel: High Dose hetlL-15 5-
120 pg/ky (animal P941).

[6034] Figure 16, hetll-15 admmistration increased CXCL13 plasma levels. CXCLI3
fevels were measured before and after 2 weeks of hetIL-15 administration. Ammals were

treated with high dose hetil-15 for 2 weeks. CXCL13 is the ligand of CXCRS.

20 [6033] Figure 17. Intraperitoneal delivery of 1L-15 increases the CD&+ proliferative
responses in the intesting. fntestinal tissue samples and liver samples obtained at necropsy
from 10 animals treated with HL~-15 subcutancously (F31b, ¢, d, fand g) and two macaques
(R678 and R630) treated Intraperiioneally with the same 6 dose protocol (Dose escalation 2-
64 pg/kg). IP delivery of hetlL-15 mercases the proliferative responses in many parts of the

25  intestine.

18036] Figure 18 Treatment of SIV mfected macaques with 3-drug combination cART
{Tencfovie {TFV}, emtricitabine (FTC) and mtegase inhibitor Dolutegravir in a single

combination, daily 8C).

106377 Figure 19, hetll-15 Treatment of SIV-infected ¢ ART-treated macaqgues does not
30 increase plasma virus load as monotherapy. Four macaques treated with cART for 7 months
were treated with one or two cyeles of 2-week high dose hetIL-15 (6 SC mjections of 2-64

ug’ke) as indicated. Plasma viral load was measured by a sensitive assay (cutoff 2 RNA
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copies/ml). High and effective doses of hetiL-15 can be safely adminsstered with long term

ART.

[6638] Figure 20 provides data showing an example of therapeutic vaccination of S{Vmac-

infected, cART-treated macaques with SIV p27CE pDNA.

[B639] Figure 21A-21C provides data showing DNA (A) and RNA (B) copics of SHIV
found n the axilary {(AxLN), inguinal (ngLN} Iymph node or in PBMC before and after
hettl-15 treatment (6 sc injections | two weeks). {C) Plasma virus load measured at the day

of hetll-15 and one and two weeks later.

DETAILED DESCRIPTION OF ASPECTS OF THE DISCLOSURE

Terminology

16048]  As used herein, the terms "about” and "approximately,” when used to modify a
numeric value or numeric range, indicate that the numeric value or range as well as
reasonable deviations from the value or range, typically 10% or 20% above and 10% or

20%below the value or range, are within the intended meaning of the recited value or range.

13641] Asused herein, the terms "disease" and "disorder” are used interchangeably to refer
to a condition, in particular, a pathological condition. In certain embodiments, the terms
"disease” and "disorder” are used mterchangeably to refer to a disease affected by 1L-15

signal transduction.

[3042] Asused herein, e.g., in the Exampies section, the term “hetll~-157, typicallv refers
to the non-covalently linked IL-15/solublell-15 Receptor alpha heterodimernic molecule that
1s naturally processed stmular to the endogenous human cvtokine. Although this formis a
preferred form as applied in the present disclosure, it 18 understood that other forms of IL-15
have similar functions and can trigger the same effects when adjusting for the ditferences in
pharmacokinetics and their intrinsic potency. These mchude, but not limited to, Fe fusions,

single chain IL-15, mutant IL-15s, covalently linked and altered 1L-15 heterodimers.

[B843] As used herein, the term "peak level” and "peak concentration” refer to the highest
levels of free 1L-15 m a sample (¢.g.. a plasma sample) from a subject over 3 period of time.
In cortain embodiments, the period of time is the entire period of time between the
adnunistration of one dose of HL-15/[L-15Ra complex and another dose of the complex. In

some embodiments, the period of time is approximately 24 hours, approximately 48 hours or
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approximately 72 hours after the admimstration of one dose of IL-15/1L-15Ra complex and

before the administration of ancther dosc of the complex.

[6644] As used herein, the terms "trough level” and "trough concentration” refer to the
lowest levels of free 1L-15 in a sample (e.g., a plasma sample) from a subject over a penod of
time. In certain embodiments, the period of time is the entire period of time between the
administration of one dose of H.~15/[L-15Ka complex and another dose of the complex. fn
some embodiments, the perod of time 1s approximately 24 hours, approximately 48 hours or
approxamately 72 hours after the admimstration of one dose of IL-15/1L-15Ra complex and

before the administration of another dose of the complex.

{0845}  As used herein, the term "normal fevels” in the context of the concentration of free
IE-15 refers to the concentration of free 1L-15 found i a sample obtained or derived from a
healthy subject. Basal plasma levels of free {115 in healthy subjects are approximately |
pe/ml m humans and approximately 8-15 pg/ml in monkevs {such as macaques). Normal

levels depend on the exact method used for measurement and may vary because of this.

[6046]  As used herein, the phase "an effective ratio of IL-15 to lymphoevte cell number”
means that the amount of IL-15 available for lvmphocytes keeps pace with the number of
lvmphocyies so that lvmphocytes continne proliferating or survive. In a specific
crabodiment, a trough concentration of approximately 1 pgial to 5 pg/ol, approximately |
pe/ml to 10 pg/ml, approxamately 1 pg/ml to 15 pg/ml, approximately 1 pg/ml to 20 pg/ml,
approximately 1t 25 pg/ml, approximately T pg/ml to 30 pg/mi, approximately 1 pg/ml to
40 pe/md, or approximately 1 pg/od to 50 pe/md of free 1L-15 m a plasma sample from a
subject 1s indicative of "an effective ratio of 1L-15 to Ivmphocyte cell number.”™ In a specific
embodiment, a trough concentration of below 50 pg/ml, below 45 pg/ml, below 40 pe/ml,
below 33 pg/ml, below 30 pg/mi, below 25 pg/ml, below 20 pg/ml, below 135 pg/ml. below 10
pa/ral, below 5 pg/md, or below 1 pg/od of free 1L-15 m a plasma sample from a subject is
indicative of "an effective ratio of 1L-15 to lymphocyte cell number." In another specific
embodiment, a trough concentration above 50 pg/ml, 53 pg/ml, 60 pg/ml, 65 pg/ml, 70 pg/mi,
75 pg/md, 80 pa/ml, 85 pg/ml, 90 pg/od, 95 pg/ml, or 100 pg/ml of free 1L-15 in a plasma
sample from a subject 1s indicative that the ratio of IL-15 to Ivmphocyte cell number s
excessive. In another specific embodiment, a trough concentration 30 pg/ml to 73 pg/ml, 60
pg/mal to 75 pg/ml, 75 pg/ial to 85 pg/md, 75 pg/ml to 160 pg/mi, 85 peg/ml to 100 pg/mi or 56
pz/ral to 100 pg/ml of free 1L-15 in a plasma sample from a subject is mndicative that the ratio
of 1L-15 to lvmphocyte cell number 1s excessive. Anv method known to one skilled i the art
for measuring free IL-15 concentration i a sample from a subject may be used, such as, e.g.,

g
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an immunoassay. In a specific embodiment, an ELISA is used to measure the free 1L-15

concentration i a sample from a sabject.

[66477  As used herein, “hetil~157 refers to a heterodimenc form of [L-15 in which TL-15 13
complexed with IL-15Ra. The terms “hetlL-157 and “IL-15/1L-15Ra complex”™ are used

mterchangeably in this disclosure.

[B848] Asused herein, the terms "native [L-13" and "native mterleukin-15" in the context
of proteins or polypeptides refer to any naturally occurring mammalian interlevkin-15 amino
acid sequences, including rmumature or precursor and mature forms. In the present nvention,
anative HL-15 1s preferably a primate IL-15 sequence and is typically a human [L-15
sequence. Non-himiting examples of GeneBank Accession Nos. for the amino acid sequence
of various specics of native mammalian mterleukin-15 mclude NP 000576 (human, immatire
form), CAA62616 (human, tamature forn), AAB60398 {macaca mulatta, imumature form),
AATIN0964 (human, mmmature form), and AAH 8149 (human}. In one embodiment, the
amino acid sequence of the immature/precursor form of native human IL-15, which
comprises the long signal peptide (undertined} and the mature human native [L-15
(italicized), is provided:
MRISKPHERSISIQOCYLCLLLNSHFLTEAGIHVFILGCFSAGLPKTEANWVNVISDLKKIE
DLIQSMAIDATLYTESDVHPSCKVIAMECFLLELQVISLESGDASIHDTVENLIILANNSLSS
NGNVIESGCKECEELEEKNIKEFLOSFVHIVOMEINTS (SEGQ 1D NO:20). In some

embodiments, native IL-15 18 the immature or precursor form of a naturally occurring
mammalian IL-15. In other embodiments, native 1L-15 is the mature form of a naturally
cocurring mammalian 1L-13. In a specific embodiment, native 1115 is the precursor form of
naturally occurring human IL-15. In another embodiment, native 1L.-15 1s the mature form of
naturally occurring human IL-15. In one embodiment, the native IL-15 proteinv/polyvpeptide 1s

solated or purified.

[B8491  Asused herein, the terms "native [L-13" and "native "interleukin~ 13" m the context
of nucleic acids refer to any naturally occurring nucleie acid sequences encoding mammalian
mterlenkin-15, including the immature or precursor and mature forms. Nonlimiting examples
of Gene Bank Accession Nos. for the nucleotide sequence of various species of native
mammalian H-13 include NM 0003585 (human}. In one embodiment, the nucleotide
sequence encoding the mmmature/precursor form of native human 1L-15, which comprises the
oucleotide sequence encoding the long signal peptide (underlined) and the nucleotide
sequence encoding the mature human native IL-15 Gtalicized), is provided:

atgagaatiiceaaacca catitpasaa gtatliccat ccagtoctac Hatstttac tictaaacag (cattiicta actgaascly
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geaticatetcticatitie soctettica gigcaggect tectaaaaca gaagcoaact ggaigaarg!l aartaagigat

Hgaaaaaaatigaagalct taticaatct algealanlg atgetactit atatacggaa agigaigtic accccagits
caaagiaacageaatgaagt geiticieti ggagtiaeaa gitatticac tigagicegy agatgeaagt atteaigata
cagtagaaaa ictgatcatc clageaaaca acagitigic itctaalggg aaigliaacag aaiciggatg caaagaatgt
gaggaaciggaggaaaaaaa tattaaagaa Hittgeaga gittigtaca taligiceaa aigifcatea acactictg a
(SEQ ID NO:21). In a spectfic embodiment, the nucleic acid is an isolated or purified nucleic
acid. In some embodiments, nucleic acids encode the immature or precursor form of a
naturally occurring mammahian IL-13. In other embodiments, nucleic acids encode the
matare form of a naturally occorring mammalian [E-15. In a specific embodiment, nucleie
acids encoding native 1L-15 encode the precursor form of naturally occurring human IL-15.
I another embodiment, micleic acids encoding native 1L-15 encode the mature form of

naturally occurring human IL-15.

[B650] Asused herein, the terms "IL-135 denivative” and "interdeukin-15 derivative” in the
context of proteins or polypeptides refer to: (a) a polypeptide that is at least 40%, 45%, 50%,
53%, 60%, 65%, typically at least 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99% identical to
a native mammalian {L-15 polypeptide; (b} a polypeptide encoded by a mucleic acid sequence
that s at least 409, 45%, 50%, 35%. 60%, 65%, T0%., 75%, 80%, 83%, 90%, 95%, 98% or
99% 1dentical a nucleic acid sequence encoding a native mammalian HL.-15 polypeptide; {¢) a
polyvpeptide that contains 1, 2.3,4,5,6,7,8, 9,10, 11,12, 13, 14, 15,16, 17, 18, 19, 20 or
more aming acid mutations (.e., additions, deletions and/or substitutions) relative to a native
mammalian [L-15 polvpeptide; (d} a polypeptide encoded by nucleic acids that can hybridize
under high, moderate or typical stringency hybndization conditions to nucleic acids encoding
a native mammalian 1L-15 polypeptide; (¢} a polypeptide encoded by a nucleic acid sequence
that can hybridize under high, moderate or typical stringency hybridization conditions to a
nucieic acid sequence encoding a fragment of a native mammalian 11~15 polypeptide of at
least 20 contiguous amino acids, at least 30 contiguous aminoe acids, at least 40 contiguous
amino acids, at least 50 contiguous amine acids, at least 100 contiguous amino acids, or at
least 150 contiguous anuno acids; and/or (1) a fragment of a native mammalian 1L-15
polypeptide. HL-15 dertvatives also include a polypeptide that comprises the amino acid
sequence of a naturally occwrring mature form of a mammalian 1L-15 polypeptide and a
heterologous signal peptide amino acid sequence. fn a specific embodiment, an H.-15
derivative 1s a derivative of a native human IL-15 polypeptide. In another embodiment, an 1L-
15 derivative is a derivative of an immature or precursor form of naturally occurring human

IE-15 polvpeptide. In another embodiment, an {L-15 derivative is a derivative of a mature
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form of naturally occurring human 1L-13 polyvpeptide. In another embodiment, an IE-15
derivative 1s the IL-15N72D described m, e g, Zhu et al, 2009, J. Immunol. 183; 3598 or
U.S. Patent No. 8,163,879, In another embodiment, an 1L-15 derivative is one of the IL-15
variants described in U.S. Patent No. 8,163,879, In onc embodiment, an {L~15 derivative is

isolated or purifie

[B651} In apreferred embgdiment, IL-15 derivatives retain at least 50%, 55%. 60%, 65%
0%, 75%, 80%, 85%,90%, 95%, 98% or 99% of the function of native mammalbian IL-13
polypeptide to bind H-13Ra polypeptide, as measured by assays well known n the art, e.g.,
ELISA, Biacore, co-immunoprecipitation. In another preferred embodiment, IL-15
denivatives retain at least 50%, 35%, 60%, 65%, 70%, 75%, 80%, 83%, 90%, 95%, 98% or
99% of the function of pative mammalian [L-15 polypeptide to mduce 1L-15-mediated signal
transduction, as measured by assays well-known 1n the art, ¢ g, electromobility shuft assays,
western blots, phosphoprotein analvsis, ELISAs and other immunoassays. In a specific
embodiment, IL.~15 denvatives bind to 1L-153Ka and/or IL-13Ra as assessed by, e.g.,

ligand/receptor binding assays well-known in the art.

16032] Percent identity can be determined using anv method known to one of skill in the
art. In a specific embodiment, the percent identity is determined using the "Best Fit" or
"Gap" program of the Sequence Analysis Sofiware Package (Version 1 0; Genetics Computer
Group, Inc., University of Wisconsin Biotechnology Center, Madison, Wisconsin). Ina
further specific embodiment, percent identity is determined using the BLAST algonthm.
Information regarding hyvbridization conditions {e.g., high, moderate, and typical stringency
conditions) has been described, sce, ez, U.8. Patent Applhication Publication No. US

2005/0048549 (e.g., paragraphs 72-73}.

(6853}  As used berein, the termg "IL-15 derivative” and "interleukin-15 dernivative” in the
context of nucleic acids refer to: {a) a nucleic acid sequence that is at least 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 803%, 83%, 90%, 95%, 98% or 999 identical to the naturally
occurring nucleic acid sequence encoding a mammalian H.-15 polypeptide; (b} a nucleic acid
sequence encoding a polypeptide that 1s at [east 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 93%, 98% or 99% 1dentical the amino acid sequence of a native

mammalian IL-15 polypeptide; (¢) a nucleie acid sequence that contains 1,2, 3,4, 5,6

-~
-
[#22]

0,10, 11, 12,13, 14, 15, 16, 17, 18, 19, 20 or more nucleic acid base mutations (i.c.,
additions, deletions and/or substitutions) relative o the naturally cccurring nucleic acid
sequence encoding a mammalian 1L-15 polvpeptide; (d} a nucleic acid sequence that
hybridizes under high, moderate or typical stringeney hybridization conditions to a naturally
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occurring nucleic acid sequence encodmg a mammalian IL-15 polypeptide; (e) a nucleic acid
sequence that hybridizes ander high, moderate or typical stringency hybridization conditions
to a fragment of a naturally occurring nucleic acid sequence encoding a mammalian 11-15
polvpeptide; and/or (f) a nucleic acid sequence encoding a fragment of a naturally occurring
nucleic acid sequence encoding a mammalian IL-15 polypeptide. In a specific embodiment,
an [L-15 denvative in the context of nucleic acids is a derivative of a naturally occurring
nucleic acid sequence encoding a human 1L-15 polypeptide. In another embodiment, an IE-15
derivative 1n the context of nucleic acids is a denivative of a naturally occuwrring nucleic acid
sequence encoding an kmmature or precursor form of a haman HL-15 polypeptide. In another
embodiment, an IL-15 derivative i the context of nucleic acids is a derivative of a naturally
occurring nucleic acid sequence encoding a mature torm of a human 115 polypeptide. In
another embodiment, an [L-15 denvative m the context of nucleie acids s the nucleic acid
sequence encoding the IL-15N72D desenbed in, e.g., Zhu et al,, 2009, J Immunol. 183 3598
or U.8. Patent No. 8,163,879, In ancther embodiment, an IL-15 denvative in the context of
oucleic acids is the nucleic acid sequence encoding one of the 1L-15 variants descrbed in

U.S. Patent No. 3,163,879,

[6654] 1L-15 denvative nucleic acid sequences include codon-optimized/RNA-optimized
nucieic acid sequences that encode native mammahian [L-15 polvpeptide, including mature
and immature forms of IL-13 polypeptide. In other embodiments, IL-13 derivative nucleic
acids inchude nucleie acids that encode mammalian 1L-15 RNA transcripts containing
mutations that eliminate potential splice sites and nstability elements (¢.g., A/T or A/U nich
elements) without affecting the amino acid sequence to increase the stability of the
mammalian [L-15 RNA transcripts. In certain embodiments, the IL-15 derivative nucleic acid

sequence is codon-optinized.

[0655) In apreferred embodiment, 11-135 dervative nucleic acid sequences encode proteins
or polypeptides that retain at least 50%, 535%, 60%, 65%, 70%. 73%, 80%, 85%, 90%. 95%,
08% or 9% of the function of a native mammalian [L-15 polypeptide to bind [L.~ 15Ra, as
measured by assays well konown in the art, e.g., ELISA, Biacore, coimmunoprecipitation or
gel electrophoresis. In ancther preferred embodiment, IL-15 denvative nucleic acid
sequences encode proteins or polypeptides that retain at least 30%, 55%,60%.63%,70%.,75%,
80%, 85%,90%,95%,98% or 99% of the function of a native mammalian 1L-15 polypeptide
to indace [L-15-mediated signal transduction, as measured by assays well-known in the art,
¢.g., clectromobility shift assayvs, ELISAs and other immunoassays. In a specific

crabodiment, IL.-15 dervative nucleic acid sequences encade proteins or polyvpeptides that
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bind to [L.-15Ra and/or 1L.-15R~v as assessed by, ¢.g., igand/receptor assays well-known in

the art.

[66561 As used herein, the terms "IL-15" and "interleukin- 13" reter to a native [L-15, an

[L~15 denvative, or a native {L-15 and an IL-15 denvative.

[B657} Asused herein, the terms "native 1L-15Ra" and "native mterleukin~15 receptor
alpha” in the context of proteins or polypeptides refer to any naturally occurring mammalian
mnterleukin-15 receptor alpha ("1L-15Ra") amino acid sequence, including immature or
precursor and mature forms and naturally occurring isoforms. Non-limiting examples of
GeneBank Accession Nos. for the amino acid sequence of various native mammalian H.-
15Ra include NP 002180 (human}, ABK41438 (Macaca mulatta), and CAI41082 (human}.
In one embodiment, the amino acid sequence of the immatare form of the native foll length
buman [L-15Ra, which comprises the signal peptide (underlined) and the mature human
native HL-15Ra (italicized), is provided: MAPRRARGCR TLGLPALLLEL LLLRPPATRG
ITCPPPMSVE HADIWVESYSLYSRERYICN SGFKRKAGTS SLTECVINKA TNVAHWTTPS
LKCIRDPALY HORPAFPPSTVITAGYVTPOPE SLSPSGKEPA ASSPSSNNTA ATTAAIVPGS
QOLMPSKSPST GUTEISSHESSHGTPSQTTA KNWELTASAS HOPPGVYPQOG HSDTTVAIST
STVILCGLSA VASLIACYLKS ROTPPILASVE MEAMEALPVT WGTSSRDEDL ENCSHHL

(§EQ 1D NG:22). The amino acid sequence of the immature form of the native soluble
buman [L-15Ra, which comprises the signal peptide (underlined) and the mature human
native soluble IL~-15Ra (italicized), is provided: MAPRRARGCR TEGLPALLLL
LLERPPATRG ITCPPPMSVE HADIWYVESYS LYSRERYICN SGFKRKA GTS8
SLTECVINKA TNVAHWTTPS LKCIRDPALV HORPAPPSTV TTAGVTPQOPE
SLSPSGKEPA ASSPSSNNTA ATTAAIVPGS QIMPSKSPST GTTEISSHES SHGTPSQTTA
KNWELTASAS HOQPPGVYPOG (SEQ 1D NO:23). Sce below for further discussion

regarding the immature and mature forms of human native soluble H.-15Ra. In some
crobodiments, native [L-15Ka 15 the immature form of a naturallv occurring mammalian IL-
15Ra polypeptide. In other embodiments, native 1L-15Ka 1s the mature form of a naturally
occurring mammalian IL-15Ra polyvpeptide. In certain embodiments, native IL-15Ra 1s the
naturally occurring soluble form of mammalian 1L-15Ra polypeptide. In other embodiments,
native IL-15Ka is the full-length form of a naturallv occurring mammalian L-~15Ra
polypeptide. In a specific embodiment, native H.-15Ra 1s the wmmature form of a naturally
occurring homan 1L.-15Ra polypeptide. In another embodiment, native IL-15Ra is the maturg
form of a naturally occurring human IL-15Ra polypeptide. In certain embodiments, native

IL-~15Ra s the naturally occurring soluble form of human IL-15Ra polypeptide. In other
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embodiments, native IL-15Ra is the full-length form of a natarally occurring human 1L-15Ra
polypeptide. In one embodiment, a native IL-15Ra protein or polypeptide s isolated or

purified.

