
The innate immune response provides the first line of defense against tumor cells by inducing a cascade of immunomodulatory events that includes the secretion 
of cytokines and the stimulation of natural killer (NK) cells.  NK cells mediate anti-tumor activity by two different mechanisms.  First, NK cells direct the lysis of 
tumor cells through the secretion of cytotoxic granules and promote apoptosis through the production of IFN-γ. The latter also increases the anti-tumor response 
of other immune cells.  Second, NK cells also recognize and kill transformed cells through antibody-dependent cell-mediated cytotoxicity (ADCC). NK cells are 
activated by diverse signals, including type I interferons (IFN).  Type I IFN are produced by plasmacytoid dendritic cells (pDCs) upon engagement of the pattern 
recognition receptor toll-like receptor 7 (TLR7).  The natural ligand for TLR7 is single stranded RNA, although a variety of small molecule agonists have also been 
discovered. This study investigated the effects of a low molecular weight TLR7 agonist on human NK cell activity.   
		  ANA773 is an oral prodrug of a selective TLR7 agonist. This biologically active metabolite of ANA773 induced the secretion of IFN-α and various other cytokines 
from human peripheral blood mononuclear cells (PBMC) cultured in-vitro. Cytokine levels were also elevated in the plasma of ANA773 treated primates. 
Human PBMC stimulated with the active metabolite of ANA773 augmented NK cell cytotoxicity and cytokine secretion against both K562 erythroleukemic cells 
and transformed B cell lines. These effects were shown to be dependent on the presence of type I IFN, confirming the importance of IFN-α in mediating NK 
responses. In addition to promoting NK activation through the direct recognition of tumor cells, this small molecule TLR7 agonist also enhanced  ADCC; 
treatment of human PBMC with the active metabolite augmented cytolysis of rituximab (anti-CD20) bound, CD20-expressing B cell lymphoblastic cell lines.  
		  Thus, the active metabolite of ANA773 enhances NK cell mediated anti-tumor response by promoting cytokine secretion, cytolysis of tumor cells, and 
antibody-dependent tumor cell lysis. These data demonstrate that ANA773 and its active metabolite show therapeutic potential for the treatment of tumor 
malignancies. 

• Assess cytokine responses after both in-vitro and in-vivo exposure to ANA773
	 and its active metabolite 

• Determine the in-vitro effect of the active metabolite of ANA773 on functional
	 NK cell activation 

• Determine whether the active metabolite of ANA773 promotes ADCC in-vitro

• ANA773 and its active metabolite stimulate cytokine responses including IFN-α, a known anti-tumor cytokine 
 	 •	 Induces a strong IFN-α response both from human PBMC in-vitro and in the plasma of cynomolgus macaques  
	 •	 Stimulates the production of a broad spectrum of cytokines from human PBMC that includes IFN-α , IFN-γ, 
	   	 MIP-1α, and IL-6.  

• The active metabolite of ANA773 promotes functional NK cell activation   		
	 •	 Enhances cytolytic activity   
	 •	 Augments cytokine production   
	 •	 Enhanced NK cell activation is dependent on the presence of type I IFN 

• The active metabolite of ANA773 augments the activity of therapeutic antibodies by enhancing rituximab 
    mediated ADCC against autologous transformed B cells   

• These in-vitro and in-vivo effects are consistent with the potential anti-tumor effects of a TLR7 agonist and 
    show promise for ANA773 as a therapeutic for patients with tumor malignancies
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Figure 1: ANA773 and its active metabolite induce a strong IFN-α response 

(A) Stimulation with the active metabolite of ANA773 triggers a dose dependent IFN-α response in-vitro.  Human PBMC (N=24) were treated with the indicated concentration of the active metabolite of ANA773.   
After 24 hours, secretion of IFN-α into culture supernatants was measured using ELISA.  Each dot represents an individual human donor and the bars indicate the mean.  (B) ANA773 induces IFN-α secretion 
in the plasma of cynomolgus macaques that peaks at 4 hours after dosing.  Cynomolgus macaques were dosed with 100 mg/kg of ANA773 P.O. and levels of IFN-α in the plasma was measured using multiplex 
bead immunoassay.  Data shown are the mean of 4 monkeys. 

Figure 2: The active metabolite of ANA773 stimulates IFN-α production 
and a broad spectrum of other cytokine responses in-vitro 

Human PBMC (N=23) were incubated with 100µM of the active metabolite of ANA773 for 24 hours.  Cytokine concentration in culture supernatant was measured using the multiplex bead immunoassay.  Red 
lines represent cytokine levels (median) in untreated PBMC.  The box represents the lower to upper quartile range, and the whiskers represent the complete data range. The line represents  the median of the data.  
Outlier data points (defined as points greater than the upper quartile + 1.5 x the interquartile distance [IQD], or less than the lower quartile - 1.5 x IQD) are displayed as black circles.  The blue circles indicate 
the mean. 

