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necessary for the antitumor effect of immunization plus anti-PD-L1 treatment.
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ADJUVANT EFFECT OF THE TLR1/2 AGONIST DIPROVOCIM
SYNERGIZES WITH CHECKPOINT-INHIBITING ANTIBODIES TO
ELTMINATE DISEASE

Description

GOVERNMENTAL SUPPORT

This invention was made with governmental
support under AI125581 awarded by the National
Institutes of Health. The government has certain

rights in the invention.

BACKGROUND ART

By activating antigen-presenting cells
{APCs} including dendritic cells (DCs) and
macrophages, adjuvants hold the potential to unleash
the natural functions of cytotoxic T lymphocytes
{CTLs} to kill pathogens or cancer. Many adjuvants
including TLR agonists engage innate immune receptors
on APCs, inducing APCs to present antigens, produce
cytokines, and provide costimulatory signals (1, 2)
to antigen-specific CD8 T cells. In response to
these signals, CD8 T cells proliferate and
differentiate into CTLs capable ¢of kiiling infected
or tumcr cells expressing their target antigen. 1In
addition, such signals activate CD4 T cells, inducing
their expansicon and differentiation into Thl or Th2 T
helper cells ({3).

Cne ¢f the most impcortant targets of
improved adjuvant technology lies in the field of
cancer immunctherapy, where the adaptive immune
systenn is exploited to kill cancer ceils based on
their expression of cancer asscclated antigens or

neo-antigens (4, 5). The effectiveness of cancer
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immunotherapy depends on the generation and
activation of tumor-specific CTLs (5, &) and on their
maintenance of activity in vivo, leading to killing
of tumor cells and a long lasting anti-tumor memory

M

response (5). Thus, immune checkpoint inhibkitors

b

v as anti-PD-1, anti-PD-L1 and anti-CTLA-4 have

n

uc
achieved remarkable clinical success in the treatment
of melanoma and other cancers through their action in
blocking pathways that inhibit CTL activation (7, 8).

However, even among those tumors known to
be susceptible to checkpoint blockade, response rates
of only about 20% have been reported for PD-1/PD-L1
antibody treatment (5, 9), possibly due to
insufficient numbers or activation of tumor-reactive
CTLs, or their failure to infiltrate tumors. These
deficiencies may be exacerbated by immunosuppression
induced by the cancer environment.

In addition, the lack of T cell support is
thought to be at least in part responsible for the
lack of vigor exhibited by many synthetic vaccines
against variocus pathogens as well as cancer-related
cell surface antigens. ENREE 21

TLR ligands have long been known to act as
adjuvants in adaptive immune responses {10, 11)
signaling via adapter proteins (MyD88, TRIF, TRAM,
MAL), kinases, and ubiquitin ligases to activate NF-
kB and IRFs (12-i4). These and cther transcription
factors induce the expressiocon c¢f thousands of genes
that carry cut the innate immune response (15).
Several nuclectide-based adjuvants such as TLR3
agonist poly I:C (9), TLRY agonist CpG (16), and
STING agonist cGAMP (&) have been reported to improve
the efficacy of immune checkpolint inhibitors in pre-

clinical models for cancer freatment.
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These approaches aim to increase the number
of tumor-specific CTLs upon which checkpoint
inhibitors can act. However, they have relied
chiefly on natural TLR ligands, which are difficult
to synthesize, and in some instances gquite toxic,
presumably because they become widely disseminated in
vivo, and activate myeloid cells indiscriminately,
producing cyteckine storm (17). Development was
sought of agonists with superiocor pharmacologic
properties, with defined structural and molecular
mechanisms from which key adjuvant design principles
can be learned.

By screening a library of synthetic
compounds, a potent human- and mouse-active TLR1/2
agonist, Diprovocim, was identified that has no

tructural similarity to any microbial TLR agonist.

n

T

s described below, Diprovocim illustratively elicits

k.
v

strong adjuvant activity in mice, successfully
irnhibiting tumor growth and prolonging survival when
combined with a cancer antigen and immune checkpoint

"

blockade in the B16-0OVA melzancma model.

BRIEF SUMMARY OF THE INVENTION

Adjuvants enhance adaptive immune
responses, scmetimes through unknown mechanisms, and
can be used tc augment both humcral and cellular
responses tc cancer antigens. The invention
described herein illustrates synergistic
immunological effects of the synthetic chemical

adjuvant Diprovocim, which targets the innate immune

I}

receptor TLR2/TLRLI in mice and humans, that when used
in conjuncticon with a diseased cell marker immuncgen
molecule and a checkpoint inhibitcr provides a

=

synergistic effect in inhibiting the growth cf a
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diseased cell as compared to the use of the
individual components or any two of those components.
The present invention thus contemplates a
method of inhibiting the growth of diseased cells in
a mammal. Those diseased cells express a marker
molecule that is absent from cells of the same type

that are free of the disease or 1is present in the

o8

isease-free cellis in significantly reduced numbers
compared to said diseased cells. A contemplated
method comprises the steps of immunizing a diseased
mammal in need by: a) administering to the diseased
manmal (i) an adjuvant-sufficient amount of a
Diprovocim compound, {(ii) a T cell-stimulating amcunt
of an immune checkpoint inhibitor, and {iii) an
immunizing amount of a disease marker molecule. The
immunized mammal is k) maintained for a time periocd
sufficient for the mammal to mount an immune response
to the immunization and inhibit growth of diseased
cells.

A contemplated Diprovocim compound

corresponds in structure to structurai Formula V,

R1

\NH

3
e} R
. Z NH
N
0 | 0
W_ . = N Vv
NH A

/

R2 ©

wherein
-A is -H (hydrido) or —C(O)NH—R4;
Rl, RZ, R3 and R%? are the same or different

and are a 2-{4-fiuorophenvyl)ethyl, a trans-Z-
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phenylcycloprepyl, a trans—-Z-(4-fluorophenyl)-
cyclopropyl or a C»-Cqg hydrocarbyl group with the
provisos that:

1} at least two of Rl, R+, > and R4 (R1‘4)

98]

or at least two of Rl, Rz, and R3 (Rl_ } are a trans-

2-phenvlcyclopropyl, a trans-2-(4-fluorophenvyl)-
cyclopropyl group or a mixture thereof, or sach of
rl-4 is & 2-({4-fluorophenyl)ethyl group,

2} at least one depicted
pyrrolidinyldicarboxamido group has the (S,8)
configuraticon, and each depicted R substituent other
than a C2-C1g hydrocarbyl group is a trans-2-
phenvlcyclopreopyi, a trans-2-{4-flucrophenyl)-
cyclopropyl group or a nixture thereof when each of
r1-4 is other than 2-({4-fluorcophenylijethyl,

3) nc more than two of RI™% are Cz-Cq1g
hydrocarbyl groups when -A is -C(0)NH-R?, and

4) when A is hydride, one of R1-3 can be a
C»-Cq1g hydrocarbyl group and the depicted R3-
containing pyrrolidinylcarboxamido group can have
either the R or 5 configurations, or a mixture of
both configurations;

-Z is one or more of halogen -H, -NHp», -0OH,

-OCHy, -NGp, -0CH,CO2E, -0O(CH»CH20),CH,CHE-CORH,
~OCH,CONH (CHpCH0) ,CHpCHoCO2H, -NHCOCH0-

(CHyCHLO) jCHpCO2H, —OCH,CONHCHoCONHCH (CHOH) COoH,

~OCH CONHCHo CONHCHCOH (CHCOoH) |,
~OCHpCONHCH»CONHCH (CHOH) (CHpCH0) ,CHpCHCO0H,
~OCH, CONHCH » CONHCH (CHOH) (CHpCHp0) nCHoCHoCOH,
-OCH,CONHCH,CONHCH (CHp) 4NH, 1 COZH,

-OCH,CONHCH,CONHCH (CH,OH) CO{NHCH [ (CHp) 4NHp ] CO}, NHCH-
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[ (CHp) 4sNH-]CO-H (SEQ ID NOs: 3-8),
~OCHZCONHCHCO {NHCH{ (CHy ) gNH2 1 CO} oNHCH [ (CHy ) gNH]COoH
{(SEQ ID NOs: 9-13)
and —OCHZCONHCH2CO{NHCH(CHZOH)CO}qNHCH(CHQOH)COZH
(SEQ ID NOs: 14-18);
W is nitrogen (N) or CH;

is a number whose average value is one

to about eight;

AAY ”

m” is a number whose value is 1 to about
G; “p” is a number whose valiue is 1 to about
6; and

“g” is a number whose valiue is 1 to about
G.

Diprovocim-1 (WO 2018/005812; Compound 3)
displayed strong adiuvant activity in mice,

particularly abetting cellular immune responses.

oéh“ HNY
o)

o
o

N o) %Té

HN,,

Y Diprovocim-1 v
Ph

Ph

Immunization against a genetically engineered tumor-
specific antigen, ovalbumin, when adijuvanted with
Diprovocim-1, 1nhibited the growth of B16 melancma
and prolonged survival in the presence of immune
checkpoint blockade by anti-PD-L1. Immunization with
ovalbumin plus the Diprovocim or cvaibumin plus the
anti-PD-L1 inhibitor, exhibited some benefit, but

100% of mice responded to immunization with the three
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components: Diprovocim, immuncgen and checkpoint
inhibitor. The data suggest Diprovocim-1 boosts the
success of anti-PD-L1 freatment by increasing the
number and activation of tumor-specific CTLs capable
of responding to this checkpoint inhibitor.

As disclosed in WC 2018/005812 and Morin et
al., J Am Chem Soc, In Press (2018), several members
of the Diprovocim family have been prepared, their
activity assaved, and have been given numbers such as
Diprovocim—-1 through DPiprovocim-6. Several other
compounds of the Diprovocim family having similar
activity prefiles, similar to somewhat lesser
activity values in the assays used, have also been
prepared and assaved.

Diprovocim-1 has been used herein as an
exemplary member of the whole family, and is to be
understood hereinafter to mean a Diprovocim family
member is used when the word Diprovocim is used

without an added hyphenated numeral. Thus, when used

w 44

in connection with the words “family” cr “a” as in

(4

“Diprovocim family” or “a Diprovocim”, the word
“Diprovocim” is used to mean a member of the
Diprovocim family as defined by Formuia V. The word
“Diprovocim” used with the word “preferred” refers to
a compound cof Formula I, and the phrase “more
preferred” or “more preferably” refers to a
Diprovocim family compound of Formuia Ia. A “most
preferred” Diprovocim is one of the compounds
ilettered A-I noted below.

A preferred member of the Diprovocim family

of compounds 1s a compound that corresponds in

structure to structural Formula I, below,
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NH
O Z ~ R
o NH
NN
0 | 0
W N I
iy \)\W C¢o
/ O
R2 NH
\
R4

in which -A —C(O)NH—R4. The depicted R1_4, W and Z
moleties are as described above.

A still more preferred member of the
Diprovocim family of compounds is a compound that
corresponds in structure to structural Formula Ia,

below,

R']

NH o =3
O ‘n, Z N H -

N
O o)
N ° Ia

NH U
5 0 l/
R NH

\R 4

Structural formulas ©of currently most
preferred compounds of Formula Ia in which R1-4 are
as previously defined, and -2 is hydrido (-H) are
shown hereinafter as compounds of Formulas A, B, C,
D, E, F, G, H, and I.

A Diprovocim is utilized in an adjuvant-
sufficient amcunt to contact host mammal cells that
express an antigenic disease-related marker molecule.

The host mammal cells that express an

antigenic disease-related marker compound such as a
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peptide seguence are also contacted with an immune
response—-stimulating amount of a checkpoint
inhibitor, preferably an antibody or paratope-

containing antibody portion.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings forming a portion of this
disclosure

Fig. 1A through Fig. 1F provide a series of
graphs that illustrate that Diprovocim induces
cytokine secretion by mouse and human cells. Fig.
1A-1D illustrates amounts of TNF in the supernatants
of human THP-1 cells (Fig. 1A}, human FBMC (Fig. 1B},
mouse peritoneal macrophages (FPig. 1iC), or mouse BMDC
{({Fig. 1D) after treatment with Diprovocim-1 for 4
hours (Fig. 1A, Figs. 1C-1D) or 24 hours ({(Fig. 1B).
Fig. 1E illustrates the amounts cf IL-¢ in the
supernatants of mouse BMDC after treatment with
Diprovocim for 4 hours. In each of Fig. 1A-1E the
means of three independent samples are plotted; P
values were determined by one-way ANOVA to compare
the responses to different doses; in all studies P <
0.0C001. Results in Fig. 1A - Pig. 1E are
representative of two independent studies.

Fig. 2A through Fig. 2D iilustrate that a
Diprovocim activates mouse and human TLR1/TLRZ. Fig.
2R 1s a graph showing the amount c¢f TNF in the
supernatants c¢f mouse peritoneal macrophages of the
indicated genctypes after treatment with Diprovocim
(50C nM) for 4 hours (n = 3 mice per genotype).
Cytokine levels were normalized toc those of
stimulated C57BL/€J cells. P values were determined
by Student’s t test and represent the significance of

differences between responses cof stimulated CH7BL/EJ
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cells and stimulated cells of mutant genotypes; four
stars indicate those with statistically significant
differences. Fig. 2B is a graph showing the amount
of TNF in the supernatants of human THP-1 cells
pretreated with control antibody, anti-TLR1 (20
pg/ml), or anti-TLR2 (20 pg/ml) for 1 hour, followed
by treatment with vehicle or Diprovocim (250 pM) for
another 4 hours. P values were determined by
Student’s t test. In Fig. ZA and Fig. 2B the means
of three independent samples are piotted. Fig. 2C
and Fig. 2D are immunoblot shcow the results of
analysis of lysates of human THP-1 cellis (Fig. 2C})
and mouse peritoneal macrophages (Fig. 2D) treated
with Diprovecim (5 nM in THP-1 and 500 nM in mouse
peritoneal macrophages) for the indicated times. All
resulis are representative of two independent
studies.

Fig. 3A through Fig. 3G illustrate through
graphs and schemes that Diprovocim enhances antigen-
specific antibody and CTL responses. Fig. 3A - Fig.
3C show results WT or TIr2” C57BL/6J mice (4 mice
per group) were immunized i.m. with 100 ug OVA mized
with vehicle, Diprovocim (10 mg/kg), or alum (2
mg/kg) . After 14 days, serum titers of OVA-specific
IgG {Fig. 3A), OVA-specific IgGl (Fig. 3B) and OVA-
specific IgGZb (Fig. 3C} were measured by ELISA.