{0658}  As used herein, the terms "native IL-15Ra" and "native mterleukin-15 receptor
alpha" m the context of nucleic acids refer to any naturally occurring nucleic acid sequences
encoding mammalian interleukin-15 receptor alpha, meluding the immature or precursor and
matare forms. Non-limiting examples of GeneBank Accession Nos. for the nucleotide
sequence ofvarious species of native mammalbian IL-15Ra include NM_ 002189 (human}, and
EF033114 (Macaca mulatia}. In one embodiment, the nuclectide sequence encoding the
immature form of native human IL-15Ra, which comprises the nucleotide sequence encoding
the signal peptide (underlined) and the nucleotide sequence encoding the mature human

native 1L-15Ra {italicized}, is provided: ategecce gogpcogoce cocppetece ggaccotogs

toteccggcy ctactactoc taciocioct CCOQCCCey SCBACECO0n ocalcacglg coclicoorce aiglocgigg

aacacgeaga catclgggic aagagetaca gotiglacte cagggagegy facattigtaactogglit caagegtaaa
BECLLCACK! CCageCtie guagigesty HEaaeaagy coacgaatgl cgcecactgg acaacececa gicteaaals
cattagagac coigeccigg ticaccaaag gecagegeca coclccacag 1aacgacgge aggggtgace
COACAZCCaE Agagecicic coctictggn aaagageces cageiteale 1eccagelea aacaacacag
CELECCaraac ageagetatt glcecggact cecageigal geetfcanaa (eaoctioca caggaaceac agagaraage
agICalgag! Coleecaogs Cacceccic! Cagaeaacag coaagaacty geaacicaca geatcegcet cecaoecagee
2CCAggigly Iaccacagg geeacagcga caccactgly gotaicteca cgiceacigt cotgeistgt gogcteagcs
crgigictct cofggearoe facclcaagt Caaggeanac (Ceceegely geeagesits aaalggaage catggaggct
clgeeggtga cligggggac cageagcaga galgaagact iggaaaactg clctcaccac catga (SEQ 1D
NG:24). The nucleotide sequence encoding the immature form of native soluble human H-
13Ra protein or polvpeptide, which comprises the nucleotide sequence encoding the signal
pepude (underhined) and the nucleotide sequence encoding the mature human soluble native

IL-13Ra (talicized), is provided: atggcece gegpegoscs cocgoctoce goaceclicgy fefeccogee

ctoctactoc toctoctoct COEECCOCCe Booacocooo ooaliCcacgia cocicceeee aiglcCgigg aacacgcaga

=4

catcigggtc aagagotaca geitglacte cagggagegy facatiigla aciciggitt caagegiana gecggeacgt
ceagecigac goagigegly tgaacaage ccacgaalgl cgeceactgg acaaccecea giotcaaaty cattagagac
Ceigeectgg Heaccaaag goeagegooa ceclccacag 1Gacgacgge agggaigace ceacagecag
agageoicle cecticlgga aaagageeeyg cagetioale [CCcageleq qaceaacacag cggecacaac ageagetalt
glcecggect cecagergal gectfcanaa feaecticen caggaaceac agagatmage agieatgagt coteecacgy

CACCCOCICE CagaCancag ceaagaacig geaacicara goaiccgoet Cocaccagee goeaggigtg

tatccacagg ge (SEQ 1D NG:25). In a specificembodiment, the nucleic acid is an isolated or
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purified nucleic acid. In some embodiments, naturally occurring nucleic acids encode the
mmmatare form of a naturally occorring mammahian [L-15Ra polypeptide. In other
embodiments, naturally occurring nucleic acids encode the mature form of 3 naturally
occurring mammalian 1L.~15Ra polvpeptide. o certain emboduments, naturally occurring
nucleic acids encode the soluble form of a naturally occurring mammalian I1-15Ra
polypeptide. In other embodiments, naturally cecurring nucleic acids encode the full-length
form of a naturally occurring mammalian 1L-15Ra polypeptide. In a specific embodiment,
naturally occurring nucleic acids encode the precursor form of naturally occurnng human -
15 polypeptide. In another embodiment, natrally occurring nucleic acids encode the mature
of naturally occurring human 1L-15 polypeptide. In certain embodiments, naturally occuming
nucleic acids encode the soluble form of a naturally occurning human {L.-15Ra polypeptide.
In other embodiments, naturally occurring nucleic acids encode the full-length form of a

naturally occurring human [L-13Ra nolvpeptide.

[B85%1  As used herein, the terms "IL-15Ra denvative" and "nterleukin-15 recepior alpha
derivative” in the context of a protein or polypeptide refer to: {a) a polypeptide that 1s at least
40%, 45%, 50%, 53%, 60%, 65%, typically at least 70%, 75%, 80%, 85%, 90%, 95%, 98%
or 99% identical to a native mammalian IL.-15 polypeptide; (b} a polypeptide encoded by a
nucleic acid sequence that 1s at least 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 98%% or 99% wdentical a nucleic acid sequence encoding a native
mammalian [.~15Ra polypeptide; {c} a polypeptide that contains 1,2, 3,4, 5, 6,7, 8,9, 10,
1E, 12,13, 14, 15, 16, 17, 18, 19, 20 or more amino acid mutations {1.¢., additions, deletions
and/or substitutions) relative to a native mammaban IL-15Ra polypeptide; {d) a polypeptide
encoded by a nucieic acid sequence that can hyvbridize under high, moderate or typical
stringency hvbridization conditions to a nucleic acid sequence encoding a native mammalian
IE~135Ra polypeptide; (¢} a polypeptide encoded by a nucieic acid sequence that can hybndize
ander high, moderate or typical stringency hybridization conditions to mucleic acid sequences
encoding a fragment of a native mammalian H.-135 polypeptide of at least 20 contiguous
aroino acids, at least 30 contiguous anino acids, at least 40 contiguous amino acids, at least
50 contiguous aming acids, at least 100 contiguous aming acids, or at least 150 contiguous
amino acids; {f} a fragment of 3 native mammahan IL-15Ra polypeptide; and/or {g} a specific
IL~15Ra derivative descnbed herein. IL-15Ra derivatives also include a polypeptide that
comprises the amino acid sequence of a naturally occurming mature form of mammalian 1L.-
15Ra polypeptide and a heterologous signal peptide amino acid sequence. In a specific

embodiment, an IL-15Ra derivative is a derivative of a native human IL-15Ra polypeptide.
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In ancther embodiment, an IL-15Ra denvative 1s a derivative of an immature form of
naturally occurring human IE-15 polypeptide. In another embodiment, an IL-15Ra denvative
is a derivative of a mature form of naturally occurring homan {L-15 polypeptide. In one
embodiment, an IL-15Ra dertvative 15 a soluble form of a native manunalian IL-15Ra
polypeptide. In other words, in certain embodiments, an 1L-15Ra derivative includes soluble
forms of native mammalian IL-15Ra, wherein those soluble forms are not natorally
occurring. An example of an amino acid sequence of a truncated, soluble form of an
wmmature form of the native human IL-15Ra comprises the following signal peptide
(underlined) and the following truncated form of human native IL-15Ra (itakicized):
MAPRRARGCR TLGUPALLLL ELERPPATRG JTCPPPMSVE HADIWVKSYS
LYSRERYICN SGFKRKAGTS SLTECVINKA TNVAHWTTPS LKCIRDPALY HORPAPPSTV
TTAGVTPOPE SLSPSGKEPA ASSPSSNNTA ATTAAIVPGS QLMPSKSPST GTTEISSHES
SHGTPSOTTA KNWELTASAS HOPPGYYPOG HSDTT (SEG 1D NO:26). Other examples

of IL-13Ra denvatives include the truncated, soluble forms of native human 1L-15Ra
described herein, or the sushi domain, which is the binding site to IL~-15. In a specific

embodiment, an 1L-15Ra denvative 1s purified or 1solated.

[6668] In a preforred embodiment, 1L-15Ra derivatives retain at least 50%, 55%, 60%,
65%, 70%, 75%, 80%, 853%, 919, 85%, 98% or 29% of the function of a native marmnmalian
IL-135Ra polypeptide to bind an [L-15 polypeptide, as measured by assays well known in the
art, e.g., BELISA, Biacore, co-immunoprecipitation. In another preferred embodiment, -
i5Ra derivatives retain at least 50%, 55%, 60%, 63%, 70%, 75%, 80%, 85%, 90%, 95%,
98% or 99% of the function of a native mammalian IL-15Ra polypeptide to induce 1L-15-
mediated signal transduaction, as measured by assays well-known n the art, e g,
clectromobility shift assavs, ELISAs and other immunoassays. In a specific embodiment, 1L~
15Ra derivatives bind to [L-15 as assessed by methods well-known in the art, such as. e.g.,

ELISAs.

[B861] Asused herein, the terms "IL-15Ra denvative” and "nterleukin-15 recepior alpha
derivative” in the context of nucleic acids refer to: (a) a nucleic acid sequence that is at feast
40%, 459%, 50%, 53%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 95%, 9&% or 99% identical
to the naturally occurring nucleic acid sequence encoding a mammalian [L-15Ra polvpeptide;
{(b) a nucleic acid sequence encoding a polypeptide that is at least 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99% identical the amino acid segquence
of a native mammahian IL-15Ra polypeptide; {¢) a nucleic acid sequence that contains 1, 2, 3,

4,5,6,7.8,9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20 or more nucleic acid mutations (i.c.,
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additions, deletions and/or substitutions) relative to the naturally occnrring nucleic acid
sequence encoding a mammalian 1L-15Ra polypeptide; (d) a nucleie acid sequence that
hvbridizes under high, moderate or tvpical stringeney hybridization conditions to a naturally
occurring nucleic acid sequence encoding a mammalian HL-15Ra polvpeptide; (¢) a nucleic
acid sequence that hybnidizes under high, moderate or typical stiingency hybndization
conditions to a fragment of a naturally occurring nuocleic acid sequence encoding a
mammalian H-15Ra polypeptide; {£} a nucleic acid sequence encoding a fragment of a
naturally occurring nucleic acid sequence encoding a mammalian 1L-15Ra polypeptide;
and/or (g) a nucleic acid sequence encoding a specific IL-15Ra derivative described herein.
In a specific embodiment, an IL-13Ra derivative in the context of nucleic acids is a derivative
of a naturally occurring nucleic acid sequence encoding a human IL-15Ra polypeptide. In
another embodiment, an IL-15Ra derivative in the context of nucleic acids 1s a denivative of a
naturally occurring nucleic acid sequence encoding an imnmatore form of a human IL-15Ra
polvpeptide. In another embodiment, an HL-15Ra derivative in the context of nucleic acids is
a derivative of a naturally occurning nucleie acid sequence encoding a mature form ot a
human [L-15Ra polypeptide. In one embodiment, an 1L.-15Ra derivative in the context of
nucleie acids refers to a nucleic acid sequence encoding a derivative of mammalian HL-15Ra
polypeptide that is soluble. In certain embodiments, an IL~-15Ra derivative in context of
nucleic acids refers to a nucleic acid sequence encoding a soluble form of native mammalian
IE-15Ra, wherein the scluble form 1s not naturally occurring. In some embodiments, an IL-
15Ra denvative 1 the context of nucleic acids refers to a nucleic acid sequence encoding a
dertvative of human [L.-15Ra, wherein the dertvative of the human 1L-15Ra is a soluble form
of 1L.-15Ra that is not naturally occurring. An example of an 1L-15Ra derivative nucleic acid
sequence 1s the nucleotide sequence encoding the truncated, soluble, immatare form of a
native human IL-15Ka protein or polypeptide that comprises the following nucleotide
sequence encoding the signal peptide (underlined) and the following nucleotide sequence
encoding a trumeated form of the mature human native IL-15Ra (italicized): atggccec

gegocggocy caoepctoce ggaccetcgg Icicocgaes ctgctactoe toctoctoct Coggececey SCacgcugy

goateacglg ceoleccece aigiecgigg aacacgeaga cafelggele aagagelaea getgracic cagggagcgg
taeattigla acleiggtit cangeglaaa geeggeacgt ceageetigac ggagigegly tigaacaagg ceacgantgt
cgeceactgg aeaaccecea gleicaaaty cattagagac celgeectgg lieaccaadag geeagegoed cectecacag
faacgacgge aggggigace ceacagerag agagecicic cecticigga aaagageecg cagelicalc teceageted
aacaaeacag cggoeeacaac agoageialt giceeggget ceeagetgar georicaaaa 1eacciteca caggaaceac
agagataage agiealgagt cofeecacgy cacceoctel cagacaacag ceaagaacty ggaacteaca

geateegect cceaceagee geeaggigly falceacagg goecacagega caccact (SEQ IR NG 27
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[B8621 In specific embodiments, an 1L-15Ra derivative nucleic acid sequence is isolated or
purified. IL-15Ra derivative nucleic acid sequences include RNA or codon-optimized
nucleic acid sequences that encode native IL-15Ra polypeptide, including mature and
mmature forms of 1L-15Ka polvpeptide. In other embodiments, 1L-15Ra derivative nucleic
acids include nucleic acids that encode 1L-13Ra RNA transeripts containing mutations that
climinate potential splice sites and instability elements {e.g., A/T or A/U rich elements}
without affecting the amino acid sequence to increase the stability of the IE-15Ra RNA

transcripts.

106637 In apreferred embodiment, IL-15Ra derivative nucleic acid sequences encode
proteins or polypeptides that retain at least 50%, 55%, 60%, 63%, 70%, 75%, 80%, 83%,
90%, 95%, 98% or 99% of the function of a native mammalian 1L.-15Ra polypeptide to bind
IE-15, as measured by assays well known inthe art, e.g., ELISA, Biacore,
coimmunoprecipiiation. In another preferred embodiment, 1L~15Ra derivative nucleic acid
sequnces encode proteins or polypeptides that retamn at least S0%, 55%, 60%, 65%, 70%,
T3%, 80%. 85%, 90%, 95%, 98% or 99% of the function of a native mammahian 1L-13Ra to
induce 1L-15-mediated signal transduction, as measured by assays well-known in the art, e g,
clectromobility shift assavs, ELISAs and other immunoassays. I a specific embodunent, H-
15Ra dervative nucleic acid sequences encode proteins or polyvpeptides that bind to IL-15 as

assessed by methods well-known in the art, such as, ¢.g., ELISAs.

[B864] Asused herein, the terms "IL-15Ra" and "mierleukin-13 receptor alpha” referto a

native IL-15Ra, an IL-15Ra denivative, or a native IL-13Ra and an 1L-15Ra derivative.

[6963] As used herein, the term "IL~15/IL-15Ra complex” refers to a complex comprising
IE-13 and IL-15Ra covalently or noncovalently bound to each other. In a preferred
crabodiment, the IL-15Ra has a relatively high atfinity for IL-15,¢.2.,a Kd of 1010 50 pM as
measured by a technigue known n the art, ¢.g., KinEx A assay, plasma surface resonance
(e.g., BlAcore assav). In another preferred embodiment, the 1L-15/1L-15Ra complex induces
IL-15-mediated signal transduction, as measured by assays well-known in the art, e.g.,
clectromobility shift assavs, ELISAs and other immunoassays. In some embodiments, the
TL-15/11-15Ra complex retains the ability to specifically bind to the By chain. In a specific

cembodiment, the 1L-15/.~15Ra complex is isolated from a cell.

10666]  Asused herein, the terms "subject” and "patient” are used mterchangeably and refer
1o a marmmal, such as a non-primate {¢.g., cows, pigs. horses, cats, dogs, rats ¢tc.) and a

primate {(¢.g., monkey and human), most preferably a human.

1o
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[B867] As used herein, the terms "purified” and "isolated” in the context of a compound or
agent (including, e g, proteinaceous agents) that is chemically synthesized refersto a
compound or agent that is substantially free of chemical precursors or other chemicals when
chemically synthesized. In a specific embodiment, the compound or agent is 60%, 65%, 75%,

80%, 85%, 90%, 95%, or 99% free (by dry weight) of other, different compounds or agents.

[6068] As used herein, the terms "purnified " and "isolated" when used n the context of a
compound or agent (including proteinaceous agents such as polvpeptides) that can be
obtained from a natural source, ¢.g., cells, refers to a compound or agent which 1s
substantially free of contaminating materials from the natural source, ¢.g., celular materials
from the natural source, such as but not limited to cell debns, cell wall matenials, membranes,
organclles, the bulk of the micleic acids, carbohydrates, proteins, and/or Hipids present in
cells. The phrase "substantially free of natural source materials” refers to preparations of a
compound or agent that has been separated from the material {e.g., cellvlar components of the
cells) from which it 1s isolated. Thus, a compound or agent that 1s 19olated includes
preparations of a compound or agent having less than about 30%, 209, 10%, 5%, 2%, or 1%

{by dry weight) of cellular maternials and/or contaminating materials.

[0869] An “isolated” nucleic acid sequence or nucleotide sequence 1s one which is
separated from other nucleic acid molecules which are present in a natural source of the
nucleic acid sequence or nucleotide sequence. Morcover, an "isolated”, nucleic acid sequence
or nucleotide sequence, such as a cDNA molecule, can be substantially free of other cellular
material or culture medium when produced by recombinant techniques, or substantially free
of chemical precursors when chemically svithesized. In certain embodiments, an "isolated”
nucleic acid sequence or nucleotide sequence is a nucleic acid sequence or nucleatide

sequence that is recombmantly expressed in a heterologous cell.

[607G]  In some embodiments, the terms "mucleic acid”, "nucleotide” and "polynucleotide”
refer to deoxyribonucleotides, deoxynbonucleic acids, ribonucleotides, and nibonucleic acids,
and polvmeric forms thereof, and include etther single- or double-stranded forms. In certain
embodiments, such terms include known analogucs of natural nucleotides, for example,
pepude nucleic acids ("PNA"s), that have smular binding properties as the reference nucleic
acid. In some embodiments, such terms refer to deoxyribonucleic acids {c.g., cDNA or

DNA). In other embodiments, such terms refer to ribonucleic acid {e.g., mRNA or RNA).

[B8711 As used herein, the terms "protein(s)” and "polypeptide(s)" interchangeably to refer

to a chain of aming acids linked together by peptide bonds. In some embodiments, the terms
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"protein{s}” and "polvpeptide(s)” refer to a macromolecule which comprises amino acids that

are linked together by peptide bonds.

{6672} As used herein, the terms "therapies” and "therapy" can refer to any protocol(s),
method{s}, compositions, formulations, and/or agent(s} that can be used in the prevention,
treatment, management, or amehoration of a disease, e.g., cancer, infectious disease,
tymphopenia, and immuncdeficicncics, or a svmptom associated therewith. In certain
embodiments, the terms "therapies” and "therapy"” refer to biological therapy, supportive
therapy, and/or other therapies useful in treatment, management, prevention, or amelioration

of a discase or a symptom associated therewith knowa to one of skill in the art.

