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Imprime PGG, a ! -glucan PAMP (pathogen-associated molecular pattern), effectively elicits 
in vivo maturation of antigen presenting cells in mice and humans, suggesting potential 

synergy with checkpoint inhibitor therapy 
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Background 
A general structure of yeast-

derived Imprime PGG.  

Summary 

Acknowledgements 
All experiments funded by Biothera, Inc. No external funding was received to support the work. 
The authors would like to thank Steve Jameson and Kris Hogquist at the Center for Immunology, 
University of Minnesota for providing OT-I TCR transgenic mice and technical support.  

1.!In mice and humans, Imprime PGG rapidly binds in vivo to myeloid lineage cells including 
monocytes and DC subsets. Imprime induces monocyte mobilization and entry into 
lymphoid tissue. 

2.!As a PAMP, Imprime PGG provides a ÒdangerÓ signal to monocytes/DCs that results in 
increased expression of co-stimulatory molecules. DCs exhibit a type I IFN transcriptional 
profile and transcription of IFN stimulatory genes (MX1) are increased in the LNs of mice.  

3.!In the absence of a ÒdangerÓ signal, MHC class I-restricted peptide immunization results in 
anergy/poorly functional effector CD8 T cells. Imprime co-administration with peptide 
increases the magnitude and effector functions of antigen-specific CD8 T cells.  

4.!These data support a model whereby Imprime drives a coordinated immune response in 
cancer patients by providing cross-talk between the innate and adaptive immune system 
that facilitates functional tumor-specific T cell activation.  

Recognition of PAMPs via pattern recognition receptors is central to 
immune recognition of foreign threats and to the generation of a 
coordinated innate and adaptive immune response. Cancers lack PAMPs 
and are poorly immunogenic. Consequently, the immune system often 
fails to mount an effective, coordinated anti-cancer immune attack. 
Though immunotherapies (e.g. checkpoint inhibitors) are effective in some 
cancer patients, the majority of patients fail to achieve substantial 
therapeutic benefit. To fully realize the potential of immune checkpoint 
inhibitors, there is substantial interest in developing therapeutically-viable 
PAMPs capable of enabling the maturation and function of professional 
antigen presenting cells (e.g. dendritic cells, DCs). Bacterial and viral 
PAMPs (i.e. TLR and STING agonists) can elicit DC maturation but are 
poorly tolerated systemically and are thereby limited to intra-tumoral 
delivery.  
            The soluble yeast ! -1,3/1,6 glucan, Imprime PGG (Imprime), is a 
PAMP that has been successfully administered intravenously (IV), is well-
tolerated and shows promising efficacy in a series of clinical trials in > 400 
total subjects. We sought to determine whether Imprime could drive 
maturation and enhanced function of antigen presenting cells in vivo. We 
now show that Imprime binds in vivo to various dendritic cell (DC) subsets 
in both human and mouse. In mice dosed IV, Imprime also elicits DC 
maturation as indicated by CD86 upregulation and successfully induces a 
type I interferon transcriptional profile. In C57Bl/6 mice immunized with the 
OVA257-264 model antigen, Imprime treatment elicits the specific expansion 
of adoptively transferred OT-I CD8 T cells (transgenic T cells engineered 
to recognize the OVA antigen). These OT-I T cells are functional effector 
cells, showing enhanced degranulation and increased capacity to produce 
IFN-" and IL-2 when compared to OT-I cells isolated from mice challenged 
with OVA peptide alone. In ex vivo human whole blood, Imprime also 
enables DC maturation (enhanced expression of CD86, CD83, MHC class 
II), T cell expansion and production of the potent anti-tumor cytokine IFN-
". Importantly, we now show preliminary data that peripheral blood 
monocytes and classical DCs from Imprime-treated cancer patients show 
elevated CD86 expression. Collectively, these data show that Imprime, a 
novel, systemically-administered, well-tolerated PAMP, can effectively 
elicit the maturation and function of antigen presenting cells in vivo and 
may thereby enhance T cell priming and anti-tumor immune response 
elicited by checkpoint inhibitors.  

¥! Imprime is a soluble, yeast-derived ! -1,3/1,6 glucan 
immunomodulator being developed for cancer treatment in 
combination with anti-tumor antibodies.  

¥! Imprime is administered intravenously and is well-tolerated  
(> 400 patients to date).   

¥! In 1st line stage IV NSCLC patients, Imprime, when combined 
with bevacizumab/carbo/taxel increased ORR (60% vs 44% 
in control) and yielded median overall survival of 16.1 months 
(control = 11.6 months).  

¥! Imprime binds to various leukocytes including monocytes, 
neutrophils, B cells and DCs via a combination of Dectin-1, 
Fc and complement receptors.   

¥! CD8 T cell differentiation and acquisition of effector functions 
is shaped by co-stimulation provided by professional antigen-
presenting cells and cytokines (e.g. IL-12 or type I IFN). 

¥! Here we evaluate the hypothesis that Imprime matures 
monocytes/DCs and enhance T cell priming.  