Fig. 3D shows a schematic of the experimental setup
{left) and resuits for detection (center) and
qgquantification {(right)} of CD69 expression on OT-I CD§
T cells by flow cytometery after 24 hours co-culture
with DC collected from mice 24 hours after they were
immunized i.m. with OVA mixed with vehicle or

Diprovocim (4 mice per group).
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Fig. 3E and Fig. 3F show results from mice
that were unimmunized or immunized i.m. with 100 ug
OVA mixed with vehicle or Diprovocim (10 mg/kg) (4
mice per group). Seven days after immunization, mice
were injected i.v. with Celltrace Violet-labeled
mouse splenocytes that were unpulsed {(control cells)
or pulsed with OVA peptide (a.a. 257-263) (target
cells). Two davs later, blood was collected to
measure remaining live dye-labeled cells. Fig. 3E
illustrates representative flow cytometry plots that
count remaining target cells (right peak) and contrel
cells (left peak) in wild type mice. Fig. 3F shows a
quantitative comparison of the percentage of target
cells killed in WT, Tirl Tor Tir2” mice. P values
were determined by Student’s t test. All results are
representative of two independent studies.

Fig. 4A through Fig. 4J illustrate
inhibition of B16-OVA tumor growth by pre- or post-
tumor treatment with Diprovocim-adijuvanted tumor
vaccination and checkpoint blockade. Fig. 4A
provides a schematic of pre- and post-tumor treatment
protocols. C57BL/6J mice (n=8 mice per treatment)
were injected s.c. with 2x10° B16-OVA melanoma cells
on day 0. For pre-tumor treatment, mice were
immunized i.m. with OVA (100 ug) mixed with vehicle
or Diprovocim (10 mg/kg) or alum (2 mg/kg) on the
same day prior to tumor injecticon. Mice received a
booster immunization seven days later in which anti-
PD-1L1 (200 ug) was administered cn days 3, 6 and 9
after tumor inoculation by i.p. 1njection. For post-
tumor treatment, initial immunization was on day 3
after tumor inoculation, with a booster seven days
later. Anti-PD-LI (20C ug) was administered on days

3, 6, 9, 12, and 15 after tumor inccuiation by i.p.
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injection. Fig.4B through Fig. 4F illustrate pre-
tumor treatment results. Tumor volume (Fig. 4B and

Fig. 4D) and percent mouse survival ({survivors/total

mice} (Fig. 4C and Fig. 4E). Fig. 4F shows naive
mice (n = 8) cor day 35 tumor-free survivors (n = 8)

from (Fig. 4C) were challenged with 2x10° cells each
B16-OVA and B1l6F10 tumor cells by s.c. injection, and
tumor volume was monitored. Fig. 4G through Fig. 443
illustrate a comparison of pre-tumor (Fig. 4G and
Fig. 4H) vs. post-tumor treatment (Fig. 4I and Fig.
43y . Tumor volume (Fig. 4G and Pig. 4I) and percent
mouse survival {survivors/total mice) (Fig. 4H and
Fig. 4J) are shown. P values for tumor volume
analysis apply to the final time point as indicated
in graphs and were calculated by Student’s t test. P

values for survival analysis were calculated by

R

laplan-Meier analysis. All results are

.

representative of two independent studies.

Fig. 5A through Fig. 5M illustrate that a
Diprovocim enhances TILs and anti-tumor CTL
responses. Fig. LBA is a schematic of treatment
protocol for Pig. 52 through Fig. 5J in which
C57BL/6J mice (n=6 mice per treatment) were injected
s.c. with 2x10° B16-0VA melancma cells on day 0 and
three days later, immunized i.m. with OVA (100 uqg)
mixed with vehicle or Diprovocim (10 mg/kg) or alum
(2 mg/kg). Mice received a bocster immunization on
day 10 after tumor inoculation in which anti-PD-L1
(200 pg) was administered on days 3, 6, 9, and 12
after tumor inocculation by i.p. 1injection. Tumors
were harvested on day 14 to isclate and analyze
tumor—-infiltrating leukocytes (TILs). Fig. 5A
through Fig. 5J illiustrate the frequency of esach cell

type out of total tumor cells is shown. Fig. 5B
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shows TILs (CD45%). Fig. 5C shows CD4 T cells
(CD4'CD3'CD45") . Fig. 5D shows activated CD4 T cells
(CD44™9°CD4"CD3"CD45Y) . Fig. 5E shows CD8 T cells
(CD8'CD3'CD45") . Fig. 5F shows activated CD8 T cells

(CD44™*CDpe'CD3CD45Y) . Fig. 5G shows OVA-specific CD8
T cells bearing a T-cell receptor specific for OVAisi-

sey—H2Kb tetramer. Fig. 5H shows NK cells (NK1.1°CD3~
CD45"). Fig. 5I shows DCs (CD11c'CD237CD457). Fig. 537
shows macrophages (F4/80°CD11b'CD45%) .

Fig. 5K is a schematic of treatment a
protocol for Fig. 5L and Fig. 5M in which C57BL/&d
mice {(n=8 mice per treatment) were injected s.c. with
2x10° B16-OVA melanoma cells on day 0 and three days
later immunized i.m. with OVA (100 ug) mixed with
vehicle or Diprovocim {10 mg/kg). Mice received a
booster immunization on day 10 after tumor

inoculation in which anti-PD-L1 (200 ug) was
administered on day 3, €, 9, 12, and 15 after tumor
inoculation by i.p. injection. On day C, 3, 6, 9,
12, and 15, anti-CD4 (300 ug), anti-CD8& (300 ug),
anti-NK1.1 (300 ug), or a mixture of these three
antibodies was administered to C57BL/6J mice by i.p.
injection. Tumocr volume (Fig. 5L} and percent mouse
survival (survivors/total mice) (Fig. 5M) are
illustrated. P vaiues for tumer voiume analysis
apply to the final time point as indicated in graphs
and were calculated by Student’s t test. P values
for survival anaiysis were calculated by Kaplan-Meier
analysis. All resultits are representative of two
independent studies.

Fig. ¢ shows a schematic model of key
cellular events mediating the antitumor effect of
Diprovocim—adjuvant immunizaticn pius checkpoint

inhibition.



CA 03108515 2021-02-02

WO 2020/028532 PCT/US2019/044421

Fig. 7 illustrates that a Diprovocim does
not stimulate IFN-$ secretion by mouse peritoneal
macrophages. IFN-2 in the supernatants of mouse
peritoneal macrophages after treatment with
Diprovocim or LPS for 4 hours was assayed. The means
0of three independent samples are plotted. P values
were determined by Student’s t test; no significant
differences were found between responses of
unstimulated cells (0 nM) and Diproveocim-stimulated
cells. Results are representative of two independent
studies.

Fig. 8A and Fig. 8B illustrate that anti-
FD-1L1 antibodies do not inhibit Bl1€ tumor growth in
mice. CB57BL/6J mice {(n=8) were injected s.c. with
2x10° B16-0OVA melanoma cells on day C. Anti-PD-L1
{200 pg) or mouse IgGZa isotype control antibody was
administered on days 3, 6 and 9 after tumor
inoculation by i.p. injection. PFig. 82 is a graph of
tumor volume versus time and Fig. 8B is a graph
showing percent mouse survival (survivors/total mice)
versus time. The control values in both plots are
shown above those for the anti-PD-LI values where the
two values diverge. The P value for tumor volume
analysis applies to the final time point and was
calculated by Student’s € test; no significant
difference was found between treatments. P values
for survival anaiysis were calculated by Kaplan-Meier
analysis; nc significant difference was found between
treatments. Results are representative of two
independent studies.

Fig. %A and Fig. 9B illustrate that =z
Diprovocim is more potent than PamsCSK; in activation
of TNF production in human cells. Fig. %A and Fig.

9B show TNF amcunts assayed from the supernatants of
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human THP-1 cells {(Fig. 9A) and human PBMC (Fig. 92B)
after treatment with Diprovocim or Pams;CSKy for 4
hours (Fig. S%A) or 24 hours (Fig. 9B). Data points
for Diprovocim are shown generally to the left of
data points for PamsCSK; in Fig. 9%9A, above data points
for Pam;CSK; where the lines diverge in Fig. 9B. The
means of three independent samples are plotted.
Results are representative of two independent

studies.

Definitions

Antibody: a polypeptide that
immunologically bkinds to a ligand group. Antibodies,
as used herein, are immunoglobulin molecules and
immunologically active fragments of immunoglobulin
molecules. Such portions known in the art as Fab,
Fab'; F(ab')s and Fy are included. Typically,
antibodies bind ligands that range in size from about
6 through about 34 Angstroms (A) with association
constants in the range of about 104 to about 1010
M~1, and as high as 1013 M~1. Aantibodies can bind a
wide range cf ligands, including smail molecules such
as stercids and prostaglandins, biopoiymers such as
nucleic acids, proteins and pclysaccharides, and
synthetic polymers such as polypropyiene.

An "antibody combining site"™ or “paratope”
is that structural portion of an antibody molecule
comprised of a heavy and light chain variable and
hypervariable regions that specifically binds to

(immunoreacts with) an “antigen” or “epitope”

The term “antibody” is meant to
particularly encompass monoclonal antibodies that are
suitable for injection ({(pharmaceutically acceptable)

into a diseased mammal in need ¢f treatment without

'
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undo adverse effects due to contaminants. Such
monoclonal antibodies can ke obtained from the animal
species that is immunized as discussed herein, such
as a human. Or, the antibodies can be induced in cne
animal and the antibody-producing cells modified to
produce antiboedy protein seguences of the mammal to
be immunized. Alithough other species of mammal are
contemplated for immunization, a human is a
particularly preferred recipient of the immunization.
As a conseguence, a contemplated monoclional antibody
that was originally induced in a mouse, for example,
can be more useful to a human recipient as a so-

\

called “humanized” antibody, or as a “chimeric”
antibody. These terms are used herein as described
in Internatlional Nonproprietary Names (INN} for
biclogical and bictechnological subst a
review), Worlid Health Organization {(2016), S2.7.

The word "antigen”™ has been used
historically to designate an entity that is bound by
an antibody or receptor, and alsc to designate the
entity that induces the production of the antibody.
More current usage limits the meaning of antigen to
that entity bound by an antibody or receptor, whereas
the word "immunogen" is used for the entity that
induces antiboedy production or binds to the receptor.
Where an entity discussed herein is both immunocgenic
and antigenic, reference to it as either an immuncgen
or antigen 1s typically made acccrding to its
intended utility.

The term "immuncreact” in its varicus forms
is used herein to refer to specific binding between
an antigenic determinant-contalning molecule

(antigen) and a moiecule contalning an antibody

'
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3,
H

combining site such as a whole antibody molecule or a
paratope-containing portion thereof.

An "antigenic determinant™ is the
structural portion cof the antigen that is
immunologically bound by an antibody combining site
or T cell receptor. The term is also used
interchangeably with "epitope". Antibodies can bind
a single epitope of an antigen (monoclonal) or
multiple epitopes (polyclonal). In a proteinaceous
material, the length of a linear epitope is usually
recited as being about 5 to about 7 amino acid

residues.

AN 7 A%Y i4s

The articlies “a” and “an” are used herein
to refer to one or to more than one (i.e., to at
least one) of the grammatical object of the article.

A\Y

By way of example, “an element” means one element or
more than one element.

The word "hydrocarbyl" is used herein as a
short hand term for a non-aromatic group that
includes straight and branched chain aliphatic as
well as alicyclic groups or radicals that contain
only carbon and hydrogen. Thus, alkyl, alkenyl and
alkynyl groups are contemplated, whereas aromatic
hydrocarbons such as phenyl and naphthyl groups,
which strictly speaking are also hydrocarbyl groups,
are referred to herein as aryl groups or radicals, as
discussed hereinafter.

Where a specific aliphatic hydrocarbyl
substituent group is intended, that group is recited;
i.e., methyl, ethyi, butyl, tert-butyi, hexyl,
hexenyl, Z-ethylhexyl, dodecyl (Ci2}, octadecyl
(C1g). A particuliarly preferred hydrocarbyl group is
an alkyl group. As a conseguence, a generalized, but

more preferred substituent can be recited by
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replacing the descriptor "hydrocarbyl"™ with "alkyl"®
in any of the substituent groups enumerated herein.

Although iong chain (e.g., Cig} hydrocarbyi
groups are contemplated, examples of shorter (Ci-Cy)
groups are used illiustratively here. Such
illustrative alkyl radicals include ethyl, n-propyl,
isopropyl, n-butyl, iscobutyl, sec-butyl, tert-butyl
and cyclopropyl. Examples of suitable alkenyl
radicals include ethenyl (vinyl}, Z2-propenyl, 3-
propenvyl, 1,4-butadienyl, l-butenyl, 2-butenyl, and
3-butenyl. Examples of alkynyl radicals include
ethynyl, Z-propynvli, l-propynyl, l-butynyl, 2-
butynyl, 3-butynyl, and l-methyl-Z-propynyl.

As a skilled worker will understand, a
substituent that cannot exist such as a Cq alkenyl
group 1is not intended to be encompassed by the word
"hydrocarbyl”, alithough such substituents with twe or
more carbon atcoms are intended.

Usual chemical suffix ncmenciature is
followed when using the word "hydrocarbyl" except
that the usual practice of removing the terminal "yi"
and adding an appropriate suffix is not always
followed because of the possible similarity of a
resulting name to one or more substituents. Thus, a
hydrocarbyl ether is referred to as a
"hydrocarbyloxzy" group rather than a "hydrocarboxy"
group as may possibly be more proper when following
the usual rules of chemical nomenclature.
Illustrative hydrocarbyloxy groups incliude methoxy,
ethoxy, n-propoxy, isopropoxy, allylioxy, n-butozy,
iso-butoxy, sec-butoxy, and tert-butoxy groups.

Ligand: a molecule having a structural
region that binds specifically to a particular

receptor molecule, usually via electrostatic forces
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and/or hydregen bonds. An exemplary ligand is the
epidermal growth factor molecule.