Figure 3: The active metabolite of ANA773 promotes NK cell cytolysis in-vitro

(A) Killing of K562 target cells from one representative donor after exposure of PBMC to the active metabolite of ANA773 at different effector to target cell (E:T) ratios. (B) Box and whiskers plot of NK cell lysis 
against NK sensitive K562 and NK insensitive Daudi B cells from multiple donors at the 33:1 E:T ratio.  PBMC were treated with 0µM or 100µM of the active compound for 18-24 hours then mixed with DiOC

18 

labeled K562 targets cells during the final 5 hours.  Killed K562 cells were measured by identifying those target cells that were PI positive (PI+) by flow cytometry.  Percent  lysis is defined as the percentage of K562 
(DiOC

18
+) cells that are PI+ after incubation with PBMC minus the percentage of K562 cells that are PI+ in the absence of PBMC.  Samples in (A) were performed in duplicate and expressed as means.  Statistical 

measures in (B) defined as in figure 2.  The black circles indicate the mean.  P values were calculated using paired Student’s T-test.

Figure 4: The active metabolite of ANA773 induces IFN-γ production from NK cells in-vitro 

(A) Flow cytometry plots of IFN-γ production by NK cells from a representative donor.  (B) Box and whiskers plot of the percentage of NK cells producing IFN-.γ from multiple donors (N=11).  Human PBMC 
were treated with 0µM or 100µM of the active compound for 18-24 hours.  NK cell cytokine production was measured by cell surface staining for NK markers (CD56+CD3-) followed by intracellular IFN-γ staining 
after a 5-hour incubation with K562 target cells at a 10:1 E:T ratio.  Statistical measures in (B) defined as in Figure 2.  The black circles indicate the mean.   P values were calculated using paired Student’s T-test. 

Figure 5:  The active metabolite of ANA773 drives in-vitro NK cell activation
partially through the secretion of type I IFN 

NK cell cytolysis (as measured by NK cell degranulation) (A) and IFN-γ production (B) induced by the active metabolite of ANA773 is partially inhibited by antibodies against IFNα/βR.  
PBMC were treated with 100µM of the active compound for 24 hours.  These cells were also given either 30µg/ml of anti-IFNα/βR antibody or an isotype control.  The treated cells were mixed 
with K562 targets during the final 5 hours of incubation at a E:T ratio of 10:1.  NK cytotoxicity was determined by measuring NK degranulation of cytotoxic granules by identifying CD107a 
expressed on the surface of NK cells (CD56+ CD3-).  NK cell IFN-γ production was measured as in Figure 4.  Data shown are the mean from 2 donors. 

Figure 6: The active metabolite of ANA773 enhances ADCC 
against autologous transformed B cells in-vitro

PBMC (N=7) were treated with 100µM of the active metabolite of ANA773 for 24 hours then mixed with rituximab (antibody against CD20) bound autologous Epstein-Barr virus (EBV) B-lymphoblastoid cell 
lines (LCL) during the final 5 hours of culture.  EBV B-LCL were derived from PBMC by in-vitro infection with EBV containing culture supernatant.  NK cytolysis against antibody bound autologous B-LCL 
was determined by measuring CD107a expression on the surface of NK cells (CD56+ CD3-).  Each dot represents an individual human donor and the bars indicate the mean.

Figure 1: ANA773 and its active metabolite induce a strong IFN-αααα response

  
 A.            B. 

(A) Stimulation with the active metabolite of ANA773 triggers a dose dependent IFN-α response in-vitro.  Human PBMC (N=24) 
were treated with the indicated concentration of the active metabolite of ANA773.   After 24 hours, secretion of IFN-α into culture 
supernatants was measured using ELISA.  Each dot represents an individual human donor and the bars indicate the mean.  (B) 
ANA773 induces IFN-α secretion in the plasma of cynomolgus macaques that peaks at 4 hours after dosing.  Cynomolgus macaques 
were dosed with 100 mg/kg of ANA773 P.O. and levels of IFN-α in the plasma was measured using multiplex bead immunoassay.  
Data shown are the mean of 4 monkeys. 
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Figure 2: The active metabolite of ANA773 stimulates IFN-αααα production and a broad spectrum 
of other cytokine responses in-vitro. 

Human PBMC (N=23) were incubated with 100µM of the active metabolite of ANA773 for 24 hours.  Cytokine concentration in 
culture supernatant was measured using the multiplex bead immunoassay.  Red lines represent cytokine levels (median) in untreated 
PBMC.  The box represents the lower to upper quartile range, and the whiskers represent the complete data range. The line represents 
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Figure 4: The active metabolite of ANA773 induces  
IFN-γ γ γ γ production from NK cells in-vitro. 

A. 

       B. 