16073] As used herein, the term "in combination” refers to the use of more than one therapy
{c.g., one or more prophylactic and/or therapeutic agents). The use of the term "in
combination” does not restrict the order in which therapics are administered to a subject with
a disease or disorder. A first therapv {e.g., a prophyiactic or therapeutic agent) can be
administered prior to (2.g., 3 munutes, 15 nunutes, 30 minutes, 43 minutes, 1 hour, 2 hours, 4
hours, 6 hours, 12 hours, 24 hours, 48 hours, 72 hours. 96 hours, 1 week, 2 weeks, 3 weeks, 4
weeks, 5 wecks, 6 weeks, 8 weeks, or 12 weeks before), concomitantly with, or subsequent to
{¢.g., 5 nunutes, 15 minutes, 30 minutes, 45 minutes, | hour, 2 houars, 4 hours, 6 howrs, 12
hours, 24 hours, 48 hours, 72 hours. 96 hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6
weeks, 8 weeks, or 12 weeks after) the administration of a second therapv (¢ g, a
prophylactic or therapeutic agent} to a subject with a discase or disorder or a sympiom

thereof.

{6674} As used herein, the term "host cell” refers to any tvpe of cell, e.g., a primary cell or
a cell from a cell line. In specific embodiments, the term "host cell” refers a cell transfected
with a nucleic acid molecule and the progeny or potential progeny of such a cell. Progeny of
such a cell may not be identical to the parent cell transfected with the nucleic acid molecule
due to mutations or environmental mfluences that mav occur in succeeding generations or

mtegration of the nacletc acid molecule into the host cell genome.

[6673}]  As used herein, the terms "treat”, "treating” and "treatment” in the confext of the
administration of a therapy to a subject refer to the beneficial effects that a subject derives
from a therapy. Non-limiting cxamples of such benefits include the reduction or inhibition of
the progression, spread and/or duration of a discase or disorder, the reduction or amchioration

of'the severity of a disease or disorder, amelioration of one or more symptoms of a disease or
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disorder, and/or the reduction in the duration of one or more symptom of a disease or disorder

resolting from the administration of one or more therapies.

L

0076] As used herein, the terms "prevent reventing” and "prevention” m the context of
4 ] S
the admmstration of a therapy to a subject refer to the inhibition of the onset or recurrence of

a disease or disorder in a subject.

[60877]  Asused herein, the torms "manage,” "managing,” and "management,” in the context
of the administration of a therapy 1o a subject, refer to the beneficial effects that a subject
derives from a therapy, which does not result in a cure of a disease or disorder. In certain
embodiments, a subject 1s administered one or more therapies to "manage” a discase or
disorder so as to prevent the progression or worsening of symptoms associated with a disease

or disorder.

[B878] When a dose of an IL~-15/IL-15Ra complex s referenced herein, the dose s
according to the mass of the single-chain 1L-15. The single-chain {L-135 equivalent is
calculated from (i) the mass of an 1L-15/{L.~15Ra complex bv anmino acid analysis and (i1} the
ratio of HL-15 to L~ 15Ra {e.g., soluble IL-15Ra) n the specific preparation as determined

expenimentally by RP-HPLC or by amino acid analysis.
Terminology relating to conserved element vaccines

16879 A “conserved region” as used herein refers to a protein sequence that is conserved
across a protein that has high sequence diversity m nature, ¢.g., a viral protein such as HIV
Gag or HIV Env. A “conserved region” need not have 100% sequence identity across the
diversity of naturally occurring sequence of the protein, but the amino acid sequence
variability in the naturally occurring conserved region sequences is low, typically 10% or
less. A “conserved element” in the context of the present invention is a segment of a
conserved region that 13 usually at least 8 amimo acids m length. In some embodiments, a
“conserved element” is greater than 8 amino acids in length e g, 9, 10, 11,12, 13, 14, 15, 16,
17,18, 19,20, 21,22, 23,24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34,35, 36,37, 38,39, 40, 41,
42,43, 44, or 45 or more amino acids in jength. Tvpically, a conserved clement 1s less than
50 amino acids m length. A “conserved element” need not be 100% conserved across the
diversity of sequences, e.g., HIV Gag sequences or HIV Env scquences. As noted above, the
sequence vanability 1o the naturally occurring conserved element sequence 1s low, however,

typically 10% or less.

[N
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[B880] A “conserved element par” in the context of this invention as it relates to a
conserved clement tmmunogenic composifion, e.g., conserved elements of HIV Gag or HIV
Eav, refers to two versions of a conserved element sequence that have aming acid changes
relative to one another such that the two sequence together cover at least 90% of naturally
occurring sequences. For example, for HIV Env, the conserved element pair may cover at

least 90% of the vartants belonging to the HIV-1 M group.

[B881] A “nucleic acid vaccine” as used herein includes both naked nucleic acid vaccines,
e.g., plasmid DNA vaccines, and viral vector-based nucleic acid vaceines that are comprised

by a viral vector and/or delivered as viral particles.

16082] An "mmmunogen” refers to a molecule, typically a protein molecule 1n the current
invention, containing onc or more epitopes {cither lincar, conformational or both) that will
stimmulate a host's immune system to make a humoral and/or cellular antigen-specific
response. Normally, an epitope will comprise between about 7 and 15 amino acids, such as,
9,10, 12 or 15 ammg acids. The term "immunogen” includes isolated immunogens as well as

mactivated organisms, such as vinises.

DETAILED DESCRIPTION OF SOME EMBODIMENTS OF THE DISCELOSURE

[B883] In certain aspects, the methods described herein are based, in part, on the discovery
of a new dose escalation schedule for the adnunistration of IL-15/IL-15Ra complexes. Such
complexes can be used to treat any disorder as described herein. In some embodiments,
adnunistration of [L-15/1L-15Ra is 1n conjunction with other therapeutic agents, such as a

conserved element vaccine, e.g., a conserved element vaccine for HIV Gag or HIV Env,

[6084] In afurther aspect, the invention provides a method of assessing effects on patient’s
tymph nodes or other tissues by measuring specific parameters including the number of
tymphocytes m specific arcas and their properties, specificities and expression characteristics
using technologies such as flow and multiplexed confocal imagin (M), In cortain aspects
the effects of hetll-15 m lvroph nodes arc measured by measuring the level of CXCR5 on B
cells {which express it universally) or T cells locally or in the blood. In certan aspects the
cffects of hetlL-15 in the LN and tissues are evaluated by measuring the increase of CXCL13
locally or in plasma or serum. Yet in other aspects the function of hetl~-15 1s cvaluated by

measuring increase in {L.-18 locally or in the plasma or serum of patient.
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BL-183L-15Ru complexes

{0685} IL-15/IL-15Ra complexes aministered in accordance with the invention may
comprise naturally occurring forms of H.-15Ra and IL-15 or trancated forms of native
proteins that retain activity. The [L-15-/Ra and IL-15 polvpeptides i the complex may be

non-covalently or covalently linked.
I~I5Rex

{36867 IL-15Ra contamed in an IL-15/4L-15R complex administered in accordance with
the invention may comprise the naturally occurring soluble form of human H-15Ra or
specific 1L-15Ra derivatives that are truncated, soluble forms of human IL-15Ra. These
specific IL-15Ra denvatives and the naturally occurring soluble form of human IL-15Ra are

based, in part, on the identification of the proteolytic cleavage site of human [L-15Ra.

[3087] The proteolvtic cleavage of membrane-bound human IL-15Ra takes place between
Gly170 and Hisl71 10 human IL-15Ra (Chertova et al |, 2013, Joumal of Biological
Chemistry 288(25):18093-103). Thus, the proteolvtic cleavage of human 1L-15Ra takes place
between the residues (1.e., Glv170 and His171) which are shown in bold and underdined in the
provided amino acid sequence of the mmature form of the native full length human IL-15Ra:
MAPRRARGCR TLGLP ALLLL LLLRPP ATRG ITCPPPMSVE HADIWVKSYSL
YSRERYICN SGFKRKAGTS SLTECVLNKA TNV AHWTTPS LKCIRDPAL VHQRP
APPSTY TTAGVTPQPE SLSPSGKEP A ASSPSSNNTA ATT AATVPGSQLMPSKSPST
GTTEISSHES SHGTPSQTTA KNWELTASAS HQPPGVYPQGHSDTTY AIST
STVLLOGLSA VSLLACYLKS RQTPPLASVE MEAMEALPYT WGTSSRDEDL
ENCSHHL (SEQ 1D NO:28).

[6088] Accordingly, in one aspect. provided herein is a soluble form of human [L-15Ra
{c.g., a purified soluble form of human IL-15Ra}, wherem the amino acid sequence of the
soluble form of human IL-15Ra terminates at the site of the proteolyiic cleavage of the native
membrane-bound homan IL-15Ra. In particular, provided herein 1s a soluble form of human
1E-15Ra{e.g., a purified soluble form of human 1L-15Ra). wherein the amino acid sequence
of the soluble form of human IL-15Ra terminates with PQG, wherein G 1s Glv170 of the
mature form of human [L~13Ra. In particular embodiments, provided herein 1s a soluble form
of human IL-15Ra (¢ g., a punified solable form of human IL-15Ra) which has the following
amino acid sequence: MAPRRARGCR TLGLP ALLLL LLERPP ATRG ITCPPPMSVE
HADIWVKSYS LYSRERYICN SGFKRKAGTS SLTECVLNKA TNV AHWTTPS
LKCIRDPAL VHQRP APPSTV TTAGVTPQPE SLSPSGKEPR A ASSPSSNNTA ATT

24
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AATVPGS QLMPSKSPST GTTEISSHES SHGTPSQTTA KNWELTASAS
HOPPGVYPQG (SEQ 1D NO:23). In some embodiments, provided herein 1s an [L-15Ra
derivative {¢.g., a purified and/or soluble form of IL-15Ra derivative), which is a polypeptide
that: (i) 1s at least 40%, 45%, 50%, 55%, 60%, 63%, T0%, 753%, 80%., 85%, B0%, 95%, 98%
or 99% identical to this sequence and (11} ternunates with the amino acid sequence PQG. In
other particalar embodiments, provided herein is a soluble form of haman H-15Ra{cg.. a
purified soluble form of human 1L-15Ra} which has the following amino acid sequence:
ITCPPPMSVE HADIWVESYS LYSRERYICN SGFKRKAGTS SLTECVLNKATNY
AHWTTPS LECIRDPAL VHQRP APPSTY TTAGVTPQPE SLSPSGKEPA
ASSPSSNNTA ATT AAIVPGS QLMPSKSPST GTTEISSHES SHGTPSQTTA
KNWELTASAS HQPPGVY PQG (SEQ 1D NG:29). In some embodiments, provided hercin
is an [L~13Ra denivative (¢.g., a purtfied and/or soluble form of an IL-15Ra denivative},
which is a polypeptide that is at least 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%. 95%, 98% or 99% identical to this sequence, and, optionally, wherein the amino

acid sequence of the soluble form of the IL-15Ra denvative terminates with POQG.

1068%]  In certain embodiments, provided herem s a soluble form of human IE-15Ra (e g, a
purtficd soluble form of human 1L-15Ra), wherein the amino acid sequence of the soluble
form of human TL-15Ra termunates with PQGH (SEQ 1D NG:30), wherein H 1s Hisl71 of
mature haman IL-13Ra. In particular ermbodiments, provided herein is a soluble form of
buman [L-15Ra (e.g., a purificd soluble form of human [L-15Ka) which bas the following
amino acid sequence: MAPRRARGCR TLGLPALLLL LLLRPPATRG ITCPPPMSVE
HADIWVKSYS LYSRERYICN SGFKRKAGTS SLTECVLNKA TNV AHWTTPS
LKCIRDPAL V HORP APPSTV TTAGVTPQPE SLSPSGKEP A ASSPSSNNTA ATT
AAIVPGS QLMPSKSPST GTTEISSHES SHGTPSQTTA KNWELTASAS
HOQPPGVYPQGH (SEQ ID NG:31). In some embodiments, provided herein is a soluble
form of IL-15Ra having a sequence ITCPPPMSVE HADIWVKSYS LYSRERYICN
SGFKRKAGTS SLTECVLNKA TNV AHWTTPS LKCIRDPAL V HORP APPSTY
TTAGVTPQPE SLSPSGKEPA ASSPSSNNTA ATT AATVPGS QLMPSKSPST
GTTEISSHES SHGTPSQTTA KNWELTASAS HQPPGVYPQGH (SEQIDNG:32). In
some embodiments, provided herein is an IL-15Ra denvative {e.g., a punfied and/or soluble
form of an [L-~15Ra dertvative), which is a polypeptide that: {1} s at least 40%, 45%, 50%,
55%., 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99% to a scquence in this

paragraph and (i1} terminates with the amino acid sequence PQGH (SEQ 1D N(:30).
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[B890] In certain embodiments, provided herem is a soluble form of human IE-153Ra{eg., a
purified sohuble form of human IL-15Ra), wherein the amino acid sequence of the soluble
form of human IL-15Ra terminates with PQGHS (SEQ ID NG:33), wherein 5 i3 Serl72 of
mature human IL-15Ra. In particular embodiments, provided herein 1s a soluble form of
5 human IL-15Ra (e g., a purified soluble form of human [L-15Ra) which has the following

amino acid sequence: MAPRRARGCR TLGLPALLLL LLLRPPATRG ITCPPPMSVE
HADIWVKSYS LYSRERYICN SGFKRKAGTS SLTECVLNKA TNVAHWTTPS
LKCIRDP AL V HQRP APPSTV TTAGVTPQPE SLSPSGKEP A ASSPSSNNTA ATT
AAIVPGS QLMPSKSPST GTTEISSHES SHGTPSQTTA KNWEL TASAS

10 HQOPPGVYPQGHS (SEQ ID NO:34). In some embodiments, provided herein is an 1L-15Ra
denivative (¢.g., a purified and/or soluble form of an 1L-15Ra derivative}, whichis a
polvpeptide that: (1) is at least 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
85%, 98% or 99% identical to this sequence; and (1) termunates with the amino acid sequence
PQGHS (SEQ ID NO:33). In other particular embodiments, provided herein is a soluble form

15 ofbuman IL-15Ra{e.g., a purified soluble form of buman IL-~13Ra) which has the following
amino acid sequence: ITCPPPMSVE HADIWVKSYS LYSRERYICN SGFKRKAGTS
SLTECVLNKA TNV AHWTTPS LKCIRDPAL V HQRP APPSTYV TTAGVTPQPE
SLSPSGKEP A ASSPSSNNTA ATT AAIVPGS QLMPSKSPST GTTEISSHES
SHGTPSQTTA KNWELTASAS HQPPGVYPQGHS (SEQ ID NG:35). In some

28 embodiments, provided herein i3 an IL-15Ra derivative {e.g., a purified and/or soluble form
of an IL-15Ra dertvative), which is a polypeptide that: {1} is at least 409%, 45%, 50%. 55%,
60%, 65%., 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99% identical to 1o this sequence and

(i) terminates with the amino acid sequence PQGHS (SEQ 1D NG:33),

[6691]  In certain embodiments, provided herem is a soluble form of human IL-15Ra(eg.. a

25 purified soluble form of human IL-15Ra), wherein the amino acid sequence of the soluble
form of human 1L-15Ra terminates with PQGHSD (SEQ 1D N{O:36), wherein D 15 Aspl73 of
mature human IL-15Ra. In particular embodiments, provided herein is a soluble form of
buman [L-15Ra (e.g., a purificd soluble form of human [L-15Ka) which bas the following
amino acid sequence: MAPRRARGCR TLGEPALLLL LLLRPPATRG ITCPPPMSVE

30 HADIWVKSYS LYSRERYION SGFKRKAGTS SLTECVLNKA TNVAHWTTPS
LECIRDP AL V HQRP APPSTV TTAGVTPQPE SLSPSGKEP A ASSPSSNNTA ATT
AATVPGS QLMPSKSPST GTTEISSHES SHGTPSQTTA KNWEL TASAS
HOPPGVYPQGHSD (SEQ 1D NO:37). In some embodiments, provided herein 1s an 11~

15Ra derivative {¢.g., a purified and/or solubie form of an IL-15Ra derivative), which is a

26
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polypeptide that: (1) is at least 40%, 43%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, 98% or 99% identical to this sequence; and (1) torminates with the amino acid sequence
POGHSD (SEQ ID NO:38). In other particular embodiments, provided herein is a soluble
form of buman IL-15Ra {e.g , a purified soluble form of buman {L.-13Ra) which has the
following amino acid sequence: ITCPPPMSVE HADIWVKSYS LYSRERYICN
SGFKREKAGTS SLTECVLNKA TNV AHWTTPS LKCIRDPAL V HORP APPSTV
TTAGVTPQPE SLSPSGKEP A ASSPSSNNTA ATT AAIVPGS QLMPSKSPST
GTTEISSHES SHGTPSQTTA KNWELTASAS HOQPPGVYPQGHSD (SEQ ID NG:38). In
some embodiments, provided herein 15 an IL-15Ra denvative {e.g., a purified and/or soluble
form of an IL-15Ra derivative), which is a polypeptide that: {i} is at least 409%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 0%, 33%. 90%, 95%, 98% or 99% identical to this sequence

and(i1) terminates with the anuno acid sequence PQUGHSD (SEQ 1D NG:36).

[6692] In certain embodiments, provided herein is a soluble form of human I1-15Ra{cg., a
purified soluble form of human IL-15Ra}, wherem the amino acid sequence of the soluble
form of human IL-15Ra terminates with PQGHSDT (SEQ 1D NO:393, wherein Tis Thr174
of mature human [L-15Ra. In particular cmbodiments, provided herein is a soluble form of
human [L-15Ra (¢ g., a purified soluble form of human [L.-15Ra) which has the following
amino acid sequence: MAPRRARGCR TLGLPALLLL LLLRPPATRG ITCPPPMSVE
HADIWVKSYS LY SRERYICN SGFKREKAGTS SLTECVLNKA TNVAHWTTPS
LKCIRDP AL ¥V HQRP APPSTV TTAGVTPQPE SLSPSGKEPA ASSPSSNNTA
ATTAAIVPGS QLMPSKSPST GTTEISSHES SHGTPSQTTA KNWEL TASAS
HOPPGVYPQGHSDT (SEQ 1D NG:40). In some embodiments, provided herem s an 1L~
15Ra derivative {¢.g., a purified and/or soluble form of an 1L-15Ra dertvative}, whichisa
poiwpcp‘adg that: (1} 1s at least 40%, 45%, 50%, 35%, 60%, 65%, 70%, 753%, 80%, 85%, 90%,

Y%, 98% or 99% identical to this sequence; and (11) terminates with the amino acid sequence
PQGHSDT (SEQ 1D NG:39). In other particular embodiments, provided herein is a soluble
form of human 1L-15Ra {c.g., a purified soluble form of human 1L-15Ra) which has the
following amino acid sequence: {TCPPPMSVE HADIWVKSYS LYSRERYICN
SGFKRKAGTS SLTECVLNKA TNV AHWTTPS LKCIRDPAL V HQRP
APPSTVTTAGVTPQPE SLSPSGKEP A ASSPSSNNTA ATTAAIVPGS
QLMPSKSPSTGTTEISSHES SHGTPSQTTA KNWELTASAS HQPPGVYPQGHSDT
(SEQ ID NG: 41). In some embodiments, provided herein is an IL-15Ra denvative {e.g., a
purtfied and/or solable form of an [L-15Ra derivative), which is a polvpeptide that: (i) 1s at
least 40%, 45%, 50%, 55%, 60%, 63%, 70%, 75%, 80%, 85%, 90%. 95%, 98% or 99%
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wdentical to this sequence; and (11} termunates with the amino acid sequence PQGHSDT (SEQ

ID NO:39).