The “marker molecule” (antigen or
immunogen) can be but need not be expressed on the
cell surface, and rather can be expressed anywhere in
the diseased cell. The reason for that is that
substantially ail of the native cellular proteins of
mammals are processed into shorter peptides by the
cell and bound extracellularly by class I MHC
molecules. Such native proteins are typically so
processed during the organism’s immaturity, and T
cells or other immune cells that may be induced by
those native protein portions are eliminated by the
organism prior to maturity, resulting in “self
protein” tolerance. As a result, except in cases of
certain immunclogical diseases, only foreign peptides
or neoantigenic peptides caused by disease such as
cancer whose cells result from mutation are
recognized as “foreign” and induce an immune response
to the MHC-bound peptide.

Further, as to mutations, at times the
mutation can be a frame-shift mutation, and an un-
natural seguence of amino acids results. The marker

AN

molecule can also be a “tumcr antigen;” that is, a
protein that can be expressed by cther cells during
erbryonic development, for example, but is
characteristicaliy expressed much more by tumors than
by normal cells. Or the marker moclecule can be an
oncogene product, for example, an abnormal fusion
protein created by a recombinaticon event within tumor
cells. The marker molecule can also be the product
of an infecticus agent such as a virus or bacterium

as well.
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Peptide/Polypeptide: an oligomer or polymer
comprising at least two amino acid residues in which
adijacent residues are linked by a peptide bond
between the alpha-aminco group of cne residue and the
alpha-carboxyl group cf an adjacent residue. The
primary structure of a polypeptide has a primary
amine group at one terminus and a carboxylic acid
group at the other terminus of the polymer. A
peptide or polypeptide is depicted herein and usually
in the art from left to right and in the direction
from amino-terminus to carboxy-terminus. Also, a
polypeptide in agueous solution is usually in one or
more zwitterionic forms depending on the pH of the
solution. The words “peptide” and “polypeptide™ are
used interchangeably herein.

Protein: a single polypeptide or set of
cross—-linked polypeptides comprising more than about
100 amino acid residues. Proteins can have chemical
crosslinking, e.g., via disulfide bridges, within the
same polypeptide chain or between adiacent
polypeptides. When a protein is glycosylated it can
be called a glycoprctein. When a protein comprises
one or more discrete polypeptide/protein subunits
iinked together, as by a peptide linkage, aminc acid
residue seguence, disulfide bridge, and the like, the
protein is frequentlily termed a fusion protein, fusicn
polypeptide, chimeric fusion, and the like.

Receptor: a biologically active
proteinacecus moiecule having a structural region
that specifically binds to (or with) another molecule
{(ligand). An exemplary receptcr molecule is an
antibody combining site or a transmembrane cellular
protein molecule involved in intra- or intercellular

signaling such as the endcthelial growth hormone

]
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receptor referred to as EGFR, ERBBE and also as HERZ,
and the like.

The term "residue"” is used interchangeably
with the phrase amino acid residue. All amino acid
residues identified herein are in the natural or L-
configuration. In keeping with standard polypeptide
nomenclature, [J. Bicl. Chem., 243:3557-59 (1969%9})],
abbreviations for amino acid residues are as shown in

the following Table of Correspondence.

TABLE OF CORRESPONDENCE

1-Letter 3-Letter AMINO ACID NAME
Y Tyr L-tyrosine
G Gly giycine
¥ Phe L-phenylalanine
M Met L-methionine
A Ala L-alanine
3 Ser L-serine
I Iile L-isoleucine
L Leu L-leucine
T Thr L-threonine
v Val L-valine
Pro L-proline
K Lys L-lysine
H His L-histidine
Gin L-glutamine
Giu L-glutamic acid
Z Gix L-glutamic acid
or
L-glutamine
W Trp L-tryptophan
Arg L-arginine
Asp L-aspartic acid
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Asn L-asparagine
Asx L-aspartic acid
or
L-asparagine
C Cys L-cysteine

The present inventicn has several benefits
and adwvantages.

A salient benefit of the invention is that
the combination immunization provides synergistic
results in inhibiting diseased cell growth.

An advantage of the invention 1is that the
combination immunization provides T cell help that
virus- and bacteria-free wvaccines have often lacked.

Ancther benefit that the invention provides
is that those skiiled in the art have been finding,
studying and publishing formulas of disease-related
immunogens that have been ultimately unsuccessiul
since the early 19807s but can now be successfully
put to use.

Still further benefits and advantages of
the invention will be apparent to the skilled worker

from the disclcosures that follow.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention contemplates a method
of inhibiting the growth of diseased cells in a
mammal. Those diseased cells express one or more
marker molecules that are absent on cells of the same
type that are free of the disease or are present in
the disease-free cells in significantly reduced
numbers compared to the diseased cells. Workers
skilled in the art have pubklished numerous articles

and reviews discussing marker molecules that are

22—
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present in diseased cells in amcunts significantly
greater than the amount present in disease-free cells
and methods for determining these differences. See,
for example, Kim et al., BMB Rep 50({6):285-298 (2017)
and the citations therein. 1In addition, technigues
such as guantitative western blots performed with
optical density scans or radicactivity detection
means and other means are well known in the art.
Cells “of the same type” are disease-free cells from
the same organ and tissue as the diseased cells.

A contemplated method comprises the steps
of immunizing a diseased mammal in need by: &)
administering to the diseased mammal (i} an adjuvant-
sufficient amount of a Biprovocim compound, (ii) a T
cell-stimulating amount of an immune checkpoint
inhibitor, and {(iii) an immunizing amount of that
marker molecule. The immunized mammal is b)
maintained for a time period sufficient for the
mammal to mount an immune response to the
immunization and inhibit growth of diseased cells.

A contemplated Diprovocim compound

corresponds in structure to structurai Formula V,

R1
AN
O
o) N | ¢}
W= N A
NH A
R2 ©

wherein

-A is -H (hydrido) or —C(O)NH—R4;

-23-
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Rl, RZ, R3 and RY are the same or different
and are a 2-(4-fluorophenyl)ethyl, a trans-Z-
phenvlicyclopropyi, a trans—-2Z2-(4-flucrophenvyl)-
cyclopropyl or a Cp-Cqg hydrocarbyl group with the
provisos that:

1y at least two of Rl, R2, 3 and RrR% (R1‘4)
or at least two of Rl, RZ, and R3 (R1_3) are a trans-
2-phenylcyclopropyvli, a trans—-2-(4-fluorophenyl)-
cyclopropyl group or a mixture thereof, or each of
rR1-4 is a Z—{4-flucrophenyl)ethyl group,

2} at least one depicted
pyrrolidinyldicarboxamnido group has the (S,5)
configuration, and each depicted R substituent other
than a C»-Cig hydrocarbyl group is a trans-2-
phenylcycloprepyi, a trans—-2-{4-fluocrophenyl)-
cyclopropyl group or a mixture thereof when sach of
R1-4 is other than 2-{(4-fluorophenyli)ethvyl,

3) no more than two of RI74 are Co-Cqg
hydrocarbyl groups when -A is ~C(0)NH-R4, and

4) when A is hydrido, one of R1=3 can be a
C2-Cqg hydrocarbyl group and the depicted R3-
containing pyrrolidinylcarboxamide group can have
either the R or § configurations, or a mixture of
both configurations;

-Z is one or more of halogen -H, -NH», -CH,
-0CH3, -NO,, -OCH»COzH, -C(CH;CH,0),,CHE-CH;CO2H,
-OCHoCONH (CH2CH20) nCHoCHoCO2H, -NHCOCH,O-
{(CHE,CH20) ,CHoCOpH, -OCH,CONHCH,CONHCH (CHCH) C02H,
-QCH, CONHCH,CONHCHCO2E(CHCO2H) ,
-OCH,CONHCH,CONHCH (CECE)} (CHoCH20) nCHCH,CO2H,

-OCH>CONHCH,CONHCH (CHOH) (CHpCH0) ,CHoCH2COSH,
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-OCHE,CONHCH,CONHCH | (CHy ) gNHo1CO0H,

-OCH,CONHCH»CONHCH (CH,OH) CO{NHCH[ (CHp) gNH ] CO}NHCH-
[ (CHp) sNH-]CO-H (SEQ ID NOs: 3-8),

~OCHZCONHCHCO { NHCH{ (CHp) gNH2 ] CO}pNHCH [ (CHp) gNH] CORH
(SEQ ID NQOs: 9-13)

and —JCHZCONHCH2CO{NHCH(CHQOH)CO}qﬂHCH(CHQOH)COZH
(SEQ ID NOs: 14-18);
W is nitrogen (N) or CH;

” is a number whose average value is one

to about eight;

AN £’

m” is a number whose vaiue is 1 to abcut
6; “p” is a anumber whose vaiue is 1 to about
6; and

“g” is a number whose vaiue is 1 to about
6.

—

A preferred member ¢f the Diprovocim family
of compounds of Formula V is a compound that

corresponds in structure to structural Formula I,

below, in which -A = —C(O)NH—R4, and the depicted
R’]
NH 3
O Z NH/R
® . \/
o) | 0
W.__A__N o I
NH
O
R2 NH
}?4
R1‘4, W and Z moieties are as described above.

In one more preferred compound of Formula

I, at least cne member of substituent pair rl and RS

-25-
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{either R or R3) or pair rR1 and RZ {either R or RZ)
is a trans—-Z-phenyicyclopropyl or trans-2-(4-
fluorophenyl)cycliopropyl group. It is also preferred
that at least one member of substituent pair Rl and
R3 or pair Rl and RZ has the (15,2R) configuration of
a trans-Z-phenylicyclopropyl or trans-2-{4-fluocro-
phenyl)cyclopropyl group.

More preferably, at least three
substituents of Rl, Rz, R3 and R4 have the (18, 2R)
configuration of a trans-Z-phenylcyclopropyl or
trans—-2-(4-flucrophenyl)cyclopropyl group. More
preferably stili, each of rR1, Rz, R3 and R? has the
{15,2R) configuration of a trans-Z-phenylcyclopropyl
or a trans—-Z2-(4-fliuorophenyl)cyclopropyl group.

In another preference, each depicted
pyrrolidinyldicarboxamnido group has the (S,5)
configuration and each depicted Ri~4 substituent is a
trans-2-phenylcyclilopropvl, a trans-Z2-(4-fluoro-
phenvl)cyclopropyl group or a mixture thereof, and
bonds to the cyclopropyl moiety have a (15,2R)
configuration.

In another aspect, up to two of R1-4 in &
compound of Formula I or one of its sub-generic
formulas can be a C»-Cig hydrocarbyl group. It is
preferable that the hydrcocarbyl group be an alkyl
group and have a length of 4 to about 16 carbon
atoms, and more preferably still, about ¢ to about 10
carbon atoms. Straight chained hydrocarbyl groups
are also preferred, although up to two methyl and
ethyl group substituents or boeth can be present as
can an carbocyclic ring, and alsc one or two double

or triple bonds. Specific Cp-Cqg hydrocarbyl groups

[RS]
o)
|
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are discussed previously in the discussion of the use
of the word hydrocarbyl.

As is seen from Formula I, each molecule
contains at least one, and preferably two, 3,4-
pyvrrolidinyldicarboxyl groups. The carboxyl groups
are bonded to amine-terminated Rl, RZ, R3 and R%
substituents, forming four (or three) amido linkages.
The two pyrrolidinyidicarboxyl groups can also
therefore alsc be referred to as two
pyrrolidinyldicarboxamido groups.

Substituents bonded to the carboxyl groups
of a pyrrolidinyidicarboxyl group can be in a cis or
trans conformation, that is the two substituents can
both project above or below the plane of the depicted
ring {cis), or one can project above that plane and
the other substituent project below (trans). A cis-
disubstituted pyrroliidinyldicarboxyl group with two
identical substituents has a symmetric configuration
and does not have enantiomeric forms. A trans-
disubstituted pyrroiidinyldicarboxyl group with those
same two identical substituents has an asymmetric
{chiral) configuration and has enantiomeric forms.
The two chiral configuraticons are referred to as

(S,8) and (R,R), and are shown below. It is

(S,S) (RR)
O ii;o
wéN ;:?io -%N o)

preferred that at least one, and more preferably both
3,4-pyrrolidinyidicarboxyl groups have the (§,8)

configuration.
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GCn the other hand, when -A of Formula V is
hydrido and one of R173 is a Cp-Cqig hydrocarbyl
group, and more preferably, a Cig-Cig hydrocarbyl
group. A preferred compound corresponds in structure

to Formula Va, below, in which the depicted R1_3, W

R1

NH

o) _R3
O/,II" )}\(\ Z NH
~
@) N | /K )
W~ N Va

NH

R? ©
and 7 mcieties are as described above. The depicted

~C(O)NH-R3 group can be in either the R
configuration, the § configuraticn or present as a
mixture of both configurations. The compounds with
the S configuration are slightly more acitive and
therefore more preferred.

In a compound of Formula Va, the number of
carbon atoms of a RS group here is preferably 2 to
18, and more preferably 10 to 16 carbon atoms. This
hydrocarbyl group is also more preferably an alkyl
group that is a straight chained substituent although
methyl and ethyl branches can be tolerated as can
double and/or triple bonds in the chain. Cyclic
hydrocarbyl substituent compounds and carbocyclic
ring-containing substituents can also be utilized.

It 1s also preferred that W be CH.
Structural FPormula Ia, shown below, incorporates

several of the above preferences.
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R'l
AN
NH o »
04""« 4 NH™
N
O 0
N Ia
/NH O 'u,l O
R? NH
\R4

Structural formulas ¢f currently most
preferred compounds of Formula Ia in which -Z is
hydrido (-H) are shown below as compounds of Formulas
A, B, ¢, D, E, F, G, H, and I. Diprovocim numbers

from WO 2018005812 are included for reference.

O N\
%, H N A
O / /A N
) N O A
. O
%y, /
«NH ) '/

Diprovocim-1

HN

@)
/ ey,
O N o B
@) N 0
O

NH
HN
Diprovocim-2
F F
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CeHaF
FCeH  ™NH A

0O

Y HN,,  _CeHsF
Diprovocim-3 V
CeHyF

Z-, Diprovocim-5 \/\©\

NH(CHz)gCH3
YC F
NH(CHz)gCH3
@)
g =217

Diprovocim-6 (g = 5)
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PhA "

O H(CH),CH3
o)
G

o

Ph h=7-17

o HN
O O
X GA )
O
Ph
and
Ph
GA I
JKQ\H/ ,/O
§%7 NFKCFQ%CH3
Ph
j=7-17

w

For a Compound of Formula F, “g” in both

depicted amide groups is preferably the same number
(length) of 5 to 9 methylene groups for maximal
activity against both human THP-1 cells and mouse
macrophages, with g = 5 providing the most active
compound for both cell types. For a Compound of
Formula G, “h” in the depicted amido group is 1 to

17, preferably 7 to 17, and more preferably 9 to 15.