Human dendritic cells bind Imprime in vivo  
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Figure 4. Circulating DCs in 
h e a l t h y h u m a n s b i n d 
Imprime in vivo . 
Healthy human volunteers were 
intravenously infused with 4mg/kg 
Impr ime. Whole b lood was 
collected prior to infusion and at 
various times after the end-of-
infusion. (A) Representative flow 
plots showing Imprime binding to 
c o n v e n t i o n a l  ( c D C ) a n d 
p l a s m a c y t o i d D C s ( p D C ) . 
Extracellular binding of Imprime to 
DCs was assessed using an anti-
! -glucan antibody. (B) Detection of 
extracellular Imprime plotted as 
the fold-MFI relative to pre-infusion 
DCs. Each set of connected 
circles represents a unique 
individual (n=12). 
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Figure 6. Imprime enhances the 
expansion and capacity of CD8 
T cells to produce multiple 
effector cytokines. (A) Na•ve 
CD44lo OT-I CD8 T cel ls were 
transferred into congenic hosts. The 
next day, mice were immunized IV with 
100µg OVA peptide +/- 1.2mg Imprime. 
7 days later, spleens were harvested 
and the OT-I response was analyzed by 
flow. (B) The frequency of OT-I in the 
sp leen . (C ) Sp lenocy tes we re 
stimulated in vitro with OVA peptide for 
5hrs in the presence of brefeldin A and 
anti-CD107a antibody and then stained 
for intracellular cytokines and granzyme 
B. (D) Representative plot of Tbet 
expression. (E) Frequency of OT-I 
capable of producing IFN-", TNF-$ and 
IL-2. (F) Boolean combinations of 
cytokine production by OT-I cells. 
**p<0.01, ***p<0.001 using unpaired 
StudentÕs t-test.   
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Figure 1. Imprime binds to mouse and human monocytes in vivo and induces 
mobilization of murine monocytes into the blood and secondary lymphoid organs. 
C57BL/6 mice were injected IV with 1.2mg DTAF-conjugated Imprime and blood, spleens and peripheral 
LNs were harvested at various times. (A) Imprime binding to peripheral blood Ly6Clo and Ly6Chi 

monocytes in mice. (B) Change in the frequency of murine monocytes 16hrs after Imprime injection. (C) 
Fold change in total # of murine monocytes in the spleen and LNs. (D) Imprime binds to human 
monocytes in vivo. Healthy human volunteers were given an IV infusion of Imprime at 4mg/kg. 
Extracellular Imprime binding to peripheral blood monocytes was assessed using an anti-! -glucan 
antibody. **p<0.01, ***p<0.001 using unpaired StudentÕs t-test.   
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Figure 2. Imprime increases expression of co-
stimulatory molecules on human monocyte-
derived DCs and enhances T cell priming. (A) 
Whole blood was incubated at 37¡C for 30min with vehicle or 
25µg/mL Imprime. Monocytes were then purified via negative 
selection using Dynabeads (ThermoFisher) and cultured for 10 
days in the presence of IL-4 and GM-CSF. CD11c+ cells were 
then analyzed by flow. (B) MoDCs were incubated with CFSE-
labeled, purified allogeneic CD3 T cells at a 10:1 T cell to DC 
ratio, and cultured for 5 days. Immunogenicity is measured in 
a mixed-leukocyte reaction. Data cumulative from 3 separate 
donors. 
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Figure 3. Imprime binds to resident and migratory DC 
populations within secondary lymphoid organs of mice. 
C57BL/6 mice were injected IV with 1.2mg DTAF-conjugated Imprime 
and spleens and peripheral LNs were harvested 30mins post injection. 
Imprime binding to splenic DC subsets (A), migratory LN DC subsets 
(B), and plasmacytoid DCs (pDC) in the spleen. Plots representative of 3 
individual mice.  
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Figure 7. Imprime induces a type I IFN transcriptional profile. (A) In order 
to generate a large number of murine DCs, recombinant B16F10 melanoma cells 
expressing Flt3L were implanted s.c. into C57BL/6 mice. When the tumor was ~1000mm3, 
spleens were harvested and cDCs were isolated using positive selection. Purified DCs 
were stimulated for 1hr with 25µg/mL Imprime or 6µg/mL CpG 1826. We then isolated total 
RNA (Qiagen), generated cDNA, and performed transcriptional analysis using a custom 
Taqman array (Life Technologies). (B) PBS or Imprime (1.2mg) was injected IV into C57BL/
6 mice. Peripheral LNs were harvested 16hrs later and placed into RNALater 
(ThermoFisher). Taqman primers were used to examine expression of the IFN-stimulated 
genes MX1, Ifit1, and ISG15. 
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16hr in vivo  stimulation B Figure 8. Colorectal cancer 
p a t i e n t s t r e a t e d w i t h 
I m p r i m e t r e n d t o w a r d 
increased CD86 expression 
on monocytes and CD1c+ 
DCs. Subjects were given 4mg/kg 
Imprime IV weekly and a cycle 
constituted 6 weeks of treatment. 
The change in CD86 expression 
levels from baseline pre-treatment 
(cycle 1) to cycle 3 on peripheral 
blood CD1c+ DCs and CD14+ 
monocytes was determined by flow 
cytometry. All samples were stained 
and run at the same time. Each 
symbol represents a patient.  
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Figure 5. Imprime increases DC expression of co-
stimulatory molecules in vivo. C57BL/6 mice were 
administered 1.2mg DTAF-Imprime and splenic DC populations were 
analyzed for expression levels of co-stimulatory and activation markers. 
Representative flow plots are shown in (A) at either 24 or 48hrs post 
Imprime injection. (B) Time course showing fold MFI (median) change 
over vehicle. MFIÕs in Imprime-treated mice were calculated on DTAF-
Imprime+ DCs.  
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