[6693] In certain embodiments, provided herem is a soluble form of human IL-15Ra(eg.. a
purtfied soluble form of human IL-15Ra), wherem the anuno acid sequence of the soluble
form of human 1L-15Ra terminates with POQGHSDTT (SEQ 1D N(O:42), wherein T is Thel75
of mature human [L.-15Ra. In particular embodiments, provided herein is a soluble form of
human IL-15Ra (¢.g.. a purified soluble form of human IL-15Ra) which has the following
amino acid sequence: MAPRRARGCR TLGEPALLLL LLLRPPATRG ITCPPPMSVE
HADIWVEKSYS LYSRERYICN SGFKRKAGTS SLTECVLNKA TNVAHWTIPS
LECIRDP AL V HQRP APPSTV TTAGVTPQPE SLSPSGKEP A ASSPSSNNTAATT
AAIVPGS QLMPSKSPST GTTEISSHES SHGTPSQTTA KNWEL
TASASHOPPGVYPOQGHSDTT (SEQ 1D NG:26). In some embodiments, provided hersin is
an 1L-15Ra denvative (e.g., a purified and/or soluble form of an 1L-15Ra derivative), which
is a polypeptide that: (1) s at least 40%, 45%, 50%, 53%, 60%, 65%, 70%, 75%, 80%, 85%,
G0%, 95%, 98% or 99% identical to this sequence; and (i1} terminates with the amino acid
sequence POGHSDTT (SEQ 1D NO:42). In other particular embodiments, provided herein is
a soluble form of human IL-15Ra (e g, a purified soluble form of buman IL-~13Ra} which has
the tollowing amino acid sequence: ITCPPPMSVE HADIWVESYS LYSRERYICN
SGFKRKAGTS SLTECVLNKA TNV AHWTTPS LKCIRDPAL V HORP
APPSTVTTAGVTPQPE SLSPSGKEP A ASSPSSNNTA ATT AAIVPGS
QLMPSKSPSTGTTEISSHES SHGTPSQTTA KNWELTASAS HOPPGVYPQGHSDTT
(SEQ 1D NG:43), In some embodiments, provided herein is an IL-15Ra denvative (e.g., a
purified and/or soluble form of an 1L-15Ra derivative), which is a polypeptide that: (1} is at
least 40%, 45%, 50%, 553%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%
identical to this sequence; and (1) terminates with the amino acid sequence PQGHSDTT

(SEQ ID NO:42).

[3094] In some embodiments, provided herein 1s an [L-15Ra denvative of naturally
occurring human [L-135Ra, wherein the 1L-15Ra denivative is soluble and: (a) the last amino
acids at the C-terminal end of the 1L-15Ra derivative consist of amino acid residues
PQGHSDTT (SEG 1D NO:42), wherein T is at the C~terminal end of the amino acid
sequence; (b) the last amino acids at the C-terninal end of the IL-15Ra dernivative consist of
amino acid residues POQGHSDT (SEQ 1D NO:39), wherein Tig at the C-terminal end of the
amino acid sequence; (¢} the last aming acids at the C-ternunal end of the H.-15Ra denvative

consist of anino acid residucs PQGHSD (SEQ 1D NO:36), wherein D s at the C-terninal
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end of the ammo acid sequence; (d) the last amino acids at the C-terminal end of the 1L-15Ra
denvative consist of amino acid residues PQGHS (SEQ 1D N{O:33), wheremn S 1s at the C-
terminal end of the amine acid sequence; or {¢} the last amino acids at the C-terminal end of
the IL-15Ka derivative consist of anuno acid residues POGH (SEQ 1D NO:30), wherein H 1s
at the C-termimal end of the ammo acid sequence. In some embodiments, provided herein is
an [L-15Ra derivative of a naturally occurring human IL-15Ra, wherein the IL-15Ra
derivative: is soluble and terminates with the amino acid sequence PQG, wherein G 1s at the
C-terninal end of the amino acid sequence of the 1L-15Ra denvative. In some embodiments,

these TL-15Ra denvatives are purified.

[6695]  Additional 1L-15Ra derivative are described in W02016/018920, cach of which 1s
imcorporated by referenced herem. Such T~ 15Ra denvatives mclude those in which the
cleavage site for an endogenous protease that cleaves native 1L-15Ra has been mutated, and

various forms of glvcosylated 1E.-15Ra.
fL-15

[66961 1L-15 contaned m an IL-15/1L-15Ra complex administered n accordance with the
present mmvention may be any mammalian IL-15, but is preferably human IL-15. Human IL-
15 sequences are known, supra. HL-15 administered as a component of hetll.-15 comprises
the mature protein, e.g., mature native human [L-15:
NWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSCKVTAMKCFLLELQVISLESGDAS
IHDTVENLHLANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFVHIVOMFINTS (SEQ
1D NG:44). Mature 1L-15 can be produced using a variety of methods, including, but not
fumited to, those described m WO201 1/020047, WO2007084342, and W(2016/018920, each

of which is incorporated by reference.
Therapeutic agents

10697} The IL-15 dose escalation treatment regimens as described hercin comprise
administration of 1L-13 as an TL-15/IL-15Ra complex. Such complexes bind to the By
subunits of the 1L-13 receptor, induce 1L-15 signal transduction {c.g., Jak/Stat signal
transduction) and enhance [L-1S-mediated immune function, wherein the complexes comprise
IL-15 covalently or noncovalently bound to interleukim-15 receptor alpha ("IL-15Ra"} ("IL-
15/iL-15Ra complexes").

16098] The IL-15/1L-15Ra complexes may be composed of native 1L-15 or an [L-15

denvative and native 1L-15Ra or an 1L-13Ra denvative. In certain embodiments, an IL-
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15/1L.~15Ra complex comprises native 1L-15 or an IL-15 derivative and an HL.-15Ra described
herein. In a specific embodiment, an IL-15/1L-15Ra complex comprises native 1L-15 or an
1E-15 dernvative and IL-15Ra with the amino acid sequence of SEQ 1D NOS:29, 32, 35, 38,
4%, or 43, in another crubodiment, an §L-15/1L-15Ra complex comprises native 1L-15 or an

IE-15 denvative and a glycosviated form of HL~15Ra.

[6099]  In a specific embodiment, an H.-15/1L-15Ra complex comprises native I1L-15 or an
IE~15Ra denvative and native soluble IL-15Ra {e.g., native soluble human {L-15Ra}. In
another specific embodiment, an 1L-15/1L-15Ra complex comprises native IL-15 and native
soluble H.-15Ra. In another specific embodiment, an [L-15/1L-15Ra complex is composed of
an {1L.-15 denvative and an 1L-15Ra denvative. In another embodiment, an 1L-15/11L-15Ra
complex s composed of native [L-15 and an IL-15Ra derivative. In one embodiment, the IL-
15Ra denivative 15 a sohuble form of 1L-15Ra. Specific examples of soluble forms of IL-15Ra
are described herein. In a specific crnbodiment, the soluble form of 1L-15Ka lacks the
transmembrane domaim of native HL-15Ra, and optionally, the intracellular domain of native
IL-15Ra. In another embodiment, the H.-15Ra denivative 1s the extracelular domain of native
1E.-15Ra or a fragment thereof. In certain embodiments, the 1L-15Ra derivative is a fragment
of the extracellular domain comprising the sushi domamn or cxon 2 of native 1L-15Ra. In
some embodiments, the IL-15Ra denvative comprises a fragment of the extracellular domain
comprising the susht domain or ex on 2 of native 1L-15Ra and at least one amino acid that is
encoded by ex on 3. In certain embodiments, the 1L-15Ra denvative comprises a fragment of
the extracellular domam comprising the sushi domain or exon 2 of native IL-15Ra and an 1L-
15Ra hinge region or a fragment thereof. In certamn embodiments, the 1L-15Ra comprises the
amino acid sequence ofan 1L-15ra sequence described herein. in certain embodiments, the

{L-15Ra 1s the native soluble human {L-15Ra.

(0108}  In another embodiment, the IL-15Ra derivahive comprises a mutation in the
extracellular domain cleavage site that inhibiis cleavage by an endogenous protease that
cleaves native IL-15Ra. As discussed in Section 5.1, supra, the extracellular cleavage site of
native [L-15Ra has been wdentified. In a specific embodiment, the extracelhular domam
cleavage site of 1L-15Ra is replaced with a cleavage site that is recognized and cleaved by a
heterologous known protease. Non-limiting examples of such heterologous protease cleavage
sites include Arg-X-X-Arg , which is recognized and cleaved by furn protease; and A-B-Pro-
Arg-X-Y (A and B are hydrophobic amino acids, and X and Y are nonacidic amingo acids)

and Gly-Arg-Gly, which are recognized and cleaved by thrombin protease.
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[3101] In a specific embodiment, the IL-13Ra 1s encoded by a nucleic acid sequence
optimized to enhance expression of [L-15Ra, ¢.g., using methods as deseribed in U5,
Provisional Application No. 60/812,566, filed on June 9, 2006, International Patent
Application Publication Nos. WO 2007/084342 and WO 2010/020047; and U S, Patent Nos.
5,965,726; 6,174,666; 6,291,664, 6 414,132, and 6,794,498, which are mcorporated by
refergnce herein in their entiretics.  In ancther embodiment, the IL-15 15 encoded by a nucleic
actd sequence optimized to enhance expression of 11-15, e.g., using methods as described in
U.S. Provisional Application Nos. 60/812,366, filed on June 9, 2006 and 60/758,819, filed on
Janoary 13, 2006, and International Patent Application Pablication Nos. WO 2007/084342
and WO 2010/020047; and U.S. Patent Nos. 5,965,726; 6,174,666, 6,291,664, 6,414,132, and

6, 794,498, which arc incorporated by reference herein in their entiretics.

(6102} In addition to 1L-15 and H.-15Ra, the HL-15/IL-15Ra complexes may comprise a
heterologous molecule, such as an antigen associated with a discase that one intends to
prevent treat and/or manage. Non-hmiting examples of viral, bactenial, parasitic, and cancer
antigens are described 1n WO 2016/018920, which examples are incorporated by referenced
herein. In other embodiments, the heterologous molecule is an antibody that specifically
binds to an antigen associated with a discase that one intends to prevent, treat and/or manage
{c.g., an antibody that specifically binds to a viral antigen, bacterial antigen, parasitic antigen,
or cancer antigen). Non-limiting examples are described in WO2016 018920, which
cxamples are incorporated by referenced herein. In some embodiments, the heterologous
molecule increases protein stability. Non-limiting examples of such molecules include
polyethylene glycol (PEG), Fe domain of an IgQ immunoglobulin or a fragment thereof, or
albumin that increase the half-life of IL-15 or IL-15Ra in vivo. In certain embodiments, fL-
15Ra is conjugated/fused to the Fo domain of an immunoglobulin{c.g., an igG 1) ora
fragment thereof. In certain embodiments, the heterologous molecule 15 not an Fe domamn of

an immmanoglobulin molecule or a fragment thereof.

[3103] In those IL-~15/1L-15Ra complexes comprising a heterologous molecule, the
heterclogous molecule may be conjugated to IL-15 and/or IL-15Ra. In one embodiment, the
heterologous molecule is conjugated to 1L-15Ra. In another embodiment, the heterologous

molecule s conjugated to 1L-15.

{6104] The components of an [L-15/1L-15Ra complex may be directly fused. using either
non-~covalent bonds or covalent bonds {¢.g., by combining amino acid sequences via peptide
bonds}, and/or may be combined using one or more linkers. In a specific embodiment, I1-15
and JL-15Ra are directly fused to each other using either non-covalent bonds or covalent
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bonds (.2, by combining amino acid sequences via peptide bonds), and/or may be combined
using one or more linkers. In specific embodiments, a polypeptide comprising H-15 and 1L~
15Ra directly fused to each other using cither non-covalent bonds or covalent bonds 1s
functional (c.g., capable of specifically binding to the 1L-15Ro complex and inducing 1L-15-
mediated signal transduction and/or IL-15-mediated tmmune function). Linkers suitablefor
preparing the [L-15/1L-15Ra complexes comprise peptides, alkyl groups, chemically
substituted alkyl groups, polymers, or any other covalentlv-bonded or non-covalently bonded
chemical substance capable of binding together two or more components. Polymer linkers
comprise any polvimers known in the art, including PEG. In some embodiments, the linker is
apeptidethatis 1,2,3,4,5,6,7,8,9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20 or more amino
acids long. In a specific ecmbodiment, the linker is long enough to preserve the ability of [L-
15 to bind to the H.-15Ra. In other embodiments, the hinker is long enough to preserve the
ability of the 1L-15/1L~-15Ra complex to bind to the By receptor complex and to act as an
agonist to mediate 1L.-15 signal transduction. In a specific embodiment, the IL-15/1L-15Ra
complex is a fusion protein, such as RLI and ILR, disclosed m U.S. Patent Application

Publication No. 2009/0238791 and Mortier et al., 2006, J. Biol. Chern. 281(3):1612-9.

16105]  In particular emboduments, [L-15/11-15Ra complexes are pre-coupled prior to use in
the methods described herein {(e.g., prior to contacting cells with the IL-15/IL-15Ra
complexes or prior to adnunistening the 1L-15/1.-15Ra complexes to a subject). In other
crobodiments, the IL-15/11-15Ra complexes are not pre-coupled prior to use o the methods
described herein. In specitic embodiments, the [L-15/IL-15Ra complex 1s administered in
combination with a vaccine composition to enhance the immune response elicited by the
adnunistration of the vaceine composition 1o a subject. In a specific embodiment, a
therapeutic agent comprsing [L.-15 and f.~-15Ra directly fused to each other s admunistered
i combination with a vaccine composition to enhance an immune response elicited by

administration of the vaccine composition to a subject.

[3106] In a specific embodiment, a therapeutic agent comprising [L-15 and 1L-15Ra
enhances or induces immune function in a subject by at least 99%, at least 95%, at least 90%,
at least 85%, at least 80%, at least 75%, at least 70%. at least 60%, at least 50%, at least 45%,
at feast 40%, at least 453%, at least 35%, at least 30%., at least 25%, at least 209%, or at least
10% relative to the immune fimetion in a subject not administered the therapeutic agent using
assayvs well known in the ait, e.g.. ELISPOT, ELISA, and cell proliferation assays. Ina
specific embodiment, the tmmune function is cytokine release (¢.g., interferon-gamma, 1L-2,

IE-5, TE-10, H~12, or transforming growth factor (TGF)-beta). In one embodiment, the 1L-15
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mediated immune function 1s NK cell profiferation, which can be assaved, ¢.g., by flow
cytometry to detect the number of cells expressing markers of NK cells (e.g., CD36). In
another embodiment, the IL-15 mediated immune function is antibody production, which can
be assayed, ¢.g., by ELISA. In some embodiments, the IL-135 mediated tmmune function is
cftector function, which can be assaved, e.g., by a cvtotoxicity assay or other assays well

known in the art.

[3187]  In specific embodiments, examples of immune function enhanced by a therapeutic
agent comprising [L-15/L-135Ra include the proliferation/ expansion of lymphoeytes (e.g.,
increase in the number of lvmphocytes), inhibition of apoptosis of lymphocytes, activation of
dendritic cells {or antigen presenting cells), and antigen presentation. In particular
embodiments, an immune function enhanced by the therapeutic agent is
proliferation/expansion in the number of or activation of CB4 + T cells, CD8+ T cells (e.g.,
cytotoxic T lymphocytes, alpha/beta T cells, and gamma/delta T cells), memory T cells,
dendritic cells (immature or mature), antigen presenting cells, macrophages, mast cells,
tamor-resident T cells, CD122+ T celis, or natural killer cells (INK cells). In one embodiment,
the therapeutic agent enhances the proliferation/expansion or number of lymphocyie
progenitors. In some embodiments, a therapeutic agent increases the number of CD4+ T celis
CD8+ T cells (e.g., cytotoxic T lvmphocytes, alpha/beta T cells, and gamma/delta T cells),
memory T cells, dendritic cells (immature or mature}, antigen presenting cells, macrophages,
mast cells, tumor-resident T cells, CDI22+ T cells, or natural killer cells (NK cells) by
approxamately 1 fold, 2 fold, 3 fold, 4 told, 5 fold, 6 fold, 7 fold, 8 fold, 9 fold, 10 fold, 20
fold, or more relative a negative control {e.g., number of the respective cells not treated,
cultured, or contacted with a therapeutic agent). In specific embodiments, examples of
mmune function enhanced by a therapeutic agent comprising [L-15/1L-15Ra include homing
of fymphocyvies to tissues of interest mcluding but not linuted to tumor sites, lvmph nodes gut

tymphoid tissue.

[3308] [L-15 and IL~-15Ra can be expressed and produced as described in
WQ2016/018920, which sequences, constructs, expression methods, and host cells are

mcorporated by reference herem.

[0109] The nucleic acid construct(s) encoding 11.-15 and/or IL-15Ra can be admunistered in
vivo to a mammal or transfected into prnimary or immortalized cells in culture. Such a nucleic
acid construct(s) can be used to enhance 1L-15~-mediated function and/or to prevent, treat
and/or manage a disease in which enhancement of IL~15-mediated function 1s beneficial,
such as the diseases described hersin. The nucleic acid constructs comprising nucleic acids
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encoding [L-15 and/or 1L-15Ra can be used to generate cells that express [L-15 and/or L~
15Ra. In some embodiments, the cells are primary cells {e.g., tumor cells 1solated from a

patient}. In other embodiments, the cells are mammalian cell lines.

[0118] The host cells chosen for expression of nucleic acids will depend upon the intended
use of the cells. Factors such as whether a cell glycosylates similar to cells that endogenousty

cxpress, e.g., IL-15 and/or HL.-15Ra, may be considered in sclecting the host cells.

{6111} In one embodiment, cell lines are engincered to express both 1L-15 and soluble iL-
13Ra, and the purniticd stable heterodimer of the HL.-15 and soluble 1L.-15Ra, which can be
used in vitro or in vivo, ¢.g., can be administered to a human. In certain embodiments, cell
lines are engineered to express both native human IL-15 and native human 1L-15Ra, and the
stable heterodimer of native human 1L-15 and native soluble human IL-15Ra which s formed
can be purnfied, and this purified heterodimer can be used be administered to a human. In one
embodiment, the stability of 1L-15 15 mncreased when produced from cell lines recombinantly

expressing both IL-13 and 1L-15Ra.

16112] In a specific embodiment, the host cell recombinantly expresses IL-13 and the full-
length IL-15Ra. In another specific embodiment, the host cell recombinantly expresses IL-15
and the soluble form of 1L-15Ra. In another specific embodiment, the host cell recombinantly
expresses {L-15 and a membrance-bound form of 1L-15Ra which is not cleaved from the
surface of the cell and remains cell associated. In some embodiments, the host cell
recombinantly expressing [L-15 and/or 1L-15Ra (full-length or soluble form) also

recombimantly expresses another polypeptide {¢.g., a cytokine or fragment thereof).

{0113} The host cells can be used to produce IL-15 and/or IL-15Ra. The recombinant
porteing can be purntfied by any technigue. In some embodiments, I1L-15 and [L-15Ra are
synthesized or recombinantly expressed by different cells and subsequently isolated and
combined to form an [L-15/1L-15Ra complex, in virro, prior to administration to a subject. In
other embodiments, 1L-15 and H.-15Ra are synthesized or recombinantly expressed by
difterent cells and subsequently isolated and simultancously administered to a subject an 1L~
15/1L-15Ra complex in sifu or in vivo. In yet other embodiments, 1E-15 and IL-15Ra are
synthesized or expressed together by the same cell, and the IL-15/IL-15Ra complex formed 1s

isolated.
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Therapeutic Compositions

[6114] Provided herein are compositions comprising the therapeutic agents comprising 1L-
15 and IL~-15Ra. The compositions include bulk drug compositions useful 1n the manufacture
of pharmaceutical compositions {e.g., impure or nonsterile compositions) and pharmaceutical
compaositions (1.¢., compositions that are suitable for administration to a subject or patient)
which can be used in the proparation of unit dosage forms. The compositions (¢.g.,
pharmaceutical compositions) comprise an effective amount of a therapeutic agent or a
combination of therapeutic agents and a pharmaceutically acceptable carrier. In specific
embodiments, the compositions {¢.g., pharmaceutical compositions} comprise an effective
amount of one or more therapeutic agents and pharmaccutically acceptable carrier. In some
cmbodiments, the composition further comprises an additional therapeutic agent, incloding,
but not limited to, e.g., anti-cancer agent, anti-viral agent, anti-inflammatory agent, vacoine,

or adjuvant.

[3115]  In aspecific embodiment, the term “pharmaceutically acceptable” means approved
by a regulatory agency of the Federal or a state government or listed in the U 5.
Pharmacopeia or other generally recognized pharmacopeia for use in animals, and more
particularly in humans. The term "carrier” refers to a diluent, adjuvant (e.g., Freund'’s
adjuvant {complete and mcompleie} or, more preferably, MF39C | adjuvant available from
Chiron, Emervville, CA), excipicnt, or vehicle with which the therapeutic 1s administered.
Such pharmaceutical carmers can be sterile liquuds, such as water and oils, inciuding those of
petroleum, animal, vegetable or synthetic origin, such as peanut 1], soybean oil, mineral ¢il,
sesame o1l and the like. In one embodiment, water is a carrier when the phammaceutical
composition is administered intravenously. Saline solutions and agueous dextrose and
glveerol solutions can also be emploved as hiquid carriers, particularlv for injectable
solutions. Suitable pharmaceutical excipients inclade starch, ghicose, lactose, sucrose,
gelating, malt, rice, flour, chalk, silica gel, sodium stearate, glyvcerol monostearate, talc,
sodium chionde, dried skam mulk, glycerol, propviene, glveol, water, ethanol and the like.
The composttion, if desired, can also contain minor amounts of wetting or emulsifving
agents, or pH buffering agents. These compositions can take the form of solutions,
suspensions, emulsion, tablets, pills, capsules, powders, sustained-release formulations and

the hike.