A%Y "

For a Compound of Formula I, “3}” in the depicted

-31-
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amido group is 1 to 17, preferably 3 to 11, and more
preferzbly 5 toc ©&.

A contemplated immune checkpoint inhibitor
is typically an intact antibody or the paratope-
containing portion of an antibody. Such a
contemplated antibody or antibody paratope-containing
portion is preferably a monoclconal humanized,
chimeric or human antibody. Illustrative checkpoint
US FDA approved checkpeoint inhibitoeors include
Keytruda¥ (anti-PD-1), Yervoy® (anti-CTLA-4),
Tecentriq® {anti-FD-11), Opdivo® {anti-PD-1)1, and
Imfinzi® (anti-PD-L1)]. CTLR-4 itself binds to
proteins B7-1 and B7-2 to inhibit T ceil activity.
Anti-B7-1 and anti-B7-2 paratope-containing molecules
can also be used to block the CTLA-4/B7-1+B7-2
interactiocon, thereby providing checkpoint inhibiter
activity much as do antibodies tc either of the
binding pair PD-1 and PD-L1.

Marker moliecules are discussed in detail
hereinafter. These materials are typically
proteinaceous and can be the whcele protein or an
immunogenic portion of the protein.

When used in a method of inhibiting the
growth of diseased cells in a mammal, an adjuvant-
sufficient amcunt cof a Diprovecim compound, a T cell-
stimulating amcunt of an immune checkpoint inhibitcr,
and an immunizing amount of an antigenic
{immunogenic) disease-related marker molecule are
administered to contact host mammal cells. Those
three components can be administered together, but it
is preferred that the checkpoint inhibitor be
administered separately from the Diprovocim and the
antigen {immunogen) that can usually be administered

together. Preferably, the checkpoint inhibitor is
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administered intravencusly (IV}, whereas the
Diprovocim and antigen are administered together in
an immunizing pharmaceutical composition
intramuscularly {IM) or subcutanecusliy (SC}.

Those administrations can be made within
the span of a few minutes, hours, days or weeks.
Many checkpeint inhibitors are antibodies or
paratope-containing antibody poertions that typically
have an in vivo terminal half-life on the order of
about 2 to about 4 weeks. [See, product label,
Section 12.3 for Keytruda® (anti-PD-1), Yervoy?
{(anti-CTLA-4), Tecentriq® {(anti-PD-L1), Opdivo®
{anti-PD-1)1, and Imfinzi® (anti-PD-Li)]. Thus, a
checkpoint inhibitor can be administered prior to,
coincidently with or a few days after administration
of the Diprovocim and immunogen.

Each of the components can be administered
a plurality c¢f times during a ccurse of treatment.
The use of multipie administrations is illustrated
herein.

A Diprovocim compound is administered in an
adjuvant-sufficient amount. In the studies
illustrated elsewhere herein, Diprovocim-1 (A) used
illustratively herein acted as a robust in vivo
adjuvant or TLRI/TLRZ2 agonist that evoked a potent
TLRZ-dependent adjuvant activity in vive in mice at
about 0.25 to about 5 mg/kg (i.m.) when co-injected
with an immuncogen in an immunizing pharmaceutical
composition by an intramuscular route. 2An adjuvant-
sufficient amcunt can be readily determined for
mammals of greater weight by techniques well known in
the art. 1In addition, Diprovocim-1 did not display
the overt toxicity that is characteristic of LPS

administration when used as an adjuvant.
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A checkpoint inhibitor is typically
utilized in an amount discussed in the product label.
Illustrative dosage and administrations include the
following using melanoma as exemplary diseased cell
for use in the recited amounts: Keytruda®--
melanoma: 2 mg/kg every 3 weeks; Yervoy®-- adjuvant
melanoma: 10 mg/kg administered intravenously over 920
minutes every 3 weeks for 4 doses, followed by 10
mg/kg every 12 weeks for up te 3 years or until
documented disease recurrence or unacceptable
toxicity; Tecentrig®--administer 1200 mg as an
intravenous infusion over 60 minutes every 3 weeks;
and Opdivo®--unresectable or metastatic melanoma 240
mg every 2 weeks.

An lmmunizing amount of an antigenic
{immunogenic) disease-related marker molecule depends
upon the immuncgenicity of the marker used. The
selection of peptides immuncgenic for B cells and T
cells is well known in the art and wiil not be gone
into here. Many such useful peptides have been
reported in the art but were nct as successiul
formulated as vaccines as desired, presumably because
of a lack ¢f T cell help. It 1s beiieved that the
three-part immunizing pharmaceutical composition

overcomes that deficiency.

g

fany small disease-related marker molecules
such as peptides having a length of about 5 to about
20 residues are themselves poorly immunogenic, and
are often best utilized as haptens chemically linked
to a carrier molecule. Illustrative proteinaceous
carrier molecules include keyhole limpet hemocyanin
({KLHE), hepatitis B surface molecule (HBsAg), the

hepatitis B core ({capsid; HBcAg), ovalbumin, bovine
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serum albumin, bovine gammaglocbulin and human
gammaglobulin have been used as a hapten carrier, as
have many other molecules have been used in the
iiterature.

A contemplated disease-related marker
molecule is present in and/or on diseased cells.
Diseased cells are typically cancerous or pathogen-
infected.

Disease-related marker molecules or
portions therecf useful as immunogens present in
and/or on sclid tumor cells, include cancer stem cell
{C3C) markers that are rarely expressed on normal
tissue cells are listed below. [Kim et al., BMB Rep
50(6) :285-238 (2017).]1. Exemplary CSC markers that
are largsly absent in normal {disease-free} cells and

present in dizeased cells include CDY6, CDZ0, DLL4,

Cb55, TIM-3, CXCRLI, Cbb4, CDh114, LGRS, CDR105, CDbg,
CD13, Cbh271, Cb34, CXCR4, (D26, CD1ii7, CDl0Q, CDlds,
Notch?2, CD49f, (CDh24, ABCG2, PODXL-2, Cripto-1, (CD32¢,
CboG, Cp133, SSEAL, TRA-1-81, TRA-1-€0, SSEA4, S3EAS3,
CD151, CD340 and CD44.

Exemplary disease-related marker molecules
are typically present in and/cr con solid tumor cells.
Illustrative =clid tumors include ostecsarcoma cells,
Kaposi's sarccoma cells, melanoma celils, prostate
cancer cells, giicblastoma cells, smail cell lung
carcincma cells, breast cancer cells, liver cancer
cells, coclon cancer cells, ovarian cancer cells,
renal cancer celis, gastric cancer celils,
neuroblastoma celils, pancreatic cancer cells, and
Hodgkin's lymphoma cells.

A contempliated disease-reiated marker
molecule or portion thereof can also be present in

and/or on pathogen—-infected cells. Ililustrative
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infecting pathogens include one or more of a virus,
bacterium, fungus and unicellular parasite.

Illustrative wviruses incliude influenza,
hepatitis viruses A, B, C and D, herpes viruses such
as Varicella zoster (chickenpox), Herpes simplex 1
and 2 {(HSV1 and HSV2), human papilioma virus (HPV},
and the like. Illustrative bacterial pathogens
include E. coli, E. faecalis, S. aureus, and the
like. An illustrative unicellular parasite is the
malaria sporoczcoite of P. falciparum, P. vivax, P.
bergeii or P. yoelll.

Illustrative proteinaceous immunogens
include the following disease-related marker molecule
peptides that are listed below with a citation to

their publication source.

US Patent Ne. ©,%42,8¢6

Malarial B Cell Epitopes

P. falciparum

(NANP) 4 SEQ ID NO:
NANPNVDP (NANP) sNVDP SEQ ID NOG:
NANPNVDP {(NANP) 3 SEQ ID NO:
{(NANP) 3NVDPNANPF SEQ ID NOG:
NANPNVDP (NANP) sNVDPNANP SEQ ID NO:
NPNVDP (NANP) 3NV SEQ ID NG:
NPNVDP (NANP) 3NVDP SEQ ID NO:
NENVDP (NANP) 3NVDPNA SEQ ID NOG:
NVDP (NANP) 3NV SEQ ID NOC:
NVDP (NANP) 3NVDP SEQ ID NOG:
NVDP (NANP) 3NVDPNA SEQ ID NG:
DP (NANP) 3NV SEQ ID NO:
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DP {(NANP) 3NVDP SEQ ID NC:

DP (NANP) sNVDPNA SEQ ID NO:
P. vivax

DRAAGQPAGDRADGQPAG SEQ ID NO:

ANGAGNQPGANGAGDQPGA-
NGADNQPGANGADDQPG SEQ ID NO:
ANGAGNQPGANGAGDOPG SEQ ID NO:
ANGADNQPGANGADDOPG SEQ ID NO:
ANGAGNQPGANGADNQPG SEQ ID NO:
ANGADNQPGANGADDOPG SEQ ID NO:
APGANQEGGAAAPGANQEGGAA SEQ ID NO:
P. bergeii

(DP4NPN) 2 SEQ ID NO:
P. voelli

(CGPGAP) 4 SEQ ID NG:

m

Malarial Universal T Cell Epitope

P. falciparum

GIEYLNKIONSLSTEWSPCSVT SEQ ID NG:

P. vivax

YLDRKVRATVGTEWTPCSVT SEQ ID NOG:
EFVKQISSQLTEEWIQCSY SEQ ID NOG:

US patent No. 8,017,127
Influenza A M2 Protein B Cell Epitopes

As is noted in US Patent No. 8,017,127, the
M2 protein is expressed in cells infected by the

~

influenza A strains. The N-terminal residues 1-24 ¢f
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the M2 protein extends through the infected cell’s
membrane. That extracellular portion of the protein
is referred tc as MZe. As a conseguence, use of the
influenza A extracellular MZe portion of that protein
as the immunogenic marker can provide protection from
all of the influenza strains. Thus, the yearly
changes in influenza vaccine selection can be

avoided.

Sequence SEQ ID NO

SLLTEVETPIRNEWGCRCNGSSD
SLLTEVETPIRNEWGCRCNDSSD
SLLTEVETPIRNEWGARANDSSD
SLLTEVETPIRNEWGSRSNDSSD
SLLTEVETPIRNEWGSRCNDSSD
SLLTEVETPIRNEWGCRSNDSSD
SLLTEVETPIRNEWGCRANDSSD
SLLTEVETPIRNEWGARCNDSSD
MSLLTEVETPIRNEWGCRCNDSSD
MSLLTEVETPIRNEWGSRSNDSSD
MGISLLTEVETPIRNEWGCRCND-
SSDELLGWLWGI
MSLLTEVETPIRNEWGARANDSSD
MSLLTEVETPIRNEWGCRANDSSD
MSLLTEVETPIRNEWGARCNDSSD
MSLLTEVETPIRNEWGCRSNDSSD
MSLLTEVETPIRNEWGSRCNDSSD
SLLTEVETPIRNEWGSRSN
TEVETPIRNEWGSRSNDSS
SLLTEVETPIRNEWGSRSNDSSDSLL-
TEVETPIRNEWGSRSNDSSBSLL -
TEVETPIRNEWGCRCNDSSDE
SLLTEVETPIRNEWGARANDSSDSLL-
TEVETPIRNEWGCRCNDSSDE
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SLLTEVETPIRNEWGARANDSSDSLL-
TEVETPIRNEWGARANDSSDSLL -
TEVETPIRNEWGCRCNDESD

EVETPIRNEWGSRCNDSSD

EVETPIRNEWGSRCNDSSDEVET -
PIRNEWGSRCNDSSD

EVETPIRNEWGSRCNDSSDEVET -
PIRNEWGSRCNDSSDEVE-
TPIRNEWGCRCNDSSD

SLLTEVETPIRNEWGSRSNDSSDSLL-
TEVETPIRNEWGSRENDSSDSLL -
TEVETPIRNEWGSRENDSSDSLL -
TEVETPIRNEWGCRCNDSSD

SLLTEVETPIRNEWGSRSNDSSDSLL-
TEVETPIRNEWGSRENDSSDSLL -
TEVETPIRNEWGSRENDSSDSLL -
TEVETPIRNEWGSRENDSSDSLL -
TEVETPIRNEWGCRCNDSSD

SLLTEVETPTRNEWGCRCNDSSD

SLLTEVETPTRNGWGCRCNDSSD

SLLTEVETPIRNEWECRCNGSSD

SLLTEVETPTENEWECRCNDSSD

SLLTEVETPTRNGWECKCSDSSD

SLLTEVDTLTRNGWGCRCSDSSD

SLLTEVETLTRNGWECKCRDSSD

Influenza B Protein

NNATEFNYTNVNPISHIR

US Patent No. 4,598,231

Hepatitis B Virus Surface Antigen

The hepatitis B virus surface antigen
(HBsAg) provides both B cell and T cell polypeptide

epitopes. A number of each epitope type as disclcsed
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in US Patent No. 4,599,231 are set out below in the
table along with their peptide denominations, and
parenthesized sequence position from the N-terminus,
as recited 1in that patent based on DNA from an ayw

donor (P49) and an adw donor (P72 and P73).

Sequence SEQ ID NO

B Cell Epitope

P49 (110-137)
FPGSSTTSTGPCRTCMTTAQGTSMYPSC

P4%a (125-137)
MTTAQGTSMYPSC

P72 (125-137)

IPGSTTTSTGPCKTCTTPAQGNSMEPSC
P72a (125-137)
TTPAQGNSMEPSC
P73 (107-137)
CPLIPGSTTTSTGPCKICTTPAQGNSMEPSC

T Cell Epitope
P1 (48-81)

CLGONSQSPTSNHSPTSCPPTCPGYRWMCLRRE I

P5 (38-52)

SLNFLGGTTVCLGON

Pha (74-52)
VCLGON

P6 (95-109)
LIFLLVLLDYQGMLPVCPL
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U.S. Patent No. 5,180,806

Human Papilloma Virus (HPV) Marker Peptides

Papilliomaviruses induce benign, dysplastic
and malignant hyperproliferations of skin or mucosal
epithelium. More than 50 types (strains) of human
papillomavirus (HPV) have been identified. 1In
humans, different papillomavirus types are known to
cause distinct diseases. For example, HPV types 1
and Z cause common warts, and types € and 11 cause
condylomas and genital flat warts. In contrast, HPV
types 16, 18 and 33 are carried in a majority of
cervical cancers and do not cause the usual
condyloma, but rather persist diffusely in the
cervical endothelium exhibiting conly minimal
pathologic changes. It is thought that the HEV types
associated with cervical cancer are maintained in a
latent state in cervical endothelium tissues for
vears after initial infection and then progress in
some cases to cause cervical cancer.

