DKN-01, a Therapeutic DKK1 Neutralizing Antibody, Has Immune Modulatory Activity in Nonclinical Tumor Models
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Abstract Results

Wnt signaling is a fundamental pathway that is dysregulated in oncology. The Wnt signaling . ] - - . _ . .
modulator DKKA is expressed in a variety of tumor types and elevated levels frequently cor- Figure 1: DKN-01 Neutralizes DKK1 in Cell Based Assays Figure 5: Murine DKN-01 Induces Cxc/10 But Not Cxcr3 Expression
relate with poor survival. DKK1 promotes tumor growth by stimulating proliferation, metasta- A) Cxcl10 Expression (Day 8) Cxcl10 Expression (Day 11)
sis, and angiogenesis, and has been implicated in contributing to an immune suppressive A) B) 15007 o= 0.04 5007 p-val = 0.00008
tumor microenvironment. DKN-01 is a humanized monoclonal therapeutic antibody that binds I9G DKN-01 2 . 2 400- .
DKK1 with high affinity and selectivity. It is currently being evaluated clinically as a monother- >0,000- ° 31000- 3 3001 i A) Murine DKN-01 (mDKN-01) treatment induc-
apy and in combination in a variety of solid tumors. Here we describe further characterization . 4+ Y 4+ 4 + 4 X & & 1 1 FLDKKT 40,000- &E’ £00- . j:E 2 200- es expression of Cxc/10. NanoString expres-
of the mechanism of action of DKN-01 and demonstrate immune mediated anti-tumor activity -+ + + + 4+ + + + + + + Wnisa v 30000 % —% ] % 100- =i sion data from B16 isolated tumors at Day 8 or
in nonclinical models. A murine version of DKN-01 (mDKN-01) has efficacy in a syngeneic pr S T 0 - - 0 . . 11 following bi-weekly treatment with mDKN-01
melanoma B16 tumor model. However, mDKN-01 is unable to impede B16 tumor growth in - WB:p-LRP6 = 54 500 B) lgG2a mDKN-01 lgG2a mDKN-01 or IgG2a (10 mg/kg). RNA counts were nor-
NSG immgnodeficient mice, ind?ca!ting that a functioning immune sys_tem IS rgquired for _anti- o =] WB: p-catenin 10.000- Cxcr3 Expression (Day 8) Cxcr3 Expression (Day 11)  malized with the NanoString nCounter Ad-
body activity. Furthermore, preliminary data suggest that mDKN-01 is targeting a myeloid de- ' / - 150- vanced Analysis Plugin. Mean and standard
rived suppressor cell population in the tumor microenvironment and as such may work in com- | 0? — : : @ p-val =0.5 @ prval =01 deviations are shown. B) mDKN-01 does not
bination with a checkpoint inhibitor. These data support an immune mediated mechanism of - =) \\B: Actin 0 1 2 5100 % T 5100 _:J_t_ L induce expression of the Cxcl10 receptor,
action of DKN-01 and provide a rationale for clinical development in combination with immu- Antibody: Log (ng/mL) O {‘E > o Cxcr3. Samples were treated and analyzed as
notherapy agents. The first clinical study evaluating DKN-01 in combination with pembroli- . . . " . 2 >0 < 7 described for A.
zumab has initiated enrollment in patients with relapse/refractory esophagogastric malignan- A) HEK293T c_eIIs were §t.|mulated V\{'th Wnt3a or comblned_Wr_tha an_d FI-DKK1 conditioned media. Wnt3a and
cies (NCT02013154) FI-DKK1 combined conditioned media was pre-incubated with increasing amounts of DKN-01 or a human IgG control 0 Gom MDRN.OT 0 9G2a mDKN-01
' antibody. Phosphorylated LRP6 (p-LRP6) and p-catenin levels were measured by western blot (WB) 16 hours after 0
. stimulation. Elevated levels of p-LRP6 and p-catenin indicates activation of canonical Wnt signaling. Conditioned _ _ - __ ] _ ]
I ntrod u Cth n media from FI vector transfected cells was used as a control (lane 1 and 2 from the left). B) HEK293 cells with a Figure 6: Murine DKN-01 Has Additive Activity With an anti-PD-1 Antibody
stably integrated TCF/LEF luciferase reporter were treated with recombinant Wnt3a (200 ng/mL), DKK1 (100 ng/mL)
Wit sianaling is a fund 1 oath - olved in st | maint | fate decisi | and an increasing titration of DKN-01 or an IgG4 control antibody for 6 hours. Relative luminometer units (RLU). A mDKN-01 anti-PD-1 Combination Has Additive
liferation, survival, migration, and polarity determination. Dickkopf-1 (DKK1) is a negative regulator of N 4()())f (B16) Syng C57BL/6J mice (15 per group) were inoculated subcuta-
the canonical Wnt signaling pathway by blocking Wnt interaction with the LRP5/6 coreceptor. In addi- _ _ T _ T = neously with B16-F0 mouse melanoma cells on Day 0.