{3116} Pharmaceutical compositions may be formulated in any conventional manner using

ong or more pharmaceutically acceptable carmiers or excipients. Tn a specific embodiment, a
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therapeutic agent 1s administered 1o a subject 1n accordance with the methods describe

herein 1s administered as a pharmaceutical composition.

16117] Generally, the components of the pharmaceutical compositions comprising
therapeutic agents comprising [E-15 and IL-15Ra as described herein are supplied either
separately or mixed together in unit dosage form, for example, as a drv lvophilized powder or
water free concentrate in a hermetically sealed container such as an ampoule or sachette
indicating the guantity of active agent. Where the therapeutic agent is to be administered by
mfusion, it can be dispensed with an infusion bottle containing stenle pharmaceutical grade
water or saline {e.g., PBS). Where the therapeoutic agent is administered by injection, an
ampoule of sterile water for injection or saline can be provided so that the ingredients may be

mixed prior to administration.

{6118} In somc embodiments, therapeutic agents comprising 1L-15 and IL-15Ra may be
formulated for administration by any method known to one of skill in the art, including but
not himited to, parenteral (¢ g, subcutancous, miravenous, intraperitoneal, or intramuscular)
and mtratumoral administration. In one embodiment, the therapeutic agents are formulated
for local or systemic parenteral admimstration. In a specific embodiment, the therapeutic
agents are formulated for subcutaneous, intraperiotoneal, or mtravenous administration. In
one embodiment, the therapeutic agents are formulated in a pharmaceutically compatible

solution.

10219} The therapeutic ageunts can be formulated for parenteral administration by injection,
¢.g., by bolus injection or continuous mfusion. Formmulations for mjection may be presented
in umit dosage form, e.g., in armpoules or in multi-dose containers, with an added prescrvative.
The compositions may take such forms as suspensions, solutions or emuldsions in oily or
aqueous vehicles, and may contain formulatory agents such as suspending, stabilizing and/or
dispersing agents. Alternatively, the active mgredicnt (i.¢., therapeutic agent) may be in
powder form for constitution with a suitable vehicle, e.g., stenle pyrogen-tree water, before

use.
Pose Escalation Regimens for Prophylactic and Therapeutic Uses

[3120] In one aspect, provided herein are methods for enhancing {L-15-mediated immune
function, comprising administering to a subject agents that induce L.-15 signal transduction
and enhance IL-15-mediated immaone function in a dose eacalation regimen. More
specifically, provided herein are methods for enhancing H.~-15-mediated immune function,

comprising administering to subjects in a dose escalation regimen complexes that bind to the
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By sabunits of the IL-13 receptor, induce 1L-15 signal transduction and enhance [L-15-
mediated immune function, wherein the complexes comprise 1L~-13 covalently or
noncovalently bound to IL-15Ra {referred to hergin as "IL- 15/1L-15Ra complexes™). Since
enhancing [L-15-mediated mmmune function is beneficial for the prevention, treatment and/or
management of certain disorders, such as lymphopenia, cancer, and infectious diseases,
provided herein are methods for the prevention, treatment and/or management of such
disorders comprising administering to a subject in need thereof 1L-15/1L-15Ra complexes in
a dose escalation regimen. Further, provided berein are methods for eradicating or reducing
HIV i HiV-nfected cells in a subject comprising admunistering to a subject i need thereof

IE-15/1L-15Ra complexes in a dose cacalation regimen.

[3G121} In one aspect of the mvention, provided herein 1s a method for preventing, treating
and/or managing disorders in a subject, wherein enhancement of IL-15-mediated immune
function is beneficial for the prevention, treatment and/or management of such disorders, the
method comprising {a) administering at least one mitial low dose of an 1L-15/[1.-15Ra
complex to a subject; and (b) adnunistering successively higher doses of the 1L~15/1L-15Ra
complex to the subject to achieve an effective ratio of IL-13 to lymphocvie cell number. In
certain aspects of the present invention, the successively higher doses follow a Fibonacci
sequence, which, not to be bound by theory, is in order to avoid accumulation of excess
cviokine that may occur upon repeated njections while providing sufficient cviokine for
lymphocyie growth and maintenance. Thus, in some embodiments, provided herein is a
method for preventing, treating and/or managing lymphocytopenia, cancer or an infoctious
disease, e.g., HIV, n a subject, method comprising {a} adounistering at least one mitial low
dose of an IL-15/1L-15Ra complex to the subject; and (b} administering successively higher
doses of the 1L-15/1L~15Ra complex 1o the subject to achieve an ¢ffective ratic of {L-15 10
tymphocvie cell number, wherein the successively higher doses follow a Fibonacct sequence.
In another specific embodiment, provided herein is a method for eradicating or reducing HIV
in HiV-infected cells in a subject, the method comprising (a) administering at least one minial
low dose of an H.-15/1L-15Ra complex to the subject; and {b) administering successively
higher doses of the HL~15/1L-15Ra complex to the subject achicve an effective ratio of 1L-15
to lvmphocyte cell number, wherein the successively higher doses follow a Fibonacet
sequence. In a particular embodiment, the subject is a human subject.

(0122} In aspecific embodiment, the tnitial dose of IL-15/IL-15Ra is about 0.5 ug/ke. The
subsequent doses are 1 ug/kg, 2 po/ke, 4 ug/ke, 8 ug/ke, and 16 pe/keg; or the mutial dose
may be about 1 pg/ke and subsequent doses are 2 pg/ke, 4 ug/kg, 8 ug/ke, 16 ug/kg, and 32
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ug’kg. Thus, in some embodiments, the dose doubles over an mjection series. For example,

atwo-week series of six subcutaneous injections {e.g., MWFMWF):

In some embodiments, the doses are administered intravenously.

{3123} Not to be bound by theory, but in macaques the “rate of use” of hetlb-15 upon
subcutancous injection using a doubling-the-dose protocol results in excess hetllL-15
plasma at the nadir ime point (before the next mjection). In humans, application of
alternative dose escalation schemes in subsequent doses aims to maximize hetlb-15

availabifity to Ivmphocytes and munimize side effects associated with free excess hetfi-15.

(0124} Reference to hetIL-15 15 indicative of one form of 1L-15/1L.-135Ra molecules but
similar principles apply and for any other forms of IL-15/1L-15Ra either covalently or non-

covalently linked. These forms are inchuded in the concept and nwst be covered i the claims.

10125} For humans, a dos¢ esealation based on a Fibonacct sequence dose escalation can be
employed. Thus, for example, an nitial dose may be about 0.5 ug/kg to about 5 ug/kg as
determined based on the mass of hetil-15, e.g., 1 ug/kg. Subsequent dosages are then
admimstered based on a Fibonacci sequence, e.g., 3 ug/kg, 5 pg/ke, 8 ug/kg, and 13 pg/ke.
In some embodiments, an inttial dose may be about 2 pg/kg (as determined based on the mass
of hetlL~-15) and subsequent doses are 3 ug/'ke, 5 ug/ks, 8 ugke, 13 ug/keg, and 21 pa/ke.

For example, a two-week series of six subcutancous injections (MWEFMWE) :

i 2 3 5 8 i3
2 3 3 g 13 21

In a second example, the above six subcutancous injections can be administered in 3 week
regimen, £.2., every 3 or 4 davs (MThMThMTh), In some embodiments, disease are

administered intravenously.

[6126] In some embodiments, hetil~15 may be administered as a two-week series of four
subcutangous injections {e.g, MThMTh). For example, the following amounts (pg/kg) may

be adminstered subcutaneously:

i 2 4 8
2 4 & I6
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Z 3 3 3
3 3 3 i3
2 3 13 34

In some embodiments, doses are administered intravenously.

16127} In some embodiment, the initial low dose is in the range of 0.5 ug/kg to 3 ugke, as
determined based on the mass of hetlL-15, and subsequent doses are increased based on a
Fibonacet sequence. fn some embodiment, the initial low dose is in the range of 0.1 pg/ke to
5 uglkg, as determined based on the mass of hetli-15, and subsequent doses are increased
based on a Fibonacci sequence. In some embodiment, the nitial low dose 1s in the range of
0.1 ug/kg to 1 ug/kg, as determined based on the mass of hetfL-15, and subsequent doses are
imncreased based on a Fibonacci sequence. In another embodiment, the inttial low dose is
about 0.1 pgfe as determined based on the mass of hetlE~15. In ancther embodiment, the
mitial low dose is about 0.2 ug/ke, 0.3 ug/ke, 0.4 ne/ke, 0.5 pgke, 0.6 ngke, 6.7 ug/kg, 0.8
ugke, 0.9 pg/ke, 1.0 pg/ke, 1.1 pgike, 1.2 ug/ke, 1.3 ugkeg, 14 ug/kg, 1.5 pg/keg, 1.6 ug/ksg,
L7ug/ke, 18 ugke , 1.9 pa/kg , or 2 ug/ke, and the subsequent disease arc administered
based on a Fibonacci series. In certamn embodiments, the doses mn the dose cscalation are
administered every day, often every 2 days, or 2 to 3 days and in some embodiments, every 4
days or every week.  In some embodiments, the doses are administered over a 1-week or
over a 2-week period. In some embodiments, a subject 1s adnunistered a dose three times per
T-day week {e.g., Monday, Wednesday and Friday). In certain embodiments, the subject is
monttored for ong, two, or more, or all of the following: (1} signs of an enlarged lvmph node(s
}: (1) signs of an eolarged spleen; (i} levels of free 1L-15 1 a sample (e.g., plasma sample)
from the subject; (v} changes (e.g., mcreases) in body temperature; {v) changes (e.g.,

decreases) in blood pressure; {vi) changes {e.g.

g., ncreases) in cvtokines, such as pro-
mflammatory cviokines {e.g., I~ and H.-6} in a sample {¢ g, blocd sample} from the
subject; {vii} elevation of liver enzymes, such as hepatic transaminases (¢.g., alanine
aminotransterase (ALT) or aspartate anunotransferase (AST)); and/or (vitr) adverse events,
such as grade 3 or 4 thrombocytopenia, grade 3 or 4 granudocyiopenia, grade 3 or 4
leukocytosis {White Blood Cell (WBC) > 100,000 mm3), grade 3 or 4 decrgases in WBC,
absolute lvmphocyte count {(ALC) and/or absolute neutrophil count {ANC), lvmaphocytosis

and organ dysfunction {¢.g., hiver or kidney dysfunction). In specific embodiments, the dose
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1s not increased if the trough concentration of free IL-13 m a sample (c.g., plasma sample)
from the subject 1s above 30 pg/ml, 55 pg/ml, 60 pg/ml, 65 pe/ml, 70 pg/ml, 75 pg/ml, 80
pe/ml, 85 pg/ml, 90 pg/mi, 93 pe/mi, or 100 pg/ml. In specific embodiments, the dose s not
mcreased 1f the trough concentration of free 1L-15 1n a sample {¢.g., plasma sample} from the
subject 1s 30 pg/ml to 75 pg/ml, 60 pg/ml to 75 pg/ml, 75 pg/ml 1o 85 pg/mi, 75 pg/ml 1o 100
pg/ml, 85 pg/ml to 100 pg/mi or 50 pg/ml to 100 pg/ml.

[3128] In certain embodiments, the dose is not increased and the dose may remain the
same, be stopped or reduced if the subject experiences adverse events. In some
embodiments, the method further compnises administering a maintenance dose of the -
15/1.-15Ra complex to the subject, wherein the maintenance dose reaches trough levels of
free IL-135 of approxumately 1 pg/ml to approximately 5 pg/ml, approximately 2 pg/ml to
approximately 5 pg/ml, approximately 2 pg/md to approximately 10 pg/mi, approximately 5
pz/ral to approximately 10 pg/ml, approximately 10 pg/mi to approximately 15 pg/al,
approximately 10 pg/ml to approximately 20 pg/ml, approximately 20 pg/mi to
approximately 30 pg/mi, approximately 30 pg/m! to approxamately 40 pg/ml, or
approximately 40 pg/mi to approximately 50 pg/ml. or approximately 5 pg/ml to
approximately 50 pg/ml in a sample (¢ 2., a plasma sample) from the subject. In a specific
embodiment, the mamtenance dose is equal o or less than the hughest dose received by the
subject during the dose escalation phase of the therapeutic regimen which does not result in
ong, two, or more adverse events. In a specific embodiment, the maintenance dose reaches
trough levels of plasma H.-15 that are close to normal levels (approximately 1 pg/ml plasma).
In some embodiments, the maintenance dose 1s 0.1 pg/kg, 0.5 pghke, 1.0 pg/kg, 2 pakg, 3
nglkg. 4 ugke. 5 peke, 6 ugke, 7 ugks. 8 ug/ke, 9 ng/ke. 10 ug/ke, 11 ng/ke. 12 ugke,
B3 pe/ke, 14 pg/ke, 15 ugke, 16 ug/ke, T 7 ug/ke, 18 ug/ke, 19 ug/ks, or a higher
maintenance dose as described in WO2016/018920, which doses are meorporated by
reference berein. In other cmbodiments, the maintenance dose is between 0.1 pgkg to 5
ug’ke 0.1 pg/kg to 10 ug/ke, 2 ug/kg to 5 ug/ke, 2 ug/ks to 10 ug/ke, 5 ug/keg to 10 ug/kg, 5
ug/ke io 15 pg/ke, 10 peke gto 15 ug/ks, 0.1 ug/ke to 20 pa/ke, 15 pgrke to 20 ugikg, 15
ug/kg to 25 yg/kg. In certain embodiments, the same dose of [L-15/1L-15Ra complex 15
administered to the subject continacusly for a certain period of ime {e.g., days, weeks,
months, or years) as the maintenance dose. In other embodiments, the dose of IL-15/1L-15Ra
complex administered to the subject as the maintenance dose 15 gradually decreased so that
the elevated lymphocyies {in number and activation} in the subject gradually return to

physiclogical conditions.
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[3129] In some embodiments, successive doses, e.g., admimistered in a Fibonacei sequence,
are administercd if the concentration of free 1L-15 in a sample (e.g., a plasma sample)
obtained from the subject a certain period of time after the administeation of a dose of the -
15/1.-15Ra complex and betore administration of another dose of the IL-153/1L-15Ra
complex {¢.g., approximately 24 hours to approximately 48 hours, approximately 24 hours to
approximately 36 hours, approximately 24 hours to approximately 72 hours, approximately
48 hours to approximately 72 hours, approximately 36 hours to approximaiely 48 hours, or
approximately 48 hours to 60 hours after the administration of a dose of the [L-15/1L-~15Ra
complex and before the administration of ancther dose of the 1L-15/IL-15Ra complex) is

within normal levels or less than normal levels.

[6138] In specific embodiments, in accordance with the methods described herein, a subject
may be treated using more than one treatment regimen. 1.6., a treatment regimen as described
herein may be preceded or follow by a treatment regimen that varies in the dose and/or
frequency of admunistration. For example, 1n some embodiments, a two-week dose
escalation treatment regimen emploving dosages based on Fibonacet sequence may be
preceded or followed by a different regimen that may mvolve a single dose or for escalating

doses, doses that are doubled or otherwise not based on a Fiboniacct sequence.

(6131} In specific embodiments, the methods described herein are not cyclical in natare. In
other words, in specific embodiments, the methods described herein may not include a
cvclical admnistration regimen, wherein the cycle comprises admimistening a dose of the [~
15/3L-15Ra complex for a certain period of time {e.g., | to 4 weeks) followed by another
period of time when the subject is not administered a dose of the 1L-15/IL-15Ra complex
{c.g.. 1 week to 2 months) and this cycle is repeated any number of times {¢.g, the cvele is

~

repeated 2, 3.4, 5, 6,7, 8,9, 10 or more times).

[3132] In certain embodiments, the 1L-15/11L.-15Ra complex is administered subcutaneously
to a subject in accordance with the methods described herein. In some embodiments, the -
15/1L-15Ra complex 1s administered intravaneously or intramuscularly to a subject in
accordance with the methods described herein. In certain embodiments, the 1IL-15/11-15Ra
complex is admimstered mtratumorally to a subject having a tumor in accordance with the
methods described herein. In some embodiments, the IL-15/IL-15Ra complex is admnistered
locally to a site {e.g., a tumor or site of infection) in a subject in accordance with the methods
described herein. In cortain embodiments, the IL-15/1L-15Ra complex is administered

intrapeniotneally.
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[3133] In accordance with the methods described herein, the [L-15/IL-15Ra complex can
be adminstered to a subject in a pharmaceutical composition. In certain embodiments, the
1E-15/4L-15Ra complex is sole/single agent administered to the subject. In other
cmbodiments, the 1L-15/1L.-15Ra complex is administered in combination with onc or more
other therapies, e.g., antibody that targets a tumor, a checkpoint inhibitor, and the bike.
Combination therapy includes concorrent and saceessive administration of an IL-15/1L-15Ra
complex and another therapy. As used hergin, an 1L-15/1L-15Ra complex and another
therapy are said to be admunistered concurrently if they are administered to the patient on the
same day, for example, simultancously, or 1,2, 3,4, 5, 6, 7, or 8 hours apart. In contrast, the
IE-15/1E-15Ra complex and the therapy are said to be adnunistered successively if they are
admunistered to the patient on the different days, for example, the HL.-15/1L-15Ra complex
and the therapy can be adnunistered at a I-dav, 2-day, 3-day miervals, or 4-day ntervals.
Administration of the IL-15/IL-15Ra complex can precede or follow administration of the
second therapy. When administered simultaneousty, the hetiL-15 and the other therapy can

be in the same pharmaceutical composition or in a ditferent pharmaceutical composition

10134} In specific embodiments, examples of imoune function enhanced by the methods
described herein include the proliferation/ expansion of lymphocyies {¢.g., increase in the
number of lvmphocyies), inhibition of apoptosts of lymphocytes, activation of dendritic
cells(or antigen presenting celis), and antigen presentation. In particular embodiments, an
imoune function enhanced by the methods described herein s proliferation/expansion in the
number of or activation of CD4 + T cells, CD8+ T cells (e.g., cytotoxic T lymphocyies,
alpha/beta T cells, and gamma/delta T cells), memory T cells, dendritic cells (immature or
mature), antigen presenting cclls, macrophages, mast cells, tumor-resident T ¢clis, CD122+T
cells, or natural killer cells (NK cells). In one embodiment, the methods described herein
enhance the proliferation/expansion or number of lvmphocvte progenitors. In some
crbodiments, the methods described herein increases the number of CD4+ T cells, CB8+ T
cells (¢.g., cytotoxic T bymphocvies, alpha/beta T cells, and gamma/delta T cells), memory T
cells, dendritic cells (unmature or mature), antigen presenting cells, macrophages, mast cells,
tumor-resident T eclls, CD122+ T cells, or natural killer cells (NK cells) by approximately 1
fold, 2 fold, 3 fold, 4 fold, 5 fold, 6 fold, 7 fold. 8 fold, 9 fold, 10 fold, 20 fold, or more
relative a negative control (¢.g., number of the respective celis not treated, cultured, or
contacted with a hetfL~15 therapeutic agent). In one embodiment, an immune function
enhanced by the methods described herein is the change in phenotype of T follicular helper

cells (Tth), an important cell type in LN that is persistently infected by HIV/SIV.
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[3135] In some embodiments, the methods described heren enhance or induce immune
function in a subject by at least 0.2 fold, 0.5 fold, .75 fold, 1 fold, 1.5 fold, 2 fold, 2.5 fold, 3
fold, 4 fold, 5 fold, 6 fold, 7 fold, 8 fold 9 fold, or at least 10 fold relative to the immune

function in a subject not administered the hetli-15 using assays well known inthe art, ¢ g,

o

ELI SPOT, ELISA, and cell proliferation assays. In a specific embodiment, the methods

described heremm enhance or induce immune function in a subject by at least 99%, at least

95%, at least 90%, at least 83%, at lcast 80%, at least 75%, at least 70%. at least 60%, at feast

30%, at least 45%, at Icast 40%. at least 45%, at least 3539, at least 30%, at least 25%, at lecast

20%, or at least 10% relative o the immune fuanction in a subject not administered the

10 Therapeutic Agent using assays well known in the art, e.g., ELISPOT, ELISA, and ccll
proliferation assays. In a specitic cmbodiment, the immune function is cytokine release (c.g.,
mierferon~-gamma, 1.2, IL-5, IL-10, [L~12, or transforming growth factor (TGF) -beta). In
one embodiment, the IL-15 mediated immune function 13 NK cell proliferation, which can be
assaved. ¢.g.. by flow cytometry to detect the number of cells expressing markers of NK cells

15 {e.g., CD56). In one embodiment, the 1L-15 mediated invmune function 1s CD8+ T cell
proliferation, which can be assaved, ¢.g., by flow cytometry. In another embodiment, the L~
15 mediated immune function 1s antibody production, which can be assaved, e.g., by ELISA.
In some embodiments, the {L.-15 mediated immune function is effector function, which can
be assaved, ¢.g., by a cviotoxicity assay or other assays. In some embodiments the 1L-15

28 mediated function 1s change of localization and number of CD8 cells, NK cells CD4 cells,
alpha/beta T cells, gammma/delta T cells, B celis {e.g.. plasma cells), memory T cells, memory
B cells, dendritic cells (immature or mature), antigen presenting cells, macrophages, mast
cells, natural killer T celis (NKT cells), tumor-resident T cells, T follicular helper cells,
follicular dendritic cells, or CD122+ T cells from a specific anatomic area such as liver,

25 lvmph node, intestine, or tumor site. Such changes can be detected by histology,

mmunchistochemistry, flow cytometry, bisto-cviometry in vivo imaging, or other methods.