U.S. Patent No. 5,180,80¢ discloses several
peptide seguences that induce the production of
antibodies. Iliustrative peptide markers of type
io-related HPV sequences disclosed in US Patent No.
5,180,806 are set out below as illustrative. That
patent alsc discicses peptide segquences from type 18
and type 332, as well as seguences encoded by the EZ2

ORF of HPV types ¢, 11, 13 and 33.

HPV Type 16-related polypeptides

62}
3]
1O
H
)
Z
(@)

Sequence

MADPAGTNGEEGTGC

HEDEDKENDGDSLPTC
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RPFKSNKSTCC
CCDWCIAAFGLTPEST
TYDSEWQRDOQFLSQVKIPC
HKSAIVTLTYDSEWQRDQC

CINCQKPLCPEEKQRH

A contemplated immunizing composition also
typically contains pharmaceutically acceptable salts,
buffers and the i1ike excipients that collectively are
referred to as pharmaceutically (or physiologically)
acceptable diluents or carriers as compared to those
that can be present in a composition that is not
intended for pharmaceutical use, as in an in vitro
assay. These compositions are discussed in further
detail hereinafter.

A Diprovocim compound useful herein can be
provided for use by itself, or as a pharmaceutically
acceptable salt. Exemplary salts useful for a
contemplated compound include but are not limited to
the following: sulfate, hydrochloride, hydro
bromides, acetate, adipate, alginate, citrate,
aspartate, benzoate, benzenesulfonate, bisulfate,
butyrate, camphorate, camphorsulfcnate, digluconate,
cyclopentanepropionate, dodecyvlsulfate,
ethanesulfonate, gluccheptancate, glycerophosphate,
hemisulfate, heptanocate, hexancate, fumarate,
hydrochloride, hydrobromide, hydroiodide, Z-hydroxy-
ethanesulfonate, lactate, maleate, methanesulfonate,
nicotinate, Z2-naphthalenesulfcnate, oxalate,
palmoate, pectinate, persulfate, 3-phenyl-propiocnate,
picrate, pivalate, propionate, succinate, tartrate,

thiocyanate, tosyliate, mesylate and undecanocate.
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Salts of the carboxylate group include sodium,
potassium, magnesium, calcium, aluminum, ammonium,
and the many substituted ammonium salts.

The reader is directed to Berge, J. Pharm.
Sci. 1977 68(1):1-19 for lists of commonly used
pharmaceutically acceptable acids and bases that form
pharmaceutically acceptable salts with pharmaceutical
compounds.

In some cases, the salts can alsc be used
as an aid in the isolation, purification or
resolution of the compounds of this invention. In
such uses, the acid or base used and the salt
prepared need not be pharmaceutically acceptable.

A contemplated immunizing pharmaceutical
composition contains an adjuvant-effective amount of
a Compound cf Formula V or a pharmaceutically
acceptable salt thereof dissolved or dispersed in a
physiclogically (pharmaceutically} acceptable carrier
along with the immunogenic marker. Such a
composition can be administered to mammalian cells In
vitro as in a cell culture to contact those cells, or
the cells can be contacted in vivo as in a 1living,
host mammal in need. As is seen from the data
herein, a contempliated Diprovecim compound present at
femtomolar tc nanomolar amounts provides an adjuvant
effect in in vivo and in in vitro assay studies.

When used as a vaccine adjuvant, a Compound
of Formula V is preferably administered together with
the selected marker immuncgen. Both components are
preferably present together in a singie immunizing
pharmaceutical composition as ncted above. However,
the two ingredients can be present in separately
administered immunizing pharmaceutical compositicns,

and those separate compositions can be administered
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up to about one to about two hours apart. It is
preferred when two separate compositions are

administered, that they be administered as close

0]

together in time as possible.

In another embodiment, some or all of the
Diprovocim compound utilized can be chemically bonded
to the immunizing marker compound. That chemical
bond can be formed using the Z substituent shown in
Formula V as where a Z substituent that includes a
carboxyl group can be bonded to an amino group of an
immunogenic peptide marker compound. Alternatively,
where an immunogenic marker compound is utilized as a
hapten bonded to a carrier molecule, the Diprovocim
compound can also be chemically bonded to the same
carrier molecule.

A contemplated immunizing pharmaceutical
composition is typically administered in viveo to a
subject in need thereof a plurality of times within
one month, such as daily or weekly, and can be
administered over a period of several months to
several years. More usually, a contemplated
composition is administered a plurality of times over
a course of treatment.

A contemplated immunlizing pharmaceutical
composition 1is preferably adapted for parenteral
administration. Thus, an immunizing pharmaceutical
composition is preferably in liguid form when
administered, and most preferabkly, the liguid is an
aqueous ligquid, although cother liguids are
contenplated as discussed below, and a presently most
preferred composition is an injectable preparation.

Thus, injectable preparations, for example,

sterile injectablie aqueous or cleaginous solutions or

n

uspensicons can be formulated according to the known

-4 4-



CA 03108515 2021-02-02

WO 2020/028532 PCT/US2019/044421

art using sulitable dispersing or wetting agents and
suspending agents. The sterile injectable
preparation can alsc be a sterile injectable solution
or suspensicn in a nontoxic parenterally acceptable
diluent or solvent, for example, as a solution in
1,3-butanediocl. 2Among the acceptable vehicles and
solvents that can be employed are water, Ringer's
golution, and isotonic sodium chleride solution,
phosphate-buffered saline.

Other liquid pharmaceutical compositions
include, for example, solutions suitable for
parenteral administration. Sterile water solutions
of a Compound of Formula V or sterile soluticn of a
Compound of Fermula V in solvents comprising water,
ethanol, or propyilene glycol are examplies of liguid
compositions suitable for parenteral administration.
In some aspects,; a contemplated Compound of Formula V
is provided as a dry powder that is to be dissolved
in an appropriate iiquid medium such as sodium
chloride for injection prior to use.

In addition, sterile, fixed coils are
conventionally emplioyed as a solvent or suspending
medium. For this purpose any bland fixed o0il can be
erployed including synthetic monc- or diglycerides.
In addition, fatty acids such as cleic acid find use
in the preparation of an injectable composition.
Dimethyl acetamide, surfactants incliuding ionic and
non—ionic detergents, polyethylene glycols can be
used. Mixtures of solvents and wetting agents such
as those discussed above are alsc useful. Sterile
soluticons can be prepared by dissciving the active
component in the desired solvent system, and then
passing the resuiting solution through a membrane

filter to sterilize it or, alternatively, by
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dissclving the sterile compound in a previously
sterilized solvent under sterile conditions.
A mammal in having diseased cells in need

of treatment (a subject) and tc which a

83}

pharmaceutical composition containing at least
Compound of Formula V and a immunogenic marker
compound is administered can be a primate such as a
human, an ape such as a chimpanzee or gorilla, a
monkey such as a cynomolgus monkey or a macague, a
laboratory animal such as a rat, mouse or rabbit, a
companion animal such as a dog, cat, horse, or a food
animal such as a cow or steer, sheep, lamb, pig,
goat, llama or the like.

Preferably, the pharmaceutical composition

is in unit dosage form. In such form, the

=

composition is divided into unit doses containing
appropriate quantities of the Diprovocim and
immunogen. The unit dosage form can be a packaged
preparation, the package containing discrete

quantities of the preparation, for example, in vials

or ampules.

Results
Diprovocim induces cytokine production in both human
and mouse cells

From a chenical library containing
approximately 100,000 members, a class of compounds
was identified with bilateral symmetry capable of
activating TINF biosynthesis in PMA-differentiated
human THP-1 myeliocid cells. The initial members of
the class emerged from an undisclosed compound
sublibrary designed to promcte cell surface receptor

dimerization (18).
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Diprovocim-1, below, was developed from

this class after extensive structure-activity

0O o
o7 HN
@) N N @)
1,20
oNH 5

HN,,
Diprovocim-1 v’
Ph

relaticonship (SAR) studies. It induced dose-
dependent INF production by THP-1 cellis (ECs; 110 pM)
and human PBMC (ECsq 875 pM) (Fig. 0A and Fig. 1B),

and by mouse peritoneal macrophages (ECsp 1.3 nM) and

o~

bone marrow-derived dendritic cells (BMDC) (ECsg 6.7
nM) (Fig. 0C and Fig. 1D). In addition to TNF,
Diprovocim—-1 induced IL-6 production by mouse BMDC
(Fig. OE). However, Diprovocim-1 failed to stimulate
type I IFN production by mouse peritoneal macrophages
({Fig. 7). The other numbered Diprovocims studied and
those defined by structural Formula I also share

these activities.

Diprovocim targets TLR1/TLR2 and activates downstream
MAPK and NF-xB signaling pathway

Tc determine the molecular target of the
Diprovocims, effects were analyzed on peritoneal
macrophages from wild type CE7BL/EJ mice and C57BL/6J
mice deficient in various TLR signaling components.
Induction of TNF by Diprovocim was completely absent
in TLR1- or TLRZ-deficient macrophages, but not in
TLR-6¢ deficient macrophages (Fig. 12). Diprovocim

activity was alsc dramatically reduced in macrophages
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from MyD8&-, TIRAP-, and IRAK4-deficient cells (Fig.
1A}. These data suggested that Diprovocim targets
the mouse TLR1/TLR2Z heterodimer.

TLR1 or TLRZ antibody significantly reduced
the effect of Diprovocim on THP-1 cells, indicating
that human TLR1/TLR2 is also a target of Diprovocim
molecules (Fig. 1B}. Diprovocim induced
phosphorylation of IKKo, IKKR, p38, JINK, and ERK, as
well as degradation of IxBa in THP-1 cells and mouse
peritoneal macrophages, indicating that Piprovocims
activate conventional TLR1/TLR2 signaling, including
MAPK and canonical NF-xB signaling (Fig. 1C and Fig.

2b) .

Diprovocim exhibits adjuvant activity in vivo
Intramuscular immunization of wild type
mice with ovalbumin {OVA) plus either alum or
Diprovocim induced similar levels of serum OVA-
specific IgG, which were highly elevated compared to
levels induced by immunization with OVA plus vehicle
(Fig. 2A-Fig. 3C). Whereas immunization with
OVA+alum induced primarily the ThZ-related Ig
subclass IgGl, OVA+Diprovocim induced both IgGl and
the Thl-related IgGZp (Fig. 2B and Fig. 3C).
Pendritic cells (DCs) purified from
draining lymph nodes and spleens 24 hours after
immunization c¢f mice with OVA+Diprovocim activated
OT-1I CD8 T cells co-cultured with them, as evidenced
by CD69 upregulation on the OT-I ceils (Fig. ZD). 1In
contrast, DCs from mice immunized with OVA+vehicle
failed to induce CDES expressicn on 0OT-I CDS T cells
(Fig. 2D). This finding suggests that Diprovocims
activate antigen cross-presentation by DCs and cross-

priming of CDS8 T cells in vivo.
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Tce further investigate whether cross-
priming stimulated by a Diprovecim results in the
development of killiing ability by CD8+ T cells in
vivo, a CTL killiing assay was performed. Fluorescent
marker-lakeled and OVA peptide (residues, 257-263)-
pulsed target cells were injected i.v. into mice
immunized with OVA+Diprovocim and the number of live
target cells was measured by flow cytometry two days
iater. About 70% of target cells had been eliminated
in mice immunized with OVA+Diprovocim, compared to
about 10% in mice immunized with OVA+vehicle (Fig.
2E)Y. These data demonstrate that Diprovocim exhibits
adijuvant activity in antigen-specific antibody
production and CTL killing, which was abrogated in
TLR1- and/or TLR2-deficient mice (Fig. 2 A-C, F and
G) .

Complete inhibition of B16 tumor growth by combined
checkpoint blockade and anti-cancer wvaccine
adjuvanted with Diprovocim

The adjuvant activity cof Diprovocim was
examined in preventive immunization of wild type mice
against B1l6 melanoma expressing OVA (B16-0VA) (Fig.
3R). Mice were injected i.m. distal to the tumor
cell injecticn site with CVA with or without
Diprovocim cn the same day but prior to inoculaticn
with B16-CVA celiis. Tumor growth rates and survival
times were similar for mice immunized with wvehicle
alone, Diprcovcocim alone, or OVA alone (Fig. 3B and
Fig. 4C). Relative to OVA alone, immunization with
Diprovocim+OVA modestly but significantly slowed
tumor growth rate but failed tc proliong survival; a

similar effect was observed with OVA immunization

-4 G-



CA 03108515 2021-02-02

WO 2020/028532 PCT/US2019/044421

combined with anti-PD-L1 treatment (Fig. 3B and Fig.
4Cy .

Strikinglily, although without effect by
itself (Fig. 8A and Fig 8B) when anti-PD-L1 treatment
was added to Diprovocim+OVA immunization, there was
complete inhibition of tumor growth and 100% survival
through eight weeks of observation (Fig. 3B and Fig.
4C}. This dramatic antitumor effect was dependent on
OVA immunization since Diprovocim alone combined with
anti-PD-1L1 treatment had no effect on tumor growth or
mouse survival (Fig. 3D and Fig. 4E}; this finding 1is
consistent with poor immunogenicity of Bl6 melanoma
(19-21).

To determine whether surviving mice were
endowed with specific and long-term memory directed
against the cancer antigen, the five-week survivors
from Fig. 3C were re-challenged with BL16-OVA cells
and B16 cells lacking OVA (B16). In the absence of
any further therapy, complete failure of B16-0VA
tumor growth was observed, whereas B16 ftumors grew
rapidly (Fig. 3F). Both B16 and B16-OVA tumor cells
grew at similar rates in naive C57BL/6J mice (Fig.
3F).