tion, DKK1 has been implicated in activating noncanonical Wnt signaling and PI3K/AKT signaling. Figure 2: Murine DKN-01 Activity Requires a Functioning Immune System % 300 - +IgCDSiaN . T1hoe folllcl)(wmg.day, llzll-vt:eelftly tretatr:ﬁnt Wltht'rrI;%K‘[l\l-O1t'
- Al - - - m , bi-weekly treatment with an anti-PD-1 anti-
DKK1 modulatlon_ of these signaling p.athways has beep I|nkgd to promptlng tumor growth and metasta- A) mDKN-01 has Activity in a B) mDKN-01 Does Not Have Activity £ 200- . & m (b g 92 58) / y r o an : -
sis. Overexpression of DKK1 occurs in numerous malignancies and this frequently correlates with a Melanoma (B16) Syngeneic Model in a Melanoma (B16) NSG Model 9 +GPD'1_ . o0y ( 19 mouse),_or COMbINaon freanner was ink
worse clinical outcome. Emerging evidence has implicated DKK1 in promoting an immune suppressive = 100- * % Combination tiated. The control animals were treated with rat IgG2a
tumor microenvironment by signaling to immune cells. Here we characterize DKN-01, a therapeutic T 300- - 9007 = (250 ug/mouse). Mei” tumor volumes*f\re plotted. Error
DKK1 neutralizing antibody, and demonstrate that activity in a murine syngeneic tumor model depends £ S 400- = olw —_— bars represent SEM. "p-value <0.001, *“p-value
on a fully functioning immune system. Our results indicate that murine DKN-01 has immune modulato- 0 200+ _ =IgG2a > 200- :Irggli?\l-m 0 4 Dgy 11 14 <0.0001.
ry activity in the myeloid compartment, thus providing a rationale for combination treatment with check- E = mDKN-01 £
point inhibitors. > 00 S 200 — — : : : :
5 5 100- Preliminary Results of Clinical Study Evaluating DKN-01 with KEYTRUDA® (pembrolizumab) in
Model of DKK1 Tumor Promoting Activity 2 ola S E Lo - Patients with Advanced Gastroesophageal Adenocarcinoma (GEA)
0 4 D8 11 14 0 4 Dgy 11 14 « DKN-01 administered on Days 1 and 15 of each 21-day cycle, pembrolizumab (200mg) on Day 1 of each 21-day cycle
ay
[ A) Immune competent C57BL/6J mice or B) immune incompetent NSG (NOD.Cg-Prkdcscid [1I2rgtm1Wijl/SzJ) mice Dose Escalation (Two Cohorts) Dose Expansion (Two Groups)
(10 per group) were inoculated subcutaneously with B16-FO mouse melanoma cells on Day 0. The following day, DKN-01 (3300 mg)
bi-weekly intraperitoneal treatment of murine DKN-01 (mDKN-01) or IgG2a control was initiated at 10 mg/kg. Mean Pembrolizumab »  anti-PD-1/PD-L1 Naive (n=40)
DKK1 promotes an immunosuppressive tumor volumes and SEM are plotted. *p-val = 0.0003. ¢
tumor microenvironment’
* Increases MDSC and Treg suppressor activity>* DKN-01 (150 mg) . B
Immunosuppressive + Downregulates NK activating ligands Figure 3: Murine DKN-01 Alters the Immune Infiltrate in the Tumor Microenvironment Permbrolaumak AMAFBAFLSLY R e ([=19)
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Table 1: DKN-01 Binds Multiple Species of DKK1 with High Affinity Figure 4: Murine DKN-01 Induces Immune Gene Expression Changes 1909 anii-pD-L 69 F w/GC, s/p FOLFOX, anti-PD-L1 for 2 years with PD MSS | neg  Stable Disease (-10%) Cycle 6
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The equilibrium dissociation constant (K_) of DKN-01 was determined 1 1 The following day, bi-weekly intraperitone- continues on study. | Pereipeana/
by a kinetic exclusion assay (KinExA). 0 0 al treatment of mMDKN-01 or IgG2a control Mass
_ - 54321012345 54321012345 antibody was initiated at 10 mg/kg.
Table 2: DKN-01 is Specific for DKK1 Log2 Fold Change Log2 Fold Change Tumors (5 per group) were isolated on
- Day 8 and 11, and purified RNA was ana- :
- Weights of Tumors Used for ’ C
Family Member Ko C) NanoString Analysis D) Ptprc (CD45) Expression lyzed by NanoString using the PanCancer O n CI U S I O n S
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