{6136} The effect of one or more doses of one or more 1L-15/1L-15Ra complexes on
peripheral blood lvmaphocvte counts can be monitored/assessed using standard technigues
known to ong of skill in the art. Peripheral blood lymphocytes counts m a mammal can be

30 determined by, ¢.g., obtaining a sample of peripheral blood from said mammal, separating the
lvmphocytes from other components of peripheral blood such as plasma using, ¢.g., Ficoll-
Hypaque (Pharmacia} gradient centrifugation, and counting the lvmphocyies using trypan
blue. Peripheral blood T -cell counts m mammal can be determined by, e.g., separating the

tvmphocyies from other components of peripheral blood such as plasma, labeling the T-celis
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with an antibody directed to aT-cell antigen such as CD3, CD4, and CD8 which 1s conjugated
to FITC or phycoerythrin, and measuring the number of T-cells by FACS. Further, the effect
on a particular subset of T cells (e.g.. CD2+, CB4+, CD&+ CD4+RO+, CDR+RO+,
C4+RA+, or CD8+RA +) or NK cclls can be determined using standard techniques known
to one ot skill in the art such as FACS.

[3137} The plasma levels of [L.-15 can be assessed using standard technigues known to one
ot skill in the art. For example, a plasma can be obtained from a blood sample obtained from

a subject and the levels of IL-15 in the plasma can be measured by ELISA.
Monitoring hetli.-15 response

(6138} In some aspects, the disclosure provides methods of monitoring hetlf-15 response.
This monttoring step can be performed when hetfl~15 is administered for the treatment of a
tumor or a viral infection, such as HIV infection. Monitoring is typically performed routinely

during therapy to measure responsiveness of a patient of IL-15.

[6139] In some embodiments, monitoring s performed by evaluating tissue, blood, plasma
or serum markers indicative of IL-15 function. In some embodiments, levels of Interleukin-
18 {IL-~18) or CXCL13 chemokine levels in the blood of a patient that has received hetlb-15
are measured. CXCL13 levels can be assessed in a blood, plasma, or serum sample using any
methods. Typically, concentrations are measured by immunoassay, CXCL13 or IL-18 levels
are compared to a control, typically levels in the patient prior to hetiL-15 treatment to
determune whether CXCL13 or IL-18 levels increase. Anincrease in HL-18 or CXCLI3 level
is indicative of hetlL-15 response. In some embodiments, the CXCL3 or IL-18 level 1s

compared to a control value from normal mndividuals.

(3140} In some embodiments, CXCL13 biomarker 1s used to test effectivencss of hetfl-15
or to adjust or terminate dosing of hetlL-15. In typical treatment regimens, CXCL13 is
increased in treated patients by at least 10%, 20%, 30%, 40%, 50%, 100%, or greater than
100%, relative to normal blood levels or the levels found in the individual patient pror to
freatment. Normal levels may be, for example, in the order of 30-40 pg/mi as assessed by a
commercially available kit, e.g., a Quantiking kat {R&D Systems) or Thermo Fisher kat,

according to the manafacturer's instructions,

{3141} Serum concentrations of soluble CXCL13 protein can be determined using any
method, for example, commercially available immunoassay kits. For this illustrative assavs,

after development of the enzyme-linked invnunosorbent assay (ELISA) plates, absorbance is
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read at 450 nm. The concentration of CXCL13 in the sera is mterpolated from a standard

curve, which is generated using the respective recombinant protein.

16142] In some embodiments, monitoring is performed by evaluating CXCRS expression
levels on lymphocytes, including T Ivmphocytes or B lvmphoeytes. The B lvmphocytes may
be obtained from lymph nodes, but are conveniently obtained from the blood. CXCRS
expression can be determined using any method. In some embodiments, cell surface CXCRS
expression is evaluated, e.g., by an immunoassay such as flow cytometry, and/or a capture
assay. In some embodiments, CXCRS RNA expression tn B lymphocytes is determined, e.g.,
by quantitative PCR. A decrease in CXCRS level is indicative of hetlL-15 response. In some
embodiments, CXCRS levels are cvaluated in comparison to levels expressed on B
lvmphocytes m the patient prior to hetll-15 treatment. In some embodiments, levels are
determined relative to a normal control value. In some embodiments, CXCRS levels are

determined in conjunction with determining plasma CXCLI13 levels.
Administration of hetlL-15 and conserved element vaccines.

[6143] In some embmodiments, hetil-15 1s adnunistered m conjunciion with a therapeutic
vaccination. An example of a therapeutic vaccine is conserved element vaccine for the
treatment of HIV infection. Administration of one or more polypeptides comprising
conserved clements, separated by non-naturally occurring linkers and collinearly arranged,
from an immaunogen of interest, e.g., a viral antigen such as HIV Gag or HIV Env, can
provide an enhanced mumune response when one or more conserved clement nucleic acid
constructions is administered 1o a subject as a prime followed by co-administration to the
subject of a nucleic acid construct encoding a full-length antigen, or substantially a full-
length antigen, with the conserved clement construct(s) as a boost. In typical embodiments,
the prime and/or boost components of an immunization protocol are administered as nucleic
acids that encode the polypeptides, although in some embodiments, prime and/or boost

immunization components are adounisiered as polypeptides.

{0144} hetll-15 can be admunisiered in conjunction with conserved clement vaccines to
enhance the mumune response. In typical embodiments, Hetll-15 is administered to a human

at escalating doses in a Fibonacci series.

[31451 Conserved element vaccines are described, e.g., in WO 2013/131099, which is
herein mcorporated by reforence. In some embodiments, a conserved clement vaccine that is
adnunistered in accordance with the invention comprises a nucleic acid, e.g, a DNA,

cncoding a conscrved clement polypeptide comprising conserved clements that cach have a
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sequence set forth m SEQ ID NOS:1-7. In some embodiments, a conserved element vaccing
that 1s administered in accordance with the invention comprises a nocleic acid, e.g., a DNA,
encoding a conserved element polvpeptide comprising conserved clements that cach have a
sequence sct forth in SEQ 1D NOS:8-14. In some embodiments, a conserved element vaccine
comprises administering two nucleic acid constructs, e.g., DNA constructs, wherein one
construct encodes a conserved element polypeptide comprising conserved elements that each
have a sequence sct forth in SEQ D NOS:1-7 and the second construct encodes a conserved
clement polvpeptide comprising conserved elements that each have a sequence set forth in
SEQ IR NOS:8-14. In some embodiments, the conserved elements vaccines comprise a CE
conserved element polynucleotide comprising SEQ 1D NG 15 and a conserved element

polvpeptide comprising SEQ (D NO:16.

[G146] A conserved clement nucleic acid construct is employed in an immunization
regimen that also emplovs a nucieic acid encoding full-length protein, e.g., gag or
substantiallv full-length protein, trom which the conserved elements are obtained. In the
context of the present invention, “substantially full-length” refers to the region of the protein
that includes all of the conserved elements, i.¢., a sufficient length of a naturally occurning
protein is provided that includes all of the conserved elements that arc used in the conserved
clement construct.

[3147] A oucleic acid construct encoding a full-length protein, or substantially tull-length
protein, s administered followmg administration of the one or more constructs encoding the
CE polypeptide{s), such that the CE polvpeptide(s) acts as a prime and the full-length
polypeptide, or substantially full-length polypeptide is a boost. In some embodiments, the
boost comprises administering the full-length, or substantially full-length polypeptide along
with another admunistration of the CE polypeptide pair. The boost is typically administered
anvwhere from one, two, three, or four months, one vear, or longer, following administration
of the nitial priming vaccines. Multiple boost vaccinations may be used, and different full-
length proteins may be used i a sequence of boosts. A priming vaceination can itself be one
or multiple admimistrations of the polypeptide(s). CE polypeptides and a full-length
polypeptide, or substantially full-length polypeptide, is often admunistered to the host by way
of administration of expression constructs that encode the polypeptides, although in some

embodiments, the polypeptides are adminisiered in a protein form.

{3148} Nucleic acids encoding multiple CE polypeptides, typically two CE polvpeptides,
t.e.. a conserved element polypeptide pair, are administered in combination. In the context of
the current tnvention, nucleic acid constructs encoding CE polypeptides “administered in
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combination” may be administered together or separately. For example, a nucleic acid
construct encoding a second CE polvpeptide may be adnnnistered after (e.g., anywhere from
1 mimutes to 60 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12 hours, 24 hours, 48 hours, or up
1o 2 weeks) administration of a first nucleic acid construct encoding a CE polypeptide, but is
typically administered at the same time as the first nucleic acid construct. In some
embodiments, the nucleic acid construct encoding the second CE polypeptide 1s administered
within 24 hours of administration of the nucleic acid construct encoding the first CE

polvpeptide.

10149}  Similarly, for co-admmstration of one or more CE polypeptides with the full-
length, or substantially full-length polypeptide, administered as the boost, the co-
administration may be formed by administering the constructs together, or they may be
administered separately. For example, one or more nucleic acid constructs encoding a CE
polypeptide(s) may be admiunistered shortly before {e.g., anywhere from 1 minutes to 60
minutes, | hour, 2 hours, 4 hours, 6 hours, 12 hours, usually within 24 hours} or after, a
nucleie acid construct encoding the full-length polypeptide, or the substantially full-length

polypeptide.

1613¢] In typical embodiments, the one or more CE nucleic acid constructs are co-delivered
with a nucleic acid construct encoding a full-length, or substantially full-length protein. In
the context of this invention, “co-delivery” refers to administering the nucleic acid

constructions together at the same site, ¢.g., administering them in the same mixture.

{6151} In some embodiments, a nucleic acid immunization regimen in accordance with the
mvention comprises performing at least two priming administrations with one or more CE
nucleic acids constructs, which encode a conserved element pair, either on separate vectors or
the same vector, followed by performing at least two boosting admimistrations of the CE
nucleic acid construct(s) co~-delivered with the construct encoding the full-length polypeptide
or substantially full-length polypeptide. In some embodiments, priming vaccinations can be
performed at least two weeks apart. In some embodiments, priming vaccimations are
performed at least one month apart or scparated by scveral mounths. Boost vaccinations are

admunistered at least one month, often atleast 2, 3,4, 5,6, 7,8, 9, 10, or 11 months; or | or

more vears after the priming vaccinations.

[3152} Nucleic acid constructs may be emploved as plasmid expression vectors or may be

admimstered as a virus. In some embodiments, the nucleic acid constructs encoding the
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conserved clements and/or full-length polypeptides are one or more purified nucleic acid

molecules, for example, one or more DMNA plasmid-based vectors (“naked” DNA).

[6153] In some embodiments, hetil~-15 adminisiration is a vaccine enhancer and is
administered after therapeutic vaccination to maximize immune response and deliver the
immune response to areas of virus reservoirs and sanctuaries. Hetil-15 can be administered
at selected intervals as described berein. Examples of therapeutic vaccination and subsequent

hetlL-15 treatment is provided in Figures 20, 18, and 19.
Treatment of Cancer

(0154} In some cmbodiments, hetlL-15 s admimistered to a subject that has cancer, such as
melanoma, renal cancer, colon cancer, or prostate cancer. Hetlh-15 may be administered in
combination with one or more other anti~cancer agents, cvitokines or anti-hormonal agents, to
treat and/or manage cancer. In one embodiment, the combination of hetll-15 and one or
more other therapies provides an additive therapeutie effect relative to the therapoutic effects
of the IL-~13 alone or the one or more other therapics alone. In some embodiments, the
combination of hetlL-15 and one or more other therapies provides more than an additive
therapeutic effect relative to the therapeutic effects of the hetlL~15 alone or the one or more
other therapies alone. In one embodiment, the combination of hetlL-15 and one or more
other therapies provides a synergistic therapeutic effect relative to the therapeutic offects of

hetil~15 alone or the one or more other therapies alone.

{6155} Cancers and related disorders that can be prevented, treated, or managed in
accordance with the methods described herein include, but are not imited to, the followng:
Leukennas tncluding, but not limited to, acute leukemia, acute lymphocytic leukemia, acate
myelocytic leukemias such as myeloblastic, promyelocytic, myelomonocytic, monocytic,
crvthroleukenua leukemias and myvelodysplastic svndrome, chronic leukemias such as but not
timited 1o, chronic myelocytic {granulocytic) leukemia, and chronic lymphocytic leukemia,
hairy cell leukemia; polveythemia vera; lvmphomas such as but not limited to Hodgkin's
disease, and non-Hodgkin's discase; multiple myclomas such as but not Himited to smoldering
multiple myeloma, non-secretory myeloma, osteosclerotic myeloma, plasma cell leukenua,
solitary plasmacytoma and extramedullary plasmacytoma; Waldenstrom' s
macroglobulinemia; monoclonal gammopathy of undetermined significance; benign
monoclonal gammopathy; heavy chain disease; bone and connective tissue sarcomas such as
but not hmted to bone sarcoma, osteosarcoma, chondrosarcoma, Ewing's sarcoma, malignant

giant cell tumor, fibrosarcoma of boue, chordoma, periosteal sarcoma, soft-tissue sarcomas,
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angiosarcoma (hemangiosarcoma}, fibrosarcoma, Kaposi's sarcoma, leiomyosarcoma,
liposarcoma, lymphangiosarcoma, neurilenvnoma, rhabdomyvosarcoma, and synovial
sarcoma; brain tumors including but not limited to, glioma, astrocytoma, brain stem glioma,

cpendymoma, oligodendroglioma, nonglial tumor, acoustic neurinoma, craniopharyngioma,

W

medulioblastoma, meningioma, pineocytoma, pineoblastoma, and primary brain lymphoma;
breast cancer including, but not limited to, adenocarcinoma, lobular (small cell) carcinoma,
intraductal carcinoma, medullary breast cancer, mucinous breast cancer, tubular breast
cancer, papillary breast cancer, Paget's disease, and inflammatory breast cancer; adrenal
cancer, including but not limited to, pheochromocytom and adrenocortical carcinoma; thyroid
18 cancer such as but not limited to papillary or follicular thyroid cancer, medullary thyroid
cancer and anaplastic thyroid cancer; pancreatic cancer, including but not limited to,
msulinoma, gastrinoma, glucagonoma, vipoma, somatostatin-secreting fumor, and carcinoid
or islet cell tumor; pituitary cancers including but not limited to, Cashing's disease, prolactin-
secreting tumor, acromegaly, and diabetes insipius; eve cancers including but not Emited to,
15 ocular melancma such as iris melanoma, choroidal melanoma, and cilliary body melanoma,
and retinoblastoma; vaginal cancers, including but not limited to, squamous celi carcinoma,
adenocarcinoma, and melanoma; vulvar cancer, inchuding but not Himited to, squamous cell
carcinoma, melanoma, adenocarcinoma, basal cell carcinoma, sarcoma, and Paget's disecase;
cervical cancers including but not imited to, squamous cell carcinoma, and adenocarcinoma;
28 aterine cancers including but not limited to, endometrial carcinoma and uterine sarcoma;
ovarian cancers including but not imited to, ovanan epithelial carcinoma, borderline tumor,
germ cell tumor, and stromal tumor; esophageal cancers including but not limited to,
squamous cancer, adenocarcinoma, adenoid cyctic carcinoma, mucoepidermoid carcinoma,
adenosquamous carcinoma, sarcoma, melanoma, plasmacytoma, verrucouns carcimoma, and
25 oat cell (small cell) carcinoma; stomach cancers including but not limited to,
adenocarcinoma, fungating (polypoid), ulcerating, superficial spreading, diffusely spreading,
malignant lymphoma, liposarcoma, fibrosarcoma, and carcinosarcoma; colon cancers; rectal
cancers; hiver cancers nciuding but not limited to hepatoceliular carcinoma and
hepatoblastoma; gallbiadder cancers mcluding but not himited to, adenocarcinora;
30 cholangiocarcinomas including but not hmited to, pappiliary, nodular, and diffuse; lung
cancers inchuding but not limited to, non-small cell tung cancer, squamous cell carcinoma
{epidermoid carcinoma), adenocarcinoma, large-cell carcmoma and small-cell lung cancer;
testicular cancers including but not limited to, germinal tumor, seminoma, anaplastic,

spermatocyiic, nonseminoma, embrvonal carcinoma, {eratoma carcinoma, chornocarcinoma

3
[ ]

{yolk-sac tumor); prostate cancers including but not imited to, adenocarcinoma,
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leiomyosarcoma, and thabdomyosarcoma; penile cancers; oral cancers including but not
limited to, squamous cell carcinoma; basal cancers; salivary gland cancers including but not
fimited to, adenocarcinoma, mucoepidermoid carcinoma, and adencidcystic carcinoma;
pharynx cancers including but not limited to, squamous cell cancer, and verrucous; skin
cancers including but not himited to, basal cell carcinoma, squamous cell carcinoma and
melanoma, and superficial spreading melanoma, nodular melanoma, lentigo malignant
melanoma, acrallentiginous melanoma; kidney cancers mcluding bat not limited to, renal cell
cancer, renal cancer, adenocarcinoma, hvpemephroma, fibrosarcoma, and transitional cell
cancer (renal pelvis and/or uterer); Wilms' tumor; bladder cancers tncluding but not huted
to, transitional cell carcinoma, squamous cell cancer, adenocarcinoma, and carcinosarcoma.
In addition, cancers include myxosarcoma, osteogenic sarcoma, endotheliosarcoma,
lvmphangioendotheliosarcoma, mesothelioma, synovioma, hemangioblastoma, epithehal
carcinoma, cystadenocarcinoma, bronchogenic carcinoma, sweat gland carcinoma, sebacecus
gland carcinoma, papillary carcinoma and papillary adenocarcinomas {for a review of such
disorders, see Fishman et al., 1985, Medicine, 2d Ed., J.B. Lippincott Co., Philadelphia and
Murphy et al., 1997, Intormed Decisions: The Complete Book of Cancer Dhagnosis,
Treatment, and Recovery, Viking Penguin, Penguin Books US A Inc, United States of

America).

{0156} hetlL-15 can be used i the treatment of pre-malignant as well as malignant
conditions. Pre-malignant conditions inchude hyperplasia, metaplasia, and dysplasia.
Treatment of malignant conditions mcludes the treatment of primary as well as metastatic
tumors. In a specific embodiment, the cancer 1s melanoma, prostate cancer, colon cancer,
renal cell carcinoma, or lung cancer {¢.g., non-small cell lung cancer). In certain
cmbodiments, the cancer 18 metastatic melanoma, metastaic colon cancer, metastatic renal

cell carcinoma, or metastatic lung cancer {¢.g., metastatic non-small cell tung cancer).

{3157} In some embodiments, hetll-15, or a combination therapy, 18 admimstered to
refractory patients, such as a patient refractory to a standard anti-cancer therapy. Tn certain
embodiments, a patient with cancer, is refractory to a therapy when the cancer has not
significantly been eradicated and/or the symptoms have not been sigmificantly alleviated. The
deternmunation of whether a paticnt is refractorv can be made either i vivo or i vifro by any
method known in the art for assaying the effectiveness of a treatment, using art-accepte
meanings of "refractory” m such a context. In various embodiments, a patient with cancer is

refractory when a cancerous tumor has not decreased or has imcreased.
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[3158] In some embodiments, hetll-15, or a combination therapy, is administered (o a
patient to prevent the onset or reoccurrence of cancer in a patient at risk of developing such
cancer. In some embodiments, hettl-15 s administered to a patient who is susceptible io

adverse reactions 1o conventional therapics.
Treatment of Infectious Diseases

[31591  Infectious discases that can be treated, prevented, and/or managed using hetil-15

may be by infections agents including but not limited to bacteria, fungi, protozae, and virases.