Taken together, these data indicate that
when used as an adjuvant in a cancer vaccine, a
Diprovocim prcomotes antigen—-specific antitumor
immunity, which is greatly enhanced when combined
with T cell checkpeoint blockade in mice.

Immunization with a Diprovocim as an adiuvant
produces antigen-specific memcory responses that
protect the hest from relapse of tumor growth.

The antitumor effect c¢f a Diprovocim was
examined in therapeutic immunization of mice with

already established B16-0OVA tumors. C57BL/6J mice
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were immunized with OVA with or without a Diprovocim
on the day of or three days after tumor inoculation
and received a booster immunization seven days later
{(Fig. 3A). In some mice, alum was substituted for
Diprovocim to permit direct comparison between these
two adjuvants. For all conditions, anti-PD-L1
treatment was initiated on day 3 after tumor
inoculation and repeated every three days thereafter
for 12 days.

Mice immunized with OVA alone on the day cof
tumor inoculation survived an average of 24 days, and
1C0% of mice (8/8) died by 38 days after tumor
inoculation. As expected, Diprovocim+QOVA
administered on the day of tumcr inoculation
completely inhibited tumor growth, permitting 100% of
mice {8/8) to survive through 54 days of observation
{Fig. 3G and FPig. 4H). When alum was used instead of
a Diprovocim in the same study, tumor growth was
partially inhibited, and the average survival time
was 37 days, with 25% of mice (2/8) surviving past 54
days {(Fig. 3G and Fig. 4H).

When immunization was delayed until three
days after tumor inoculation, Diprovocim+OVA still
significantly inhibited tumor growth and prolonged
average survival compared to OVA alone (41 days vs.
22 days) (Fig. 3I and Fig. 43J). In contrast,
alurm+CVA inhibited tumor growth but onily slightly
increased average survival time (30 days); the
survival curve for alum+CVA was not significantly
different from the curve for OVA alone (P = 0.082)
(Fig. 3I and Fig. 4J). In pre- and post-tumor
treatment, the effect of Diprovocim on tumor growth,
survival rate, and survival time was superior to that

of alum.
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Diprovocim enhances antitumor CTL responses

The celliular mechanism by which combined
anti-PD-L1 treatment and Diprovocim-adijuvanted
immunization eliminates tumors was examined. Tumor-
infiltrating leukocyites (TILs) of mice immunized with
Diprovocim+QVA or alum+OVA were analyrzed three days
after tumor incculaticn (Fig. 4A). Tumors were
collected 14 days after inoculation, and single-cell
suspensions were antibody stained and analyzed by
flow cytometry to detect total leukocytes, CD4 and
Cb8 T cells, NK cells, DCs, and macrophages. The
leukocytes were alsc stained with antibody to the
H-2K" MHC-class I tetramer bound to the OVA peptide
{residues 257-2¢4), as well as antibody against CD3S
to identify tumor-specific CD8 T cells.

CVA immunizations containing a Diprovocim
significantly increased the frequency of leukocytes
in tumors compared to vehicle+QOVA (Fig. 4B). Further
analysis of these TILs revealed that a Diprovocim
increased the frequencies of CD4 and CDE8 T cells
including activated Cb4 and CD8 T cells (CD44™ehy zng
OVA-specific CD8 T cells, as well as the freguency of
NK cells (Fig. 4C - Fig. 5H).

Alum+0OVA immunization showed a trend
towards increasing TILs ({(Fig. 4B), which reached
statistical significance for total and CD44™9 CDS T
cells (Fig. 4E and Fig. 5F). However, the magnitude
of the increase was reduced compared to that induced
by Diprovocim+QOVA. OVA-specific CD8 T cells were nct
increased by alum+OVA immunizaticn {(Fig. 4G) on day
14 after tumcr incculation; neither were total and
CD44™9 CD4 T cells (Fig. 4C and Fig. 5D), nor NK

cells compared to vehicle+OVA (Fig. 4H).
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The freguencies of intra-tumor DCs and
macrophages were similar for mice immunized with
vehicle+OVA, Diprovocim+OVA, and alum+QOVA (Fig. 4I
and Fig. 5J). Overall, these data indicate that the
intra-tumor freqguencies of CD4 and CD8 T cells,
activated CD4 and CD8 T cells, OVA-specific CD8 T
cells, and NK cells, but not DCs or macrophages,
correlated with the antitumor effects of Diprovocim
and alum in immunized mice.

Tc determine the immune cell population(s)
necessary for the antitumor effect of Diprovocim+0OVA
plus anti-PD-L1, mice were depleted of CD8 T cells,
Ch4 T cells, NK cells, or all three cell populations
using cell type-specific antibedies. The depletion
antibodies were administered i.p. on the day of BléE-
OVA tumor inoculation {day 0) and every three days
thereafter for 15 days (Fig. 4K). The effect of
Diprovocim+OVA on both tumor growth and mouse
survival was abrogated when mice were depleted of CD3
T cells or all three cell types together {(CD4 T, CD8
T, NK cells) (Fig. 4L and Fig. 5M). In contrast,
depletion of CD4 T cells or NK cells had little
effect on the anti-tumor activity of Diprorocim+OVA
(Fig. 4L and Fig. 5M).

Interestingly, a slight, statistically
significant difference between the effects of CD8 T
cell depletion vs. CD4+CD8+NK cell depletion was
noted on tumor growth in mice treated with
Diprovocim+OVA pius anti-PD-L1, in which tumor growth
was greater in mice depleted of all three cell types.
However, this difference did nct transliate to a
difference 1n either survival rate or time. This
finding suggests a minor role c¢f either CD4 T cells,

NK cellsg, or both, in mediating the anti-tumor
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effects of Diprovocim+OVA plus anti-PD-L1. These
data demonstrate that CBE T cells are necessary for
tumor eradication by therapeutic Diprovocim+CVA

immunization and checkpoint inhibition in mice.

Discussion

It 1s believed that cancer vaccines
targeted to tumor necantigens can boost the success
of immune checkpoint inhibition for cancer treatment
by increasing the number and activation of tumor-
specific CTLs capable of responding to checkpoint
inhibitors. However, the type and magnitude of the T
cell response to immunization depends critically on
the vaccine adjuvant; currently cnliy few adjuvants
are approved for use in humans.

Here, the actions of a novel and potent
adjuvant, Diprovocim, that engages and activates
human and mouse TLRI/TLR2 hetercdimers are described.
A Biprovocim bears no structural similarity to other
reported synthetic chemical ligands, nor to the
natural ligands that activate TLR1/TLRZ {22-26). A
Diprovocim is more potent and efficacious in
activating human TLR1/TLRZ than Pam;CSK,; (Fig. %A and
Fig. 9B}, a welli-known ligand.

In mice, a Diprovocim induces strong TLRI1-
and TLRZ-dependent humoral and CTL responses to a co-
administered antigen. When combined with checkpoint
inhibition, a Diprovocim-adjuvanted immunization
causes antigen-specific eradication of a rapidly
fatal tumor, and induces memory responses capable of
preventing tumor regrowth. Cure of the tumor is
observed desplte the fact that checkpoint inhibition

£F3

alone is insufficient to prevent a fatal outcome
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(Fig. 8A and Fig. 8B), supporting the premise of this
combination immunotherapy.

The data support the fclliowing key
mechanistic events mediating the antitumor effect of
Diprovocim—adjuvanted immunization plius checkpoint
inhibition (Fig. 5). Diprovocim binds to TLR1/TLRZ2
on APCs, activating them to produce pro-inflammatory
cyvtokines and take up the administered tumcr-specific
antigens for processing and presentation via MHC I
and MHC II. Antigen presentation, costimulatory
molecule expressiocon, and cytokine secretion by APCs
induce proliferation and activation of antigen-
specific CD4 T cells and CD8 T cells, which develop
cytolytic activity toward tumor cellis. NK cells are
also activated by pro-inflammatory cytokines and
infiltrate the tumor site. The addition of anti-PD-
L1 inhibits the major immunosuppressive mechanism
active in the tumor microenvironment, permitting
uninhibited T cell activation and proliferation in
response to TCR/CD28 ligation (27-2%9), further
promoting tumor cell lysis mediated by CD8 T cells.

Numerous reports document both pro- and
anti-tumorigenic effects of TLRZ signaling, which may
depend on the cell type or type ¢f cancer under
study. For example, TLRZ signaling supports tumocr
growth through induction ¢f immune suppressive
cytokines such as IL-10, and activation of myeloid
derived suppressor cells and tumcr associated
macrophages (30-32}). In contrast, TLRZ signaling
also promotes tumor regression by stimulating DC
activation and cross-presentation (33}, and
downregulating Treg function (34-3¢}.

For a Diprovocim, the overail outcome of

systemic TLRZ activation, in the context of GV
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immunization combined with immune checkpoint
inhibition, was tumcr cell lysis and tumor growth
inhibition mediated by tumor-infiltrating antigen-
specific CB8 T cells.

The therapeutic index cof an adjuvant
presumakly depends upon the efficiency of conjoint
targeting of antigen to an APC, and activation of
that APC. The mode of interaction between a
Diprovocim and TLRZ has been studied by X-ray
crystallography, and its contacts with this subunit
of the receptor will be reported elsewhere. The

tructure of a Diprovocim-TLR1/2 complex points to

n

opportunities for a Diprovocim modification to
incorporate immuncgenic peptides, which might permit
optimization of the therapeutic index by assuring
that all active Diprovocim molecules are accompanied
by antigen. Diprovocim 1s easy to synthesize and can
be rapidly adapted to incorporate tumor-associated
antigens and neocantigens. These features make it an

attractive candidate for clinical development.

Materials and methods
Mice
CSTBL/6J, Tlrz ', Myd88™

purchased from The Jackson Laboratory. Ly26 7 (MD-2

-ty

. 5T 2 1lpsi/ips3 int,/int
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mice were generated on a
pure CBH7BL/6J background by ENU mutagenesis and are
described at http://mutagenetix.utsouthwestern.edu.
Tirl”’ mice were created by CRISPR/Cas 9
gene targeting. Female C57BL/6J mice were super-
ovulated by injection of 6.5 U pregnant mare serum

gonadotropin (PM3G; Millipore), folliowed by injecticn
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0of 6.5 U human chorionic gonadotropin (hCG; Sigma-
Aldrich) 48 hours later. The superovulated mice were
subsequently mated overnight with C57BL/6J male mice.
The following day, fertilized eggs were collected
from the oviducts and in vitro-transcribed Cas9% mRNA
{50 ng/pl) and Tirl small base-pairing guide RNA (590
ng/upl; 57 -CAAACCGATCGTAGTGCTGA-37; SEQ ID NO: XX)
were injected into the cytoplasm or pronucleus of the
embryos. The injected embryos were cultured in M16
medium (Sigma-Aldrich) at 37 °C in 5% COZ. For the
production of mutant mice, two-cell stage embryos
were transferred into the ampulla of the oviduct (10-
20 embryos per oviduct) of pseude-pregnant Hsd:ICR
{(Cb-1) female mice (Harlan Laboratories).

All experimental procedures using mice were
approved by the Institutional Animal Care and Use
Committee (IACUC) of the University of Texas
Southwestern Medical Center, and were conducted in
accordance with institutionally approved protocols
and guidelines for animal care and use. All the mice
were maintained at the University of Texas
Southwestern Medical Center in accordance with

institutionally approved protocols.

Isolation of peritoneal macrophages, BMDC,

human PBMC and cell culture

Thicglilycollate-elicited macrophages were
recovered 4 days after i.p. injection of 2 ml BBL
thioglycollate medium, brewer modified (4% wt/vol; BD
Biosciences) by peritoneal lavage with 5 ml phosphate
buffered saline (PBS). The peritcneal macrophages
were cultured in DMEM cell culture medium [DMEM

containing 10% vol/vol FBS (Gemini Bio Products), 1%
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vol/vel penicilliin and streptomycin (Life
Technologies)] at 37°C and 95% air/5% CO».

For murine BMDCs, bone morrow cells were
cultured in Petri dishes in 10 ml DMEM cell culture
medium containing 10 ng/ml of murine GM-CSEF (R&D
Systems). On day 3 of culture, this was replaced
with fresh GM-CSF medium. Loosely adherent cells
were transferred to a fresh Petri dish and cultured
for an additicnal 4 d. Human PBMC were purchased
from Stemcell Technologies. THP-1 {(ATCC) cells were
differentiated by treatment with 100 nM PMA (Sigma)
in RPMI cell culture medium [RPMI containing 10%
vol/vol FBS (Gemini Bio Products), 1% penicillin and
streptomycin (Life Technologies)] for 24 hours.
After that, cells were washed with PBS and cultured
in fresh RPMI cell culture medium for 24 hours before

use in studies.

Measurement of cytockine production

Cells were seeded onto 96-well plates at
1x10° cells per well and stimulated with a Diprovocim
{dissolved in DMS0O, and final DMSO concentrations
(£0.2%) were kept constant in all experiments) for 4
h. Mouse TNF, IL-6, or IFN-B, or human TNF in the
supernatants were measured by ELISA kits according to
the manufacturer’s instructions ({eBioscience and PBL
Assay Science). Pretreatment with 20 pg/ml anti-
TLR1, anti-TLRZ or isotype contrcl antibody
(eBioscience) was for 1 hour. Unless otherwise
indicated, mouse cells were from wiid type CH7BL/eJ

mice.

Western blotting
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Mouse peritoneal macrophages or human THP-1
cells (1x10° per well) were stimulated in 12-well
plates with a Diprovocim at 500 nM for mouse cells or
5 nM for human cellis for the indicated times and
iysed directly in sample buffer (Sigma). Cell
iysates were separated by SDS-PAGE and transferred to
nitrocellulose membranes. Membranes were probed with
the following antibodies: phospho-IKKa (Serl76) /IKKB
{(Serl77), IxBa, phospho-p3&€ (Thrlsd0/Tyrlg&Z2), phospho-
JNK (Thrl@3/Tyri835}, phospho-ERKL/2 (Thr20Z/Tyr204)

(Cell Signaling Technology) and P-Actin (Sigma).