(A) Flow cytometry plots of IFN-γ production by NK cells from a representative donor.  
(B) Box and whiskers plot of the percentage of NK cells producing IFN-γ from multiple 
donors (N=11).  Human PBMC were treated with 0µM or 100µM of the active 
compound for 18-24 hours.  NK cell cytokine production was measured by cell surface 
staining for NK markers (CD56+CD3-) followed by intracellular IFN-γ staining after a 5-
hour incubation with K562 target cells at a 10:1 E:T ratio.  Statistical measures in (B) 
defined as in Figure 2.  The black circles indicate the mean.   P values were calculated 
using paired Student’s T-test. 
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Figure 4: The active metabolite of ANA773 induces  
IFN-γ γ γ γ production from NK cells in-vitro. 

A. 

       B. 

(A) Flow cytometry plots of IFN-γ production by NK cells from a representative donor.  
(B) Box and whiskers plot of the percentage of NK cells producing IFN-γ from multiple 
donors (N=11).  Human PBMC were treated with 0µM or 100µM of the active 
compound for 18-24 hours.  NK cell cytokine production was measured by cell surface 
staining for NK markers (CD56+CD3-) followed by intracellular IFN-γ staining after a 5-
hour incubation with K562 target cells at a 10:1 E:T ratio.  Statistical measures in (B) 
defined as in Figure 2.  The black circles indicate the mean.   P values were calculated 
using paired Student’s T-test. 
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Figure 5:  The active metabolite of ANA773 drives in-vitro NK cell activation  
partially through the secretion of type I IFN. 

    A.       B.

NK cell cytolysis (as measured by NK cell degranulation) (A) and IFN-γ production (B) induced by the active metabolite of ANA773 
is partially inhibited by antibodies against IFNα/βR.  PBMC were treated with 100µM of the active compound for 24 hours.  These 
cells were also given either 30µg/ml of anti-IFNα/βR antibody or an isotype control.  The treated cells were mixed with K562 targets 
during the final 5 hours of incubation at a E:T ratio of 10:1.  NK cytotoxicity was determined by measuring NK degranulation of 
cytotoxic granules by identifying CD107a expressed on the surface of NK cells (CD56+ CD3-).  NK cell IFN-γ production was 
measured as in Figure 4.  Data shown are the mean from 2 donors. 
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Figure 6: The active metabolite of ANA773 enhances ADCC 
against autologous transformed B cells in-vitro. 

PBMC (N=7) were treated with 100µM of the active metabolite of ANA773 for 24 hours then mixed with rituximab (antibody against 
CD20) bound autologous Epstein-Barr virus (EBV) B-lymphoblastoid cell lines (LCL) during the final 5 hours of culture.  EBV B-
LCL were derived from PBMC by in-vitro infection with EBV containing culture supernatant.  NK cytolysis against antibody bound 
autologous B-LCL was determined by measuring CD107a expression on the surface of NK cells (CD56+ CD3-).  Each dot represents 
an individual human donor and the bars indicate the mean.
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Figure 4: The active metabolite of ANA773 induces  
IFN-γ γ γ γ production from NK cells in-vitro. 

A. 

       B. 

(A) Flow cytometry plots of IFN-γ production by NK cells from a representative donor.  
(B) Box and whiskers plot of the percentage of NK cells producing IFN-γ from multiple 
donors (N=11).  Human PBMC were treated with 0µM or 100µM of the active 
compound for 18-24 hours.  NK cell cytokine production was measured by cell surface 
staining for NK markers (CD56+CD3-) followed by intracellular IFN-γ staining after a 5-
hour incubation with K562 target cells at a 10:1 E:T ratio.  Statistical measures in (B) 
defined as in Figure 2.  The black circles indicate the mean.   P values were calculated 
using paired Student’s T-test. 
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Figure 3: The active metabolite of ANA773 promotes NK cell cytolysis in-vitro 

       A.                   B. 

(A) Killing of K562 target cells from one representative donor after exposure of PBMC to the active metabolite of ANA773 at 
different effector to target cell (E:T) ratios. (B) Box and whiskers plot of NK cell lysis against NK sensitive K562 and NK insensitive 
Daudi B cells from multiple donors at the 33:1 E:T ratio.  PBMC were treated with 0µM or 100µM of the active compound for 18-24 
hours then mixed with DiOC18 labeled K562 targets cells during the final 5 hours.  Killed K562 cells were measured by identifying 
those target cells that were PI positive (PI+) by flow cytometry.  Percent  lysis is defined as the percentage of K562 (DiOC18

+) cells 
that are PI+ after incubation with PBMC minus the percentage of K562 cells that are PI+ in the absence of PBMC.  Samples in (A) 
were performed in duplicate and expressed as means.  Statistical measures in (B) defined as in figure 2.  The black circles indicate the 
mean.  P values were calculated using paired Student’s T-test.
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