[6i68] Viral diseases that can be prevented, treated and/or managed in accordance with the
methods described herein include, but are not limited to, those caused by hepatitis type A,
hepatitis type B, hepatitis type C, influenza, varicella, Epstein-Barr viras, adenoviras, herpes
simplex type 1 (HSV-D), herpes simplex type I (HSV-1), rinderpest, thinovirus, echovirus,
rotavirus, respiratory syncviial virus, papilloma virus, papova virus, cvtomegalovirus,
echinoviras, arbovirus, huntavirus, coxsackie virus, mumps viras, measles vires, rubelia
virus, polio virus, small pox virus, Epstein Barr virus, human imownodeficiency virus type |
(HIV-I), human mmunodeficiency virus type [ (HIV-1}, and agents of viral diseases such as
viral meningitis, encephalitis, pneumonia, infectious mononucleosis, hepatitis, mumps, polio,
shingles, dengue or small pox. In a specific embodiment, the viral discase is AIDS,

meningitis, hepatitis, or pncumonia.

10161} Bacterial diseases caused by bacteria {¢.g., Escherichia coli, Klebsiella pneumaoniae,
Staphviococcus aureus, Enterococcus faccials, Candida albicans, 8. pneumonia, Group A
streptococcus {Streptococcus pyogenes), Clostridium peifringens, Bacterowdesfragilis,
Agromonas hyvdrophil, Borrelia burgdorferi, Bacillus antracis, Proteus vulgaris,
Staphylococcus vindans, mycobacteria rickettsia, Mycobacterium leprag, Mycobacterium
tuberculosis, Clostridium tetani, Neisseria merningitides, Yersinia pestis, and Pscudomonas
acruginosa) that can be prevented, treated and/or managed in accordance with the methods
described herein include, but are not Hmited to, mycoplasma, sepsis, and bubonic plague,
Lvme discase, anthrax, tetanus, pertissus, cholera, plague, diptheria, chlamydia, pneumonia,
toxic shock syndrome, scarlet fever, leprosy, meningococcal disease, necrotizing disease,
e.g., encrotizing fasciitis, tuberculosis, and legionella. In a specific embodiment, the bacterial

disease 1s pucumonia or tuberculosis.

31621 Protozoal discases caused by protozoa that can be prevented, treated and/or
managed in accordance with the methods described heretn include, but are not limited to,
leishmama, kokzidioa, tryvpanosoma or malana.
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[3163] Parasitic diseases caused by parasites that can be prevented, treated and/or managed
in accordance with the methods described herein include, but are not imited to, chlamydia

and rickettsia.

(0164} In certain embodiments, hetil-15, or a combination therapy, is administered to a
subject with a chronic infection. In a specific embodiment, hetlL-15 is administered to a
subjeoct with an infection that persists for weeks, months, years, decades or a lifetime. In
certain embodiments, the mfection persists for a period of tme (¢.g., weeks, months, vears or

decades) without the subject mamfesting syvmptoms.

(6163} Hlustrative mfectious agents capable of inducing a chronic infection include viruses
{¢.g., cvtomegalovirus, Epstein Barr virus, hepatitis B virus, hepatitis C virus, herpes simplex
virus, types 1 and {1, human immunodeficiency virus, tvpes 1 and 2, human papiliomavirus,
buman T lymphotrophic viruses, types 1 and 2, varicelia zoster virus and the like}, bactena
{¢.g.. Mycobacterium tuberculosis, Listeria spp., Klebsiella pneumoniae, Streptococcus
preumoniac, Staphviococcus aurcus, Borrelia spp., Helicobacter pylor, and the hike),
protozoan parasites {¢.g., Leishmania spp., Plasmodinmfalciparum, Schistosoma spp.,
Toxoplasma spp., Trypanosoma spp., Tacnia carssiceps and the like), and fungi {c.g..
Aspergillos spp., Candida albicans, Coccidioides immitis, Histoplasma capsulatum,
Pocumocystis carinii and the like} Additional infections agents include prions or misfolded
proteins that affect the brain or neuron structure by further propagating protein misfolding in
these tissues, resulting in the formation of amyvloid plagues which cause cell death, tissue

damage and eventual death.

[6166] In certain embodiments, hetil-15, or a combination therapv is administered to a
subject with a latent infection. In some embodiments, hetlL-15 is administered to a subject

with an active infection.

[3167] In some embodiments, a patient is admimistered hetll~15, or a combination therapy
is administered to refractory patients. fn a certain embodiment, refractory patient is a patient
refractory to a standard therapy. In certain embodiments, a paticnt with an infection is
refractory to atherapy when the mfection has not significantly been eradicated and/or the
sympioms have not been significantly alleviated. The determination of whether a patient is
refractory can be made either in vivo or in vitro by any method known 1n the art for assayving
the effectivencss of a treatment of infections, using art-accepted meanings of "refractory” in
such a context. In various embodiments, a patient with an infection is refractory when

replication of the infectious agent has not decreased or has increased.

W
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[3168] In some embodiments, hetllL-15, or a combination therapy, is administered {o a
patient to prevent the onset or reoccurrence of infections {¢.g., viral infections) in a patient at
risk of developing such infections. In some embodiments, betiL-135 1s administered to a

patient who 1s susceptible to adverse reactions to conventional therapies.

(6169} In some embodiments, hetllL-15, or a combination therapy, is administered to a
paticnt who has proven refractory to therapics other than Therapeutic Agents, but are no
longer on these therapies. In certamn embodiments, the patients being managed or treated in
accordance with the methods of this mvention are patients already being treated with
antibiotics, anti-virals, anti-fungals, or other biological therapy/immunotherapy. Among these
patients are refractory patients, paticnts who are too voung for conventional therapics, and
patients with reoccorring viral infections despite management or treatment with existing

therapies.

[31706] In some embodiments, the subject being admimistered hettl-15 has not received a
therapy for the discase being treated with hetlL-135 prior to the administration of hetlL-15. In
other embodiments, hetll-15 1s administered to a subject who has received a therapy for the
disease prior to admimsiration of hetiL-15. In some embodiments, the subject administered
hetIL-15 is refractory to a prior therapy for the disease or experienced adverse side effects to
the prior therapy or the prior therapy was discontinued due to unacceptable levels of toxicity

to the subject.
Treatment of Immunodeficiencies and Lymplhopenia

[6171] Also provided herein are methods for treating, preventing and/or managing an
mmunodeficiency or lymphopenia in a dose escalation regimen, comprising administering an
effective amount hetlL-15 to a subject in need thereof In a specific embodiment, the methods

described herein do not involve a cvclical administration regimen of hetll-15.

10172} In some embodiments, hetll~15 can be adnunistered in combination with one or
more other therapies. In one embodiment, the combination of hetllL-15 and onc or more
other therapies provides an additive therapeutic etfect relative to the therapeutic effects of
hettE-15 alone or the one or more other therapies alone. In one embodiment, the
combination hettl.-15 and one or more other therapics provides more than an additive
therapeutic effect relative to the therapeutic effects of hetllL-13 alone or the one or more other
therapies alone. In one embodiment, the combination of hetlL-15 and one or more other
therapies provides a synergistic therapeutic effect relative to the therapeutic effects of hetli-

15 alone or the one or more other therapies alone.
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[31731 In certain embodiments, het{L-15, or a combination therapy, is adminisiered fo a
subject that has been diagnosed as ymphopenic. The terms "lvmphopenia® or
"lymphocytoperua” or "lymphocytic leucopenia” interchangeably refer to an abnormally
small number of lyvmphocytes in the circulating blood or in peripheral circulation.
Quantitatively, lvmphopenia can be described by various cutoffs. In some embodiments, a
patient is suffering from lvmphopenia when their circulating blood total lvmphocyte count
falls below about 600/mm’. In some embodiments, a patient suffering from lymphopenia has
less than about 2000/uL total circulating lvmphocyies at birth, less than about 4500/uL total
circulating lymphocyies at about age 9 months, or less than about 1000 /UL total circulating

lymphocvies patients older than about 9 months.

10174} Lymphocytopenia has a wide range of possible causes, including viral {(g.g., HIV or
hepatitis infoction), bacterial (¢.g., active tuberculosis infection), and fungal infections;
chronie failure of the right ventricle of the heart, Hodgkin's disease and cancers of the
tvmphatic system, leukemia, a feak or rupture 1 the thoracic duct, side effects of prescription
medications including anticancer agents, antiviral agents, and glicocorticoids, malmutrition
resulting from diets that are low m protein, radiation therapy, uremia, autoimmune disorders,
immune deficiency syndromes, high stress levels, and trauma. Lymphopenia may also be of
unknown eticlogy (i.c., iliopathic lymphopenia). Peripheral circulation of all types of
lvmphocyics or subpopulations of lyvophocyies (¢.g., CD4+ T cclls) may be depleted or
abnormally low in a patient suffering trom lvmphopema. See, ¢.g., Lymphopenia

cscription, The Merck Manual (18th Edition, 2006, Merck & Co.}.

{31751 In some embodiments, hetll-13, or a combination therapy, is admimstered to
refractory patients. In a certain embodiment, refractory patient is a patient refractory to a

standard therapy.

(0176} In some embodiments, hetlL-15 or a combination therapy is admunistered to a
patient to prevent the onsct or reoccurrence of an immunodeficiency or vinphopenia in a
paticnt at risk of developing such mfections. In some embodiments, hetil~15 is administered
to a patient who 1s susceptible to adverse reactions to conventional therapies. In some
embodiments, htll-15 is administered to a patient who has proven refractory to therapies

other than hetlL-15, but are no longer on these therapies.

{6177} In some embodiments, the subject being administered hetfL-15 has not received a
therapy prior to the admumistration of hetlL-13. In other embodiments, hetlf-15 is

administered to a subject who has received a therapy prior to adounistration of hetiL-~13. In
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some embodiments, the subject to whom hetlL-15 1s admunistered is refractory to a prior
therapy or experienced adverse side effects to the prior therapy or the prior therapy was

discontinued due to unacceptable levels of toxicity to the subject.

EXAMPLES

Example 1. Admuustration of hetlL-15 with CE vaccines

10178} IL-15 heterodimer was purified form stable human HEK293-derivede cell fingg that
were modified to express 1L~-15 and 1L.-15Ra and thereby produce, process, and secrete hethl-
15. Purified complex was tested upon subcutaneous (SC) admimistration to macagues.
Phenotyne and functional changes in lymphocvie subsets were monitored by flow cytometry

and moltiplexed confocal imaging (MCI).

31791 To overcome HIV sequence diversity and to address potential “decoy” epitopes
preventing efficacy, we developed DNA vaccines targeting the highly conserved (CE) in Gag

and vaccine-induced cellular immunity was analvzed. These were administered to macagues.

[G18¢] Treatment with hetlL-15 resulted in a significant increase of circulating CD8+
effector T cells and NK cells with activated cytotoxic phenotype (Granzyme ). This
expanded T lvmphocyte population was also present in secondary lymphoid organs where an
mncreased frequency of Ag-specific cffector CD8 T cells could be observed by both flow
cytometry and MCL A subset of CD8 T cells present in byvmph nodes expresses CXCRS,
mdicating ability to nugrate into germinal centers where chronically infected CD4A+TTh
reside. MCI confirmed their presence in germinal centers and showed that these cells are

evtotoxic (GrzmB 7} and actively proliferating (Ki67"} in response to hetiL-15.

[3181] Contrary to macaques administered gag DNA only, all CE DNA-vaccinated
macagques developed robust ovtotoxic T cell responses targeting the conserved epitopes.
Interestingly, vaccination with intact Gag efficiently boosted magnitude and breadth of
preexisting CE responses indicating a change in epitope hierarchy. The induced T cell
responses rapidly disseminated into secondary Ivmphoid organs and effector mucosal sites.
hetll-15 is therefore enhancing the effects of therapeutic vaccination by inducing the number
of cvtotoxic cells and by inducing their localization to areas of virus propagation and

persistence.

{0182} This example demonstrates that hetlL-15 in combination with pDNA vaccine

targeting the “Achilles” heel” of the virus, t.e., the laghlv-conserved regions (CE), n virus
= & foe J S X 2
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sanctuary arcas {germunal centers) thus provides an HIV treatment strategy to reduce or

ehminate HIV infoction in a patient.

Summary: This example explored the potential of hetlL-15 as a viral reservoir reducing agent
m ART-treated STV infected macagues therapeutically vaccinated with DNA. Effective levels
of hetlL-15 can be delivered without side effects. hetlL-15 treatment in combination with

DNA vaccination enhances access to virus sanctuary areas {(germinal centers).

Fxample 2. Subcutancous administration of hetlL-15 in macaques

[6183] Methods: Heterodimerie FL-15 thetll-15) was punfied and evaluated in macaques
upon subcutancous {8 admimstration. Human and macague purtfied molecules showed
stmilar effects. Phenotype and functional changes m lymphooyte subsets were monitored by
flow cytometry and multiplexcd confocal imaging (MCI}. Blood and tissuc samples were

tested including complete blood counts and chemistry.

[0184] Results: Treatment with het!L-15 resulied i a significant increase of CD8+ effector
T cells and NK cells with activated cyviotoxic phenotype (Granzyme+). This expanded T
lvmphocyte population was distributed in the tissues and was also present i sccondary
tymphoid organs where an increased frequency of Ag-specific effector and total effector CDR
T cells could be observed by both flow cvtometry and MCIL A subset of CD8 T cells present
in lymph nodes expresses CXCRS, indicating ability to migrate into germinal centers where
chronically mfected CD4+Tth cells reside. MCI confirmed the presence of effector CD8 n
gernuinal centers and showed that these cells are cyiotoxic (GrzmB+) and actively

proliferating (Ki67+) in response to hetlb~13.

[G185]  Using the 2 week hetlL-15 protocol of six increasing doses (2, 4, 8, 16, 32, 64 ug/kg
ot 1L.-15 calculated as mass of single chain [L.-15)}, it was shown that no adverse eftects were
detected in macaques. There was no decrease 1 blood pressure, fever, or any other effects
associated with high dose hetlb-15 administration. The animals were not different in any
blood parameters compared to controls injected with saline solution instead of hetll-15. The
only detected difference at the last measurement in 2 week in hetlL-15 animals was lower
Albumin serum levels, indicative of some vascolar leak, a function associated with hetfL-15.
Animals recovered to normal levels rapidly. This shows that the dose escalation protocol can
achieve a very high amplification of cyviotoxic lyvmphocyvies and their accumulation to tissues

but it has low toxicity compared to other methods of delivery.

(]
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Example 3. Intraperiioneal admimstration of hetlL~-15 in macagques

10186} Methods: Heterodimeric Ho-15 thetll-15) was purified and tested in macaques upon
miraperitoncal administration (IP). Dosing was every two-three days for 2 weeks (MWF
MWEF) in | ml of saline solotion. Increasing doses were 2, 4, 8, 16, 32, 64 ug/ke calculated as
single chain IL-15 polvpeptide mass. Phenotype and functional changes in lymphocyie
subsets were monitored by flow cytometry and multiplexed confocal imaging (MCH). Blood

and tissue samples were tested including complete blood counts and chemistry.

{6187} Comparison of IP-treated animals to SC-ireated antmals with the same dosage and
scheduale (Figure 17) showed that 1P hetlL-13 increased lyvrophocyte accumulation and
proliferation in intestinal sites. Thercfore, IP admmistration and other methods of local
administration increase preferentially hetll-15 effects on lvmphocyte numbers and
activation. This is important for maximizing effects of hetll-15 on intestinal tumors or virus

reservolrs associated with the utestine.

Example 4. Treatment by hetll~15 of chromically SHIV mfected macagues decreases SHIV-

infected cells i LN,

{6188} Infected animals were treated by increasing doses of hetlL-15 sc for 2 weeks (2, 4,
8, 16, 32, 64 ug/kg) as detailed previously. Lyvmph nodes and blood were removed before the
first mjection and on day 15 (day 3 after last injection). BDNA and RNA were extracted and
the SHIV copies were measured after quantitative PCR amplification. Results were expressed
as copics per 10° cell equivalents, by normalizing to amplified CCRS DNA in the same

samples.

[3189] The results of these measurements on the axillary or inguinal LN of two macaques
are shown in Figure 21 and Table A. The results indicate that both viral DNA and RNA are
significantly reduced upon hetlL-15 treatment. The decrease in RNA was significantly higher

than the BDNA, indicating that hetlL-15 results in the true decrease in virus producing cells.
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TABLE A. Quantification of DNA and RNA reduction and of the difference in RNA/DNA
ratio for the specific LN and Blood of two animals after 2 week hetlL-13 treatment (6 sc

mjections MWEFMWE).

FOLD change after iL-15 treatment.

a. DNA Beiore/After

AXLN fngl.N PBMC
T416 228 5.0 0.9
T422 5.8 1.3 34

b. RNA Before/After

AxLN inglN PRMC
T416 6087 127 83
T422 838 12 490
¢. RNA/DNA Ratio FOLD
Drop:
AxLN ingh.N PBMC AxLN IngLN PBMC
T416 B 289 282 73
T416 A 1 11 1 270 25 73 T416
T422 B 415 124 8
T422 A 3 14 1 137 g 12 T422

5 [198] These results suggest that hettL-15 can be used to disrupt LN and to decrease virus-

producing cells known to persist n the LN,

{33911  Certain aspects of the disclosure are illustrated in Figures 1-20.
10192}  Figure 1 provides data showing that hetlf-15 treatment triggered a cytotoxic

10 commitment (increased Granzvm B) on CD8+ T cells including lvmph node (LN).
(6193} Figure 2 provides data showing that there was an increased freguency of
proliterating T lymphocytes in mucosal effector sites after treatment with het 1IL-15.
10194}  Figure 3 provides data showing that H.~-15 treatment results in increased frequency
of effector memory CD8+ T cells 1 secondary lymphoid organs.

15 [8195] Figure 4 provides data showing that het 1L-15 increased effector memory D3+ T
celis in lvmph nodes.
13196] Figure 5 provides data showing that het IL-15 treatment increased the proliferation

rate of CEB8+ memory T cells within the LN,
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[3197] Figure 6 provides data showing that hetlL-15 treatment resulted in increased
frequency of NK cells in peripheral blood and within the LN. This increase is driven by
proliferation.

16198] Figure 7 provides data showing that IL-15 treatment increased ADCC mediated by
NK cells.

[3199] Figure 8 provides data showing that hetlL- 15 treatment, in contrast to 1L.-2, does not
affect the frequency of Tregs (CD4+CD25+).

162063]  Figure 9 provides data showing that hetlL-15 treatment did not atfect the rate of B
lvmphocyte proliferation.

[3201] Figure 10 provides data showing that hetll-15 increased PD-1 expression on CD8+
T cells in the LN,

16202] Figure 11 provides data showing that hetiL-15 treatment induced a significantly
higher presence of EM CD8+ T lymphocytes and cytotoxic T cells within the lymph nodes
than SIV infection.

[6203] Figure 12 provides data showing that hetlL-15 treatment increased SIV-specific T
cells within the lymph nodes.

16204] Figure 13 provides data showing that hetiL-15 induced preferential expansion of LN
CMS tetramer” lymphocytes with inereased cytotoxic potential (GranzB+).

[3205] Figure 14 provides data showing that hetlL-15 treatment (dose escalation) reduced
the frequency of CD4 CXCRS PD-1"#" (Tth) cells in peripheral LN {inguinal).

16206] Figure 15 provides data showing that hetiL-15 treatment down-regulated CXCRS
also 1 B lymphocytes in LN.

[6207] Figure 16 provides data showing that hetil-15 administration increased CXCL13
plasma levels.

16208] Figure 17 provides data showing that {P delivery of 1L-15 mcreased the CDI8+
proliferative responses in the ntestine.

[3209] Figure 18 provides data showing efficient long-term control of virenua tn SIV pacs-
infected macaques under cART treatment for > 7 months.

16218]  Figure 19 provides data showing that hetlL-15 treatment of SIV-infected cART-
treated macaques docs not increase plasma virus load.
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[3211] Figure 20 provides data showing an example of therapeutic vaccination of Si¥Vmac-
mfected, cART-treated macagues with SIV p27CE pDNA. This example thus combines
methods of therapeutic vaccination that induce broad and non-escaped tmmunity to mfected
animals during cART treatment with hetlL-~135 as a vaccine cohancer. The results showed

that the vaccine induces robust T cell responses.