Immunization and measurement

of antibody response

EndoFit ovalbumin (OVA) with 298% purity
minimum (SDS-PAGE) and endotoxin levels <1 EU/mg was
purchased from Invivogen. Mice (4 mice per group)
were immunized i.m. with 100 pg OVA mixed with
vehicle (DMSO:Tween 80:saline=1:1:8), with 10 mg/kg
Diproveocim, or with 2 mg/kg Alum (Alhydrogel adjuvant
2%, Invivogen). After 14 days, serum titers of OVA-
specific IgG, IgGl, or IgG2b (ScuthernBiotech) were

measured by ELISA.

In vivo CTL killing assay

C57BL/¢d male mice were injected i.m. with
100 pg OVA plus 10 mg/kg Diprovocim (n=4 mice per
group) . OCne week later, naive C57BL/€J mice were
killed, and splenocytes were collected. One-half of
the splenocytes were left unpulsed, and half were
pulsed with OVAZ257-2¢3 peptides for 2 hours in
complete medium [RPMI containing 10% vol/voel FBS, 1%
penicillin and streptomycin] at 37 °C. The unpulsed

and peptide-pulsed cells were labeled, respectively,
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with 0.5 pM (Mlow”) or 5 uM (“high”) CellTrace Violet
{Invitrogen) in serum-free medium for 20 minutes.
Equal numbers (2x10°) of CellTrace Violet"™ (ova

low

pulsed) and CellTrace Violet {(unpulsed) cells were
mixed together and injected intravenously into the
immunized mice. After 48 hours, blood from treated
mice was collected and subjected to fiow cytometry
analysis. The numbers of remaining live CellTrace
Violet™¥ and CellTrace Violet™  cells were determined
and used to calculate the percentage of OVA peptide-
pulsed target celils killed. Specific killing was
defined as

the ratio=CellTrace Vioclet'™ cells/

CellTrace Violet™¥ cells.
The percentage of

target cell lysis = [1 - unimmunized

ratic/immunized ratic] x 100.

Tumor inoculation, immunization,

and tumor measurement

B16-COVA cells {(B16F10 melanoma cells stably
expressing chicken ovalbumin) were grown in DMEM
containing 10% vol/vol FBS. A total of 2x10° B16-OVA
cells in 100 pL PBS were injected =s.c. into the right
flank of 8-12 week old male C57BL/6J mice to
establish tumcrs (n=8 mice per groupj). For
pretreatment, 10 mg/kg Diprovocim-1 or 2 mg/kg alum
with or without OVA (100 ug) was injected i.m. into
mice on the same day as tumor 1lnoculiation (day 0}.
Mice received a booster shot seven days after the
first immunization. On day 3, & and 9, some groups
were injected i.p. with 200 ug checkpoint inhibitcr

(anti-mPD-L1, BioXcell) in 100 nul saline.
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For pest-treatment, 10 mg/kg Diprovocim-1

or 2 mg/kg Alum with OVA (100 upg) was injected i.m.
into mice on day 3 after tumor incculation. Mice

received a booster shot seven days after the first
immunization. On day 3, 6, 9, 12 and 15 after tumor
inoculation, mice were also injected i.p. with 200 ug
anti-mPD-L1 in 100 ul saline.

For depletion of CD4 T cells, CD8 T cells,
and/or NK cells, 300 pg anti-mCD4 (BioXcell), 300 ug
anti-mCD8 (BioXcell), 300 ug anti-mNKI.1 (BioXcell),
or the three antibodies together in 200 pl saline
were injected i.p. into mice on day O, 3, €, 9, 12,
and 15 after tumor inoculation. 10 mg/kg Diproveocim
with OVA (100 ug} or vehicle was injected i.m. into
mice on day 3 after tumor inoculation. Mice received
a booster shot seven days after the first
immunization. On day 3, 6, 9, 12 and 15 after tumor
inoculation, mice were also injected i.p. with 200 ug
anti-mPD-L1 in 100 ul saline.

Tumors were measured with a digital caliper
{Fisher) and the tumor sizes were calculated using
the following formula: volume=0.5 x length x width”.
Mice were sacrificed when the tumcr length or width

reached 2

0

m.

Tumor-infiltrating leukocyte

separation and staining

A total of 2x105 B16-OVA ceils in 100 plL
PBS were injected s.c. into the flank of each mouse
to establish tumors {(n=¢ mice per treatment). 10
mg/kg Diprovocim-1 or 2 ng/kg alum with OVA (100 ug)
was injected i.m. into mice on day 3 after tumor
inoculation. Mice received a booster shot seven days

after the first immunization. On day 3, 6, 9, and 12

-61-



CA 03108515 2021-02-02

WO 2020/028532 PCT/US2019/044421

after tumor incculaticon, mice were also injected i.p.
with 200 pg anti-mPD-L1.

On day 14 after tumor inoculation, tumors
were harvested, minced and filtered through a 40-um
strainer to ocbtain single-cell suspensions. Red
blood cells were lysed with RBC lysis buffer (Sigma).
After pelleting, cells were stained with a mixture of
antibodies for 45 minutes, including anti-mouse
CD45.2-PE or CD45.2-APC (BioLegend), anti-mouse CD3-
FITC (BD Biosciences), anti-mouse CD4-BV786 (BD
Biosciences), anti-mouse CD8-BV510 (BioLegend), anti-
mouse CD44-PE-CF5%4 (BioLegend), AFC-conjugated H-
2Kb/OVA (SIINFEXL; SEQ ID NO: XX) tetramer (Baylor
College of Medicine), anti-mouse F4/80-PE (Tonbo
Bioscience), anti-mouse CD11k-BV605 {Biolegend),
anti-CD1l1c-BV711 {(BD Biosciences), anti-NK1.1-BV&30
(BD Biosciences). Then, the cells were washed twice
with PBS. Stained cells were analvzed with an LSRII
instrument (BD Bicscilences) and the fiow cytometry

data were analyzed using FlowJc scftware.

Measurement of cross-priming of CD8 T cells

C57BL/6J male mice were injected i.m. with
100 pg OVA mixed with vehicle cr with 10 mg/kg
Diprovocim(n=4 mice per treatment). 24 hours later,
DCs from draining ivymph ncodes and spleen were
purified by Mouse Pan Dendritic Cell Isolation Kit
(Miltenyi Biotech). CDP8 T cells from OT-I transgenic
mice were purified by Mouse CDS8+ T Celil Isoclation Kit
(Miltenyi Biotech). 3x10° DCs were co-cultured with
3x10" OT-I CD8 T cells in RPMI medium containing 10%
vol/vol FBRS and 1% vol/vol penicillin and
streptomycin for 24 hours. Then, cells were

collected and stained with anti-mouse CD3-FITC, anti-

-2 -
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mouse CDB8-BV510, and anti-mouse CD&S-PE-CF534
{BicLegend) for 45 minutes. Then, the cells were
washed twice with PBS. Stained cells were analyzed
with an LSRII instrument and the flow cytometry data

were analyzed using FlowJo software.

Statistical analyses

Data represent means * SEM in all graphs
depicting error bars. The statistical significance
of differences between experimental groups was
determined using GraphPad Prism 7 and the indicated

statistical tests. For compariscns of differences

between two unpaired experimental groups, an unpaired

Student’s t test was used and two-tailed P values are
reporited. P wvalues are indicated by * P £ 0.05; ** P
< 0.01; *** p £ 0.001; ***+ p < 0.0001. P £ 0.05 was

considered statistically significant.

Methods

Synthesis of Diprovocim-1

-63—



WO 2020/028532

CA 03108515 2021-02-02

PCT/US2019/044421
0
Ph \/[N#o HoN., PR
0 LIOH, H,0, COH (1S,2R)-4
RN THF, 949 Bool EDCI, HOAt
"///o , Yo vy s
7 , COH 2 6-lutidine
EtO {35.48)3 DMF, 70%
H,, PA{OH),C 1.R = CH,Ph
BOCZO, EtOH 2, R= COZTBU Ph
84%
Ph
COH HN
i o
3 R-N
HN o [//o
4 N HCl 5, R =CO,tBu
0 CO,H : HN,
o ,/( Ph 2" THF 99% 8. R = HeHCl 'vph
HNe-. { PYBrOP
i-Pr,NEt
DMF, 86%
Ph
HN

O,
§
o]

}'QO Diprovogcim-1
HN

[

The syntheses of Diprovocim molecules and
intermediates are shown and discussed in detail in WO
2018/005812 1A, publiished on January 04, 2018.
Illustrative syntheses are alsc set out hereinbelow.

(35,48)-i-tert-Butyl 3-Ethyl 4-{({S)-4-
Benzyl-2-oxooxazolidine-3-carbonyl}pyrrolidine-1, 3-
dicarboxylate (2). (35,48)-BEthyl i-benzyl-4-((S)-4-
benzyl-2-oxcoxazolidine-3-carbonyl)pyrrolidine-3-
carboxylate' (1, 3.43 g, 7.86 mmol) and Boc:O (1.80 g,
8.25 mmol, 1.05 equiv) were dissclved in ethanol
{Et0H, 50 =mL) at room temperature. Pd{0OH),/C {(5C0 mg)
was added and the reaction mixture was sparged with
nitrogen (N:) for 15 minutes.

~

3-way fiushing adapter, equipped with a

o

hydrogen (H;) filled baliloon and vacuum source, was

attached. The headspace above the reaction mixture

& single sterecisomer according to: Bac et al.,
U.3. Patent ¢,489,2354 BR1.

-4 -
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was evacuated until the solvent began to boil, then
backfilled with H,. This vacuum/fill process was
repeated 10-15 times to maximize H; in the headspace.
After stirring for 18 hours, the reaction mixture was
filtered through a ¢ cm Celite plug, rinsing with

EtOH aliquots (32 x 15 mL) thoroughly, and

o

N

concentrated. Flash column chromatography (Si0;, 253%

o

EtOAc/hexanes) provided 2.93 g (84%) of 2 as a clear,
viscous oil.

'H NMR (400 MHz, CDCls:) & 7.40 - 7.19 (m, 5H), 4.69
{dd, = 9.0, 4.5 Hz, 1H), 4.52 (g, J = 7.7 Hz, 1H},
4.29 - 4,14 (m, 4H), 3.95 - 3.75 (m, 2H), 3.60 (m,

2H), 3.52 — 3.27 (m, 2H), 2.86 — 2.71 {(m, 1H), 1.46

1H
(s, 9H), 1.28 (t, J = 7.5 Hz, 3H). HRMS (ESI-TCF) m/z
calcd for Cu.3HyN.O; [M+H]® 447.2126, found 447.2126.
(35,43)-1-{tert-Butoxycarbonyl)pyrrolidine-
3,4-dicarboxylic 2cid (3).7 (35,4S8)-1-tert-Butyl 3-
ethyl 4-((S)-4-benzyl-2-oxooxazolidine-3-carbonyl) -
pvrrolidine-1,3-dicarboxylate ((35,45)-2, 2.06 g,
4.63 mmol) was dissclved in anhydrous tetrahydrofuran
(THF, 20 mlL) and cooled to 0 °C. Hydrogen peroxide
(2.10 mL, ca. 18.5 mmol, 4.0 egquiv, 30% w/v) was
added dropwise to the stirred reaction solution.
After 3-5 minutes, LiOH*H.O (500 mg, 11.9 mmol) was
added. After 2 hours, additional LiOH (470 mg, 11.2
mmol) was added, aiong with H:0 (10 mL) and THF (15

The aqueocus THF reacticn mixture was
stirred 3 hcurs, warming to rccom temperature.
Saturated aqgquecus Na;303 (10 mlL) was added, and the
THEF was remcved under a N; stream. The resuiting

mixture was poured into H:O {200 mL} and extracted

? Modified procedure from: Ma et al., Tetrahedron Asymm. 8, 8832-

-¢5-
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with methylene chloride (CH;Cl,, 2 x 100 mL) to remove
the oxazolidinone.

The agueous phase was acidified with the
addition of aqueous 1 N HC1 to pH 2 (ca. 75 mL). The
agueous phase was extracted with ethyl acetate
(EtQAc, 3 x 125 mL}, and the organic extracts were
dried over Na.SCi;, filtered and concentrated to
provide 1.13 g (%4%) of {5,5)-3 as a white solid.

'H NMR (500 MHz, DMSO-dg) & 3.59 — 3.48 (m, 2H), 3.41
- 3.31 (m, 2H), 3.30 - 3.18 (m, 2H), 1.39 (s, SH).
(

phenylcyclopropyli)carbamoyl)pyrrelidine-l-carboxylate

o8]

S,48)-tert-Butyl 3,4-Bis{({{15,2R)-2-

(5). (35,48)-1-(tert-Butoxycarbenyi}jpyrrolidine-3,4-
dicarboxylic acid ((8,8)-3, 775 mg, 2.99 mmol),
(1S, 2R)-trans-2-phenvlcyclopreopylamine {{(15,2R)-4,
816 mg, 6.13 mmol, 2.05 eqguiv, commercially available
from D-L Chiral Chemicals), and l-hydroxy-7-
azabenzotriazole {(HOAL, 895 mg, 6.58 mmeol, 2.20
equiv} were dissolved in anhydrous dimethylformamide
({DMF, (15 mL) under a N, atmosphere. 2,¢-Lutidine
{(1.7% mL, 14.% mmol, 5.0C eguiv) was added slowly.
Upon dissolution of the reagents (about 15 minutes},
i-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (EDCIeHC1, 1.43 g, 7.47 mmol, 2.50
equiv) was added in one portiocon, and the reaction
mixture was stirred for 18 hours, after which it was
poured into agueous 1 N HC1 (150 mlL) and EtOAc (100
mL) .

The aqueous phase was extracted with EtlAc
(2 x 75 mL), and the combined crganic phases were
washed with agqueous 1 N HC1 (75 mlL), saturated
aqueous NaHCO3; (75 mL), and saturated agueous NaCl (50
mL) seguentially. The organic phase was dried over

Na-»S50,4, filtered and concentrated. Flash column
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chromatography {510z, 50

g {(70%) of 5.

'H NMR (400 MHz, CDCl.) & 7.323
7.09 (m, S5H), 6.61 (s, 1H), 6.
= 9.7 Hz, 1H), 3.6% (m, 1H), 3
1H), 3.42 (t, J = 10.4 Hz, 1H)
9.3 Hz, 1H), 3.1i2 (t, J = 9.7

2.05 (ddt, J = 9.8, 6.4, 3.4 H
1.24 (g, J = 6.6 Hz, Z2H), 1.13
2H} HRMS (ESI-TOF) m/z calcd

90.2700, found 490.2705.

EtOAc/hexanes)

2

PCT/US2019/044421

provided 1.02

-
!

22

5H), 7.23

(m,

iH), 3.85 (%,

g

J 10.5 H=,

-
[

3.27 =

(q, 10.0,

2.88

r

Hz, 1H), (m, Z2H),

2d)y, 1.4¢ 9H) .,

3

(3,

10.1,

ZI
(dt,

for CZ(,HJ,JN}OLi

[

7 3.

o/

Hz,

[M+H]T

(35,45)-N,N*-Bis ( (1S, 2R) -2-phenyl-

cyclopropvl)pyrrolidine-3,4-di
Hydrochloride (6).

bis{{({18,2R)-2-phenylcycloprop

pyvrrolidine-I-carboxylate (5,
suspended in anhydrous THE (2
temperature., 4 N HC1 {8 mL, 4

dioxane) was added dropwise Lo

reaction solution. After stir
temperature, during which some
precipitated from the reaction

were removed by N:; stream over

(35,48) -ter

carboxamide
t-Butvi 3,4-
vl)carbamoyl) -
998 mg, 2.04 mmol) was
mL) at room

.0 M solution in

the vigorously stirred

2

-

ring hours at room
product had
mixture, the solvents

16 hours. The residual

solids were suspended in anhydrcus THF and

reconcentrated in vacuo (3 x 5
removal of the dioxane and exc

was repeated with anhydrous Et

870 mg (99%) of 6 as an amorph

mL} to ensure complete
ess HCi. This process
2C (3 x 5 ml) to provide

cus white solid.

'H NMR (500 MHz, DMSO-ds) & 9.35 (s, 2H), $.76 (d, J =
4.4 Hz, 2H), 7.26 (t, J = 7.6 Hz, 4H), 7.20 - 7.06

(m, 6H), 3.76 — 2.62 (m, 1H), 3.55 - 3.42 (m, 1H),
3.26 {(t, J= 8.2 Hz, 2H), 3.21 - 3.11 (m, 2H), 2.90 -
2.7¢ (m, 2H), 1.99 (ddd, J = 9.6, 6.3, 3.4 Hz, 2H),
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i.26 - 1.13 (m, 4H}. HRMS (ESI-TQF) m/z calcd for
Cy4HzaN:0» [M+H]' 390.2176, found 390.2178.
Diprovocim-1: (35,3'5,48,4'S)-1,1"'-
Terephthaloylbis (N, N'-bis ((15,2R)-2-phenylcyclo-
propyl)pyrrelidine-3,4-dicarboxamide) . (35,48)-N",N*-
Bis ({15,2R) -2-phenvicyclopropyl)-pyrrolidine-3,4-
dicarboxamide hydrochloride (6, 500 mg, 1.17 mmol,
2.20 eqguiv) and terephthalic acid (benzene-1,4-
dicarboxylic acid, 89 mg, 0.53 mmol, 1.00 equiv) were
dissolved in anhydrous EMF (6 ml) at room
temperature. 1i-Pr;NEt (0.280 mL, 1.60 mmol, 3.00
equiv) was added, followed by bromo-tris-
pyrrolidinophosphonium hexaflucorophosphate (PyBrOF,
497 mg, 1.07 mmci, 2.0C eguiv) after 5 minutes and
the mixture was stirred at 23 °C for 18 hours. After
18 hours, the reaction mixture was diluted with EtOAc
{300 mL) and washed with agquecus 0.5 N HC1 (2 x 150

mL). The agueocus phase was extracted with EtCAc (1 X

The combined organic phases were washed
with saturated aqueous NaHCC; {100 mL) and saturated
agueous NaCl (75 mL). The organic phase was dried
over Na;S0;, decanted and concentrated. Flash column
chromatography (5i0:, 5-8% MeOQOH/CH,Cl:) provided
Diprovocim—-1. Diprovocim-1 ccould be further purified
by trituration with cold (0 °C) 1:1 Et.0/EtOac {3 x5
mL), decanting cff the liguid phase to provide 421 mg

26
(86%) of pure diprovocim. {a}ID +57 (¢ 0.33, EtOH).

9]

TR (neat) ., 3259, 1633, 1539, 1426, 1386, 1073, 695

-1

4

cm
'H NMR (600 MHz, DMSO-d¢) & 8.42 (d, J = 4.3 Hz, 2H),
8.29 (d, J = 4.3 Hz, 2H), 7.56 (s, 4H), 7.27 - 7.21
(m, 8H), 7.1%9 — 7.09 (m, 8H), 7.09 — 7.03 (m, 4H),

-68—
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3.80 (dd, J = 12.0, 8.6 Hz, 2H), 3.71 - 3.58 (m, 2H),
3.51 (ddd, J = 15.6, 11.2, 8.2 Hz, 4H), 3.19 (g, J =
8.4 Hz, 2H), 3.10 (g, J = ©.1 Hz, 2H), 2.90 - 2.80
(m, 2H), 2.80 — 2.73 (m, 2H), 1.97 (ddd, J = 9.8,
6.4, 3.4 Hz, 2d), 1.86 (ddd, J = 9.5, 6.3, 3.4 Hz,

2H), 1.21 - 1.12 {(m, 4H), 1.13 - 1.905 (m, 4H). “C NMR
(151 MHz, DMSO-d.) & 171.65, 170.93, 167.4
37.71, 1i28.17, 12e.14, 12

25.80, 51.48, 48.74, 46.95, 45.

D

[9¥]
[~
w
W
-
(93]
[N
i

5, 25.87, 23.90, 23.81, 15.33,

C

(ESI-TOF) m/z calcd for CsieHs:NegOg [M+HIT 90
found 909.4334.
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The foregoing description and the examples
are intended as illustrative and are not to be taken
as limiting. Still other wariations within the
spirit and sccepe of this inventicn are possible and
will readily present themselves to those skilled in

the art.
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CLAIMS

1. A method of inhibiting the growth of
diseased cells in a mammal, which diseased cells
exhibit a marker molecule that is absent on cells of
the same type that are free of said disease or is
present on the disease-free cells in significantly
reduced numbers compared to said diseased cells, that
comprises the steps of:

a) administering to said mammal (i) an
adijuvant-sufficient amount of a Diprovocim compound,
{ii} a T cell-stimulating amount of an immune
checkpoint inhibitor, and (iii) an immunizing amount
of said marker molecule or portion thereof;

b} maintaining said immunized mammal
for a time pericd sufficient for said mammal to meount
an immune response to said immunization; and

wherein said Biprovocim compound

corresponds in structure to structurai Formula V,

R1

NH 3

e} R
. Z NH/
N
o) | 0
WA N \'

NH A

R2 ©

wherein

-A is -H (hydrido) or -C(C NH—R4;

3 and R%? are the same or different

rl, rZ, R
and are a 2-{4-fiuorophenvyl)ethyl, a trans-Z-

phenylcycloprepyi, a trans—-2-{4-fluocrophenyl)-
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cyclopropyl or a C»-Cqg hydrocarbyl group with the
provisos that:

1) at least two of Rl, R<, r3 and r4 (R1‘4)
or at least two of Rl, RZ, and R3 (R1_3) are a trans-
2-phenvyicyclopropyl, a trans—-2-(4-flucrophenyl)-
cyclopropyl group or a mixture thereof, or sach of
rl-4 is & 2-({4-fluorophenyl)ethyl group,

2} at least one depicted
pyrrolidinyldicarboxamido group has the (S,8)
configuration, and each depicted R substituent other

than a C2-C1g hydrocarbyl group is a trans-2-
phenvlcyclopreopyi, a trans-2-{4-flucrophenyl)-
cyclopropyl group or a nixture thereof when each of
r1-4 is other than 2-({4-fluorcophenylijethyl,

3) no more than two of RIT4 are Cs-Cig
hydrocarbyl groups when -A is ~C (0)NH-R4, and

4) when A is hydrido, one of R1-3 can be a
C»-Cq1g hydrocarbyl group and the depicted R3-
containing pyrrolidinylcarboxamido group can have
either the R or 5 configurations, or a mixture of
both configurations;

-% is one or more of halogen -H, -NH,, -0H,
-OCH3, -NC», -0CHpCO2H, -0(CH»CH»0),CH;CH,COZH,
—-OCHZCONH (CH»CH»0) ,CHCH2CO»H, -NHCOCH;O-
(CHoCE20) ,CH2CO2H, -OCH,CONHCH>CONHCH (CHOHE) CCoH,
-OCH> CONHCH>CONHCHCOH {CH2CCoH) ,
-OCH>CONHCH>CONHCH (CHOH) (CH2CH20) ,CH2CHCO2H,
—-OCH>CCONHCH, CONHCH (CHOH) (CHoCH20) ,CH2CH2COSH,
-~OCHpCONHCHCONHCH{ (CHp) gNH,]1CO2H,
-OCH>CONHCH» CONHCH (CHOH) CO{NHCH[ (CHp) gNH, 1 CO} NHCH-

{ (CH2)4NH»]1COzH (SEQ ID NOs: 3-8},
20 4N0D Z2
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—-OCE-CONHCHCO{NHCE{ (CEo} 4NH5 ] CO}pNHCH [ (CEp) 4NH]ICOoH
(SEQ ID NOs: 95-13)

and —OCHZCONHCHQCO{NHCH(CHZOH)CO}qNHCH(CHZOH)CO2H
(SEQ ID NOs: 14-18);
W is nitrogen (N) or CH;

is a number whose average value is one

"m” is a number whose value is 1 to about
€; “p” is a number whose value is 1 to about
&; and

“g” is a number whose value is 1 to about
6.

2. The method according to claim 1,

wherein said Diprovocim compound, immune checkpoint
inhibitor, and marker molecule are administered
dissolved or dispersed in an immunizing

pharmaceutical composition.

3. The method according to claim 2,
wherein said Diprovocim compound, immune checkpoint
inhibitor, and marker molecule cor portion thereof are
administered disscived or dispersed in separate

immunizing pharmaceutical compositions.

4. The method according to claim 2,
wherein said Diprovocim compound and marker molecule
or porticn thereof are administered dissolved or
dispersed from the same immunizing pharmaceutical

composition.,

5. The method according to claim 2,
wherein said Diprovocim compound, immune checkpoint

inhibitor, and marker molecule marker molecule or

~J
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portion therecf are administered together dissolved
or dispersed from the same immunizing pharmaceutical
composition.

6. The method according to claim 2,
wherein said immunizing composition is an agqueous

medium.

7. The method according to claim 1,

wherein said immune checkpoint inhibitor is a
paratope-containing molecule.
8. The method according to claim 1,

wherein the substituents of each depicted
pvrrolidinyldicarboxamido group in Formula V has the

{S,S) configuration.

9. The method according to claim 1,
wherein W is CH, said Diprovocim compound has the
structural Formula Ia, and wherein the R1-4 and 7

moleties are

R 1
NH 3
NHT
O 12, » N
© 8 Ia
NH
e
R2 NH
\R 4
as described above.
10. The method according to claim 1,

wherein -2 is -H.

~J
.|
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11. The method according to claim 10,
wherein each of RLI™% is a trans—-Z-phenvylcyclopropyil

group or & trans-2-{4-fluorophenyl)cyclopropyl group

having the (15,2R) configuration.

12. The method according to claim 1,
wherein said diseased cells are cancerous or

pathogen—-infected.

13. The method acceording to claim 12,
wherein said diseased cells are cancerous solid tumor

cells.

14. The method acceording to claim 13,
wherein said marker molecule is cne or more of CD96,
Cbz¢, DLL4, CDb5, TIM-3, CXCR1, CD54, Cbll4, LGRS,
CD105, CDhbho, CDi3, CDZ271, CD34, CXCr4, CDZs, CD1l17,
CD10, CD146, Notch2Z, CD49f, CD24, ABCG2, PODXL-2,
Cripto-1, (D326, CDS90, CD133, SSEAL, TRA-1-81, TRA-1-
60, SSEA4, SSEA3, CD151, CD340 and CD44.

15. The method acccerding to claim 14,
wherein said cancerous solid tumor cellis are selected
from the group coansisting of cne cor more of
osteosarcoma ceils, Kaposi's sarcoma cells, melanoma
cells, prostate cancer cells, glicblilastoma cells,
small cell lung carcinoma cells, breast cancer cells,
iiver cancer celils, colon cancer cells, ovarian
cancer cells, renal cancer cells, gastric cancer
cells, neurcblastoma cells, pancreatic cancer cells,

and Hodgkin's lymphoma.
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16. The method according to claim 12,

wherein said diseased cells are pathogen-infected.

17. The method according to claim 16,
wherein the infecting pathogen is one or more of a
virus, a bacterium, a fungus, and an unicellular

parasite.

18. The method according to claim 17,

wherein said marker moclecule is one or more of the

e

circumsporozoite protein of P. falciparum, P. vivax,

P, bergeii or P. voelli; the MZe protein,
hemagglutinin protein or neuraminidase protein of

influenza virus.

19. The method according to claim 1,
wherein said Diprovocim compound has a structural
formula selected from the group ceonsisting of one or

nore of Formulas A, B, C, D, E, F, G, H and I

A Ph
P NH A
A 0 HNY
o7 "
0 N o A
N 0
oNH P
: 0
Y HN,  _Ph
Ph v
F\©\/\ F
NH /~\/J:::(
HN

O
o7 NJ\©\‘( o B
F F
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pd

O

P y NH(CH,)4CHs i
o) o)

NH 1 rNH(CHz)gCHa

) O O

Ph g=2-17



CA 03108515 2021-02-02

WO 2020/028532 PCT/US2019/044421

PhA “NH

o)

o)”"' NH(CH,),CH

N
o) o)
N G
NH
Y )
P h=7-17
Ph

and

Ph
0O \‘A
HN
N O
N o I
"’//
§
NH(CH,),CHs

j=7-17
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Fig. 1A
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Fig. 1C
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Fig. 2B
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Fig. 2C
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Fig. 2D
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Fig. 3A
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Fig. 3B
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Fig. 3C
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Fig. 3F
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Fig. 4F
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Fig. 4G
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Fig. 5B
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Fig. 5D
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Fig. 5E
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Fig. 5F
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Fig. 5G
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Fig. 5L
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Fig. 5M
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