{6212} Thesec data thus demonstrated that heterodimeric IL-15 increases cyvtotoxic CDE
effector cells in Lymph Nodes and Germinal Centers, a known HIV/SIV reservoir/sanctuary;
that hetlb-15 affects the organization of germinal centers; that high and effective doses of
hetiL-15 can be safely administered with long term ART: and that hetii-15 does not

significantly increase virus load after in vive admunistration in ART treated macagues.
Methods
Immune phenoiyping and flow cyiomeiry:

16213] The following fluorophore conjugated monocional antibodies were used in this
study:

From BD: CD3 {clong $P34-2), UD4 (clone L200), CDYS {clone BX2}, Ki-67 (clone B36),
CD25 {clone M-A231), CD16 {clone 3G8), g/d TCR, CCRE (clone 11A9), CXCR3 {clone
1C6), CD26 {clone 2HT), HLA-DR (clone TU39) and CCRS {clone 349},

From Biclegend: CD28 {clone CD2&.2), (D127 (clone AG19DS5) and PD-1 (clone

EH12 2H7).

From ¢-Bioscience: CXCRS (clone MUSUBEE) and FoxP3.

From Life Technologies: CDE {clone 3B5} and Granzyme B (clone GB12).

From R&D: CCRT (clone 1503503}

[3214] Macaque samples were collected and processed as follows: Lymph nodes and rectal
pinches were collected from macaques under anesthesia before and after hetiL-15 dosing.
Three days after the last hetlL-15 mjection, some animals were sacrificed and the following
samples were collected for flow cytometric analysis and inununchistochemistry; peripheral
blood, axillary, mguinal, mediastinal and mesenteric tymph nodes, bone marrow, Tiver,
spleen, tonsils, vagina, duodenum, jejunum, tleum, colon and rectum. PBMC were obtained
from blood samples by gradient centrifugation as previously described. Single lvmphocyvie
cell suspensions were obtained from Ivmph nodes, tonsils and spleen by gently squeezing the
samples through 100um strainers. Single cell suspensions from solid tissues were obtained
after mincing the samples and enzvmatic digestion for 1 hour at 37°C in RPMI 1640 medium

supplemented with FBS, antibiotics, collagenase (125 units/miy and DNAse | (10 units/ml).
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[6215]  For Figure 20: Six amimals infected by SIV were put in cART as desceribed for
Figure 18 using 3-drug combination (Tenofovir (TFV), emtricitabine (FTC), Dolutegravir in
a single combination (sc¢ dailv)}. Animals were vaceinated during cART treatment by DNA
clectroporation using SIV p27CE conserved clement vaceine (4 antmals) or sham DNA as
negative control (2 animals). The four vaccinated animals developed high responses
measured as antigen specific cells in the blood by standard flow cytometry procedures
(intracelllar IFN-gamma production upon p27CEgag peptide stimulation}. Two weeks after
vaccination the animals were treated with hetlE~13 (2-week cvcele of 6 mncreasing doses of 2-
64 pg/kg [L-15 caleulated as single chain IL-15 mass) as imdicated for the animals in Figure

19.

6215} All publications, accession numbers, patents, and patent applications cited 1o this
spectfication are herein incorporated by reference as if each was specifically and mdividually

indicated to be mcorporated by reference.
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Table 1. Hiustrative HIV Gag Conserved Element Sequences

PCT/US2017/042002

p24 Gag conserved elements for p24CE1 vaccine (“also referred to as “Corel”):

SEQ ID NO:1 conserved element 1 {({CEL}
ISPRTLNAWVKY

SEQ 1D NG:2 conserved element 2 {(CEZ)
VIPMFSALSEGATPQDLN

SEQ ID NG:3 conserved element 3 (CE3)
VGGHOQAAMOMLKDTINEEAAEWDR

SE( 1D NGO 4 conserved element 4 (CE4)
PRGSDIAGTTSTLQEQIGW

SEQ 1D NO:S conserved element 5 (CES)
KRWHLGLNEKIVRMYSPTSI

SEQ ID NO:6 conserved element 6 (CEG)
YVDRFYKTLRAEGA

SEQ ID NO:7 conserved element 7 (CET)
LEEMMTACQGYVGGPGHK

p24 Gayg conserved clements for p24CE2 vaccine (Malso referred to as “Corel™):

SEQ 1D NG:8 conserved element 1 {CEL)
LSPRTLNAWVRKY

SEQ 1D NO:9 conserved element 2 (CE2)
VIPMFTALSEGATPOQDLN

SEQ 1D NG: 10 conserved element 3 (CE3)
VGGHQAAMOQMLKETINEEAAEWDR
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SEQ ID NGO conserved element 4 (CE4)
PRGSDIAGTTSTLQEQIAW

SEQ 1D NO:12 conserved element 5 (CES)
5 KRWHLGLNEIVRMYSPVSI

SEG 1D NG:13 conserved element 6 (CES}
YVDRFFKTLRAEQA

10 SEQ ID N(O:14 conserved element 7 (CET)
LEEMMTACQGVYGGPSHK

SEQ IB NOG:1S p24 Gag conserved elements for p24CE! vaccine (“also referred to as
“Corel”):

15 VIPMFSALSEGATPQDLNAAVGGHQAAMOQMLKDTINEEAAEWDRAAAEPRGSDIAG
TISTLOEQIGWAAAKRWIHLGENKIVRMYSPTSIAAKY VERFYKTLRAEGAAGLEEM
MTACQGVGOPGHKAAISPRTLNAWVKY

SEQ IB NOG:16 p24 Gag conserved elements for p24CE2 vaccine (“also referred to as

20 “Corel”):
VIPMFTALSEGATPOQDLNAAVGGHQAAMOMLKETINEEAAEWDRAAAEPRGSDIAG
TISTLOEQIAWAAAKRWHLGLNKIVRMYSPVSIAAKYVDRFFKTLRAEQAAGLEEM
MTACQGVGGPSHEKAALSPRTLNAWVYEY

[\
(]

SEQ 1D NO: 17 Nucleic acid construct encoding Conserved Element? plus Conserved
Element 2 (p24CE+p24CE2) (306H) (genes underlined)

CCTGGCCATTGCATACGTIGTATCCATATCATAATATGTACATTITATATIGGCTCA
TOCTCCAACATTACCGCCATGTTGACATTIGATTATIGACTAGTTATTAATAGTAATC
AATTACGGGGTCATTAGTTCATAGCCCATATATGCGAGTTCCGCGTTACATAACTT
30 ACGGTAAATGGCCCGCCTOGOGUTGACCGCCCAACGACCCCCGCCCATTGACGTCA
ATAATGACGTATGTTCCCATAGTAACGUCAATAGGGACTTICCATTGACGTCAAT
GOGTGGAGTATTTACGGTAAACTGCCCACTTIGGCAGTACATCAAGTGTATCATAT
GCCAAGTACGCCCOCCTATTGACGTCAATOGATGGTAAATGGCCCGCCTGGCATTAT
GCCCAGTACATGACCTTATOGGGACTTTCCTACTTGGCAGTACATCTACGTATTAG
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TCATCGCTATTACCATGGTGATGCOGOTTTIGGCAGTACATCAATGGGCGTGGATA
GCOGGTITGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGT
TIGTTTTIGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCOGCCC
CATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAG
5 CTCGTITTAGTGAACCGTCAGATCGCCTGGAGACGCCATCCACGCTGTTITIGACCT
CCATAGAAGACACCGGGACCGATCCAGCUTCCGUGGGegegegtcgacaagaaATOTGGE
TCCAGAGCCTIGCTACTCOTGGGUACGUTGGCCTGCAGCATCTCGGTCATCCCGAT
GTICTCGGCGCTCAGCGAGGOGAGCGACGCCGCAGGACCTOGAACGLCOOLCOTCGG
AGGTCACCAGGCAGCGATGCAGATGCTGAAGGACACGATCAACGAGGAGGLGE
10 CCGAGTGOOACCGEECOLCAGCLGAGCCACGUGUTICCGACATCGCGGGCACCA
CCTCGACGCTCCAGGAGCAGATCOUGTIGOGCCGCAGCTAAGCGCTGGATCATCC
TCOGGCTGAACAAGATCGTCCOUATOTACAGCCCOACGTCGATCOCTGCTAAGT
ACGTIGACCGGTTCTACAAGACCCTGAGGOCCGAGCAGGCOGCCOUGACTGGAGG
AGATGATGACCGCOTGLCAGGHOUTCGUGTGGACCAGGGCACAAGGCCGCGATCT
15 CGCCGCGCACGUTIGAACGCGTGOGTGAAGGTCUTGATA Agaaticgctageggcgogccagalct
gatatcgeatctGCTGTOCCTICTAGTTGCCAGCCATCTGTTIGTITIGCCCCTCCCCCGTGC
CTTCCTTGACCCTGGAAGGTGCCACTCCCACTOTCCTITCCTAATAAAATGAGGA
AATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGETGGGA
CAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGUTGGGGATGC
20 GGTGGGCTCTATGGGTACCCAGGTGCTGAAGAATTIGACCCGOGTTICCTCCTGGGCC
AGAAAGAAGCAGGUACATCCCCTTICTCTGTGACACACCCTGTCCACGLCCCTGET
TCTTAGTTCCAGCCCCACTCATAGGACACTCATAGCTCAGGAGGGCTCCGLCTTC
AATCCCACCCGCTAAAGTACTTIGGAGCGGTCTCTCCCTCCCTCATCAGCCCACCA
AACCAAACCTAGUCTCCAAGAGTGGGAAGAAATTAAAGCAAGATAGGCTATTAA
25 GTGCAGAGGGAGAGAAAATGUCCTCCAACATGTGAGGAAGTAATGAGAGAAATC
ATAGAATTTCTTCCGCTTICCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTG
CGGCGAGUGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCA
GGGGATAACGUAGGAAAGAACATGTGAGCAAAAGGUCAGCAAAAGGCCAGGAA
CCGTAAAAAGGCCGCGTTGCTGGCGTTTTITCCATAGGCTCCGCCCCCOTGACGAG
30 CATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAA
AGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTICCGACOCT
GCCGCTTACCGGATACCTGTCCGCCTTTICTCCCTTCGGGAAGCGTGGCGUTTICTC
ATAGCTCACGCTGTAGGTATCTCAGTICGGTGTAGGTCGTTCGCTCCAAGCTGGG
CTOTGTGCACGAACCCCCCGTTCAGCCCGACCGOTGCGCCTTATCCGGTAACTAT
CGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGUAGCAGCCALTG

3
[ ]
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GTAACAGGATTAGCAGAGCGAGOGTATGTAGGCOGOTGCTACAGAGTTCTTGAAGT
GOTGOGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCT
GAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCUCGGCAAACAAAC
CACCGCTGOTAGCGOTGOTITTTTTGTTIGCAAGCAGCAGATTACGCGCAGAAAA
5 AAAGGATCTCAAGAAGATCCTTIGATCTTTTCTACGGGGTCTGACGUCTCAGTGOGA
ACGAAAACTCACGTTAAGGGATTITTIGOGTCATGAGATTATCAAAAAGGATCTICAC
CTAGATCCTITTAAATTAAAAATGAAGTTITTAAATCAATCTAAAGTATATATGAG
TAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGA
TCTGTCTATTTCOGTTCATCCATAGTTIGCCTGACTCGGGOGGGOGHLGGOCGCTGAGE
10 TCTGUCCTCOTGAAGAAGGTGTTIGCTGACTCATACCAGGCCTGAATCGCCCCATCA
TCCAGCCAGAAAGTCGAGGGAGCCACGGTTGATGAGAGCTTTGTTGTAGGTGGAC
CAGTTGGTGATTTTGAACTTITGCTTTIGCCACGGAACGGTCTGCOTIGTCGGGAA
GATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTITATTCAACAAAGCCG
CCOTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATT
15 CTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATICATATCAGG
ATTATCAATACCATATTITTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCA
CCOGAGGCAGTTCCATAGGATGGCAAGATCCTGOTATCOGOGTCTGCGATTCCGACTC
GTCCAACATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAG
TCGAGAAATCACCATGAGTGACGACTGAATCOGUTGAGAATGGCAAAAGCTTATG
20 CATTTCTTTCCAGACTTIGTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCA
CTCGCATCAACCAAACCGTTATTICATICGTGATTIGUGCCTGAGCGAGACGAAATA
CGCGATCGUTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAACCGGCGCA
GGAACACTGCCAGCGCATCAACAATATTITTCACCTGAATCAGGATATTCTTCTAA
TACCTGGAATGCTGTTTTCCCGGOGOGATCGCAGTGGTCGAGTAACCATGCATCATCA
25 GGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATICCGTCAGCCAG
TTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGCCATGTTT
CAGAAACAACTCTGGCGCATCGOGGUTTCCCATACAATCGATAGATIGTCGCACCT
GATTGCCCGACATTATCOCCAGCCCATTTATACCCATATAAATCAGCATCCATGT
TCGOGAATTTAATCGCGGCCTCGAGCAAGACGTTICCCGTTGAATATGGUTCATAAL
30 ACCCCTIGTATTACTGTTTATGTAAGCAGACAGTTTITATIGTICATGATGATATAT
TITTATCTTIGTGCAATGTAACATCAGAGATTTTGAGACACAACGTGGATCATCCA
GACATGATAAGATACATTGATCGAGTTIGGACAAACCACAACTAGAATGCAGTGA
AAAAAATCGCTTITATTITCGTGAAATTTIGTGATGCTATTIGCTTITATITGTAACCATTAT
AAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTTITCAGGTT
CAGGGOUGAGGTGTGOUAGGTTTTTTAAAGCAAGTAAAACCTCTACAAATGTGOT

3
[ ]
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ATGGCTGATTATGA T Cgtegaggateeggeg T FATCAGACCTTCACCCAGGCOGTTIGAGGU
TGCGAGGCGAGAGGGUCGCCTIGTGCGACGOTCCTCCGACTCCCTGGCAGGCTIGT
CATCATCICCICGAGACCCGCOUCCIGCTCTGCCCTCAGCOTCTTGAAGAAGCGG
TCTACGTATTITGGCCGCGATGCIGACTGGOUTGTACATCCTCGACGATCTICTIGA
5 GUCCCAGGATOGATCCAGCOCTTGOGCTGCAGCCCAGGCOGATCTOGCTCCTIGGAGGG

TGCTGGTCOTGCCTOCGATGTCOCTACCCCTTIGGCTCAGCTGLTGCCLCTGTCCCAC
TCOGCTGCCTCCTCGTITGATGGTICTCCTTIGAGCATCTIGCATIGCCGCLCTGGIGTCC
ACCOGACCGCGOCUTIGAGGTCCTOCOGUTGTICOGCACCUCTCACTGAGTGCOOTGAALC
ATGGGCGATGACCGAGATCGAGCACGCCACGGTCCCGAGTAGCAGGAGCGACTGE

10 AGCCACATHcticogtttaaacgtcgacagatceaaacGUTCCTCCGACGTUCCCAGGCAGAATGE
CGGTTCCCTAAACGAGCATTGCTTATATAGACCTCCCATTAGGCACGCCTACCGC
CCATTTACGTCAATGGAACGCCCATTTGCGTCATTGCCCCTCCCCATTIGACGTCA
ATGGGGATGTACTTGGCAGCCATCGCGGGCCATTITACCGCCATTGACGTCAATGG
GAGTACTGUCAATGTACCCTGGCGTACTICCAATAGTAATGTACTIGCCAAGTTA

15 CTATTAATAGATATTGATGTACTGCCAAGTGGGCCATTTACCGTCATIGACGTCA
ATAGOGGGCGTGAGAACGGATATGAATGGGCAATGAGCCATCCCATTGACGTCA
ATGGTGGGTOGGTCCTATTGACGTCAATGGGCATTGAGCCAGGCGGGCCATTITACC
GTAATTGACGTCAATGGGGGAGGCGCCATATACGTCAATAGGACCGCCCATATG
ACGTCAATAGGTAAGACCATGAGGCCCTITCGTICTCGCGCGTITCGUGTGATGACG

20 GTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGT
GGATGCCGGGAGCAGACAAGCLCGTCAGGGLGCGTCAGCGOGTGTTGGCGGUGTG
TCGGGGCTGGUTTAACTATGCGGCATCAGAGCAGATIGTACTGAGAGTGCACCAT
ATGCGOGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGATIG
GCTATTGGCATTATGCC

25
SEQ 1D NO:18 p24CE] encoded by SEQ ID NG 17 (ncludes a GM-CSF signal peptide)
MWLQSLLLLGTVACSISVIPMFSALSEGATPQDINAAVGGHOAAMOQMLEDTINEEA
AEWDRAAAEPRGSHAGTTSTLQEGIGWAAAKRWHLGLNKIVRMY SPTSIAAKYVD
RFYKTLRAEQAAGLEEMMTACQGYGGPGHKAAISPRTLNAWVYKY

390

SEQ ID NG9 p24CE2 encoded by SEQ ID NO:17 (includes a GM-CSF signal peptide)
MWLOQSLLLLGTVACSISVIPMFTALSEGATPODLNAAVGGHQAAMOQMLKETINEEA
AEWDRAAAEPRGSDIAGTTSTLQEQGIAWAAAKRWHILGLNKIVRMY SPYSIAAKY VD
RFFKTLRAEQAAGLEEMMTACQGVGGPSHRKAALSPRTLNAWVYKY
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WHAT IS CLAIMED IS:

I A method for treating lvraphocvtopenia, cancer, or an infectious
disease 1 a human subject, the method comprising adnunistering an initial dose of IL-15/1L-
15Ra complex to the subject and admmistering successively higher doses of [L-15/1L-15Ra

complex i a Fibonacci series.

Z. The method of claim 1, wherein the initial dose of IL-15/1L-15Ra
complex 1s between 0.1 ug/ks to 5 ug/kg as determined based on the mass of IL-15/{.~15Ra

complex.

-
ol

The method of claim lor 2, wherein the IL-15 and {L-15Ra comprised

by the comaplex are non-covalently linked.

4. The method of claim 1, 2, or 3, wherein the {L.-15Ra is soluble L~

I5Ra.

5 The method of claim 1, 2, or 3, wherein the 1L-15Ra comprises a

sohuble HL-15Ra-Fe fusion protein.

5. The method of any one of claims 1 to 3, wherein the IL-13/IL15Ra s

administered subcutangously.

7. The method of any one of claims | to 5, wherein the 1L-15/1L15Ra s

administered intraperitoneally.

3. The method of any one of claims 1 to 3, wherein the IL-15/IL15Ra s

adnunistered intravenously.

9. The method of any one of claims 1 to 7, wherein the mitial dose and at
least one successively higher dose 1s administered within one week.

10, 'The method of any one of claims 1 to 7, wherein the mitial dose and at

least one successively bigher dose is administered within two weeks.

11, The method of any one of claims 1 to 10, wherein the patient is

mfected with HIV.

12. The method of claim 11, wherein the patient is undergoing treatment

anti-retroviral therapy.
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13, 'The method of claim 11 or 12, wherein the patient has been

adnunistered a CF immunogen prior to the administration of the 1L-15/{L.~-15Ra complex.

14. The method of ¢laim 13, wherein the 1L-15/1L-15Ra complex is
admimstered about 4 days, about 5 days, about 6 days, or about 1 week following the
administration of the CE itimmunogen; or atleast 1, 2, 3, 4, 8, or 12 weeks following the

adnunistration of the CE mmmunogen.

15, The method of any one of claims 1 to 10, wherein the patient has
cancer.
16, A method for treating lymphooytopenia, cancer, or an infectious

diseasc 1n a human subject, the method comprising adnuinistering an nitial dose of a
cvioking-confaiing complex to the subject, wherein the cyvitokine complex binds [L-2/11-15
Receptor beta-gamma and dos not trigger Treg preferential amphification;

and administering successively higher doses of IL-153/1L-15Ra complex in a

Fibonacct serics

17, A method of monitoring treatment of a patient with IL-15, the method
comprising determining the levels of expression of CXCR3 on the surface of lymphocyies, or
blood levels of CXCL13 or IL-18 in a patient following administration of an HL.-15/1L-15Ra

complex.

I8, A method of monitoring treatment of a patient with IL-15, the method

comprising determining the proliferation of lymphocytes as indicated by Ki67 levels.

19, The method of claim 18, further compnsing monitoring the levels of
one or more selecting markers selected from the group consisting of CXCRS, CXCL13, abd

IL-18.
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Figure 10
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Figure 14
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Figure 15

High dose escalation

Low dose escalation
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SV DNA copies/10°8 cells

SiV RNA copies/10°6 celis
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Figure 21A-21C
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