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(B) The Cypre 3D tumor platform models key signatures of the tumor microenvironment. In this assay, PDX cell lines of solid tumor
origins are patterned into layers of Cypre’s VersaGel®, a biocompatible extracellular matrix hydrogel, using our proprietary hydrogel
patterning technology for standard 96-well plates. Fibroblasts are optionally co-cultured with the tumor cells to mimic the stromal
region of the tumor microenvironment. The 3D tumor assays are then treated with peripheral blood mononuclear cells (PBMCs) for
immuno-oncology (IO) assays. Immunotherapy efficacy is analyzed via high-content confocal imaging analysis for tumor growth,
immune cell infiltration and T cell-mediated tumor killing. The mechanism of action can be further interrogated via flow cytometry
analysis or cytokine analysis.

(A) Classification of H&E histology staining 
between PDX tumors that respond to 
checkpoint inhibitors (responder) vs. those that 
did not respond to CPI (non-responder). The 
non-responder tumors have increased stroma. 

Fig 2. Pharmacological characterization of multiple tumor types in the Cypre 3D tumor model platform

* IO Standard of Care screened 
additionally.  

Allogenic PBMCs and human 
dermal fibroblasts (HDFs) are 
used in the screening assay.

Visit:
https://compendium.criver.com/ 
to learn more about the PDX 
line information.

Fig 3. Fibroblasts modulate PDX lines responding to immune checkpoint inhibitors in 
Cypre 3D tumor model by secreting cytokines. 

Fig 4. Monitoring T cell responses to immune checkpoint inhibitors in Cypre 3D in vitro tumor 
model platform.
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(A) Addition of fibroblasts modulated the T-cell killing in
immunotherapy and predicts the in vivo response. Representative
2x images and analysis includes non-responder LXFL1674 (left)
and responder LXFA1647 (right) cell lines with or without
fibroblasts in Atezolizumab IO assays, with tumorsphere size as
the readout to generated IC50 value curve. Fibroblasts blocked
the drug response in non-responder LXFL1674 while enable the
drug response in responder LXFA1647. scale bar = 1mm

Fig 1. A high-throughput 3D in vitro tumor platform for studying cancer stromal cells
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Cancer immunotherapy represents a burgeoning new direction for oncology therapeutic innovation, with the principal
thesis of activating one’s own immune system to irradicate cancer as opposed to the injection of foreign cytotoxic agents
like chemotherapy. The first generation of checkpoint inhibitors unleash cytotoxic T cells to locate and kill their tumor
target, however, only a small subset of patients (e.g., ~30% of NSCLC patients1) respond favorably. In order to advance the
next generation of immunotherapy to the clinic, we critically need models which more accurately represent the
immunosuppressive tumor microenvironment (TME). Here, we describe a novel 3D in vitro tumor model platform which
engineers the tumor, stromal, and immune cell compartments of the TME in an extracellular matrix hydrogel (VersaGel® 2)
and a high throughput 96-well format. The system has been extensively tested across multiple solid tumor indications,
such as colorectal, lung, pancreatic, breast, and others. Specifically for this study, we utilized NSCLC PDX cells from the
Charles River compendium and cocultured with human dermal fibroblasts (HDF) and PBMCs to study the effects of
checkpoint inhibitor monoclonal antibodies, Pembrolizumab (anti-PD1) and Atezolizumab (anti-PDL1), on T cell infiltration
and T cell-mediated killing using high content imaging. Supernatants were analyzed for cytokines and the 3D models were
subsequently digested for flow cytometry. The 3D models demonstrated varying degrees of T cell infiltration and killing
capacity across PDX in a dose-dependent manner to checkpoint inhibitors, and the inclusion of fibroblasts played a critical
role in further modulating response. Moreover, the data revealed clinically relevant levels of CD3+, CD4+, and CD8+ T cell
subpopulations and cytokine secretions such as IFN-gamma. These data suggest a novel 3D model platform for assaying
immunotherapeutic efficacy as well as its mechanism of action in the context of the TME. Future studies will include
applying this novel platform to additional tumor models and screening multiple forms of immunotherapy – such as small
molecules, biologics, and cell and gene therapy – in drug discovery, preclinical testing, and precision medicine.
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Cancer Type Designation Models
Colon CXF (2) 94, 269*, 280, 1103*

Gastric – Asian or Caucasian GXA, GXF A: 3023, 3067*, 3080, F: 251, 1172*, 3011

Head and Neck Cancer HNXF 1859

Liver Cancer – Asian or Caucasian LIXAH, LIXFC AH: 575, FC: 2050

NSCLC - Adenocarcinoma LXFA 289*, 526*, 623, 629, 677, 737, 923*, 983, 1647*, 2184

NSCLC – Large Cell LXFL 430, 529, 1072, 1121*, 1674*

NSCLC - Epidermoid LXFE 66*, 2478

Triple Negative Breast MAXFTN 401*

Melanoma MEXF 274, 462, 520, 622*, 1539, 1737, 1829, 2090, 2106*

Ovarian OVXF 899

Pancreatic PAXF 546*, 1657, 1986, 1997, 1998, 2005*, 2059

Pleural Mesothelioma PXF 698*, 1118, 1752

Osteosarcoma SXFO 678

Soft Tissue Sarcoma SXFS 1301

Uterus UXF 1138

Renal Cell Carcinoma RXF 393, 486*, 1183*, 1220, 1781*, 2282, 2516*

Table 1: Growth optimized PDX 3D Tumor Models from the CRL Compendium

Ø Cypre 3D Immuno-Oncology models reconstruct the TME by combining PDX cells, fibroblasts and 
PBMCs, in an extracellular matrix hydrogel and demonstrate physiologically relevant immune 
infiltration through the stroma.

Ø The 3D models may be rapidly screened in 96-well plates using high content imaging and 
downstream analysis such as flow cytometry and cytokine panels.

Ø It was demonstrated that fibroblasts in the 3D models modulate the PDX response to 
immunotherapy by secreting CAF-signature cytokines. 

Ø Interestingly, a shift towards central memory T cells was observed in co-cultures.
Ø The PDX models may be scaled to meet the needs of early discovery programs as well as MOA 

studies in lead validation and preclinical stages.

3

B

CONCLUSIONS3

A B

(B) HDFs secreted CAF signature cytokines to modulate
the tumor response to Atezolizumab. The supernatant
from LXFL1674 and LXFA1647 co-culture day 4 after
PBMC addition was analyzed for a panel of 45 cytokines
using ProcartaPlex™ system. The heatmap shows the
most differentially-expressed cytokines. Clustering
based on the HDF co-culture status can be observed.
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LXFA923+HDF+PBMC (A) T cell infiltration in 
LXFA923 in vitro 3D culture. 
Pembrolizumab treatment led 
to the decrease in tumorsphere
size and increase in DRAQ7 
per tumorsphere ratio in 
LAXF923+HDF co-culture (left). 
Immunofluorescence staining 
with CD45 and CD3 revealed 
that activated-T cells infiltrate 
into the tumorspheres
regardless of Pembrolizumab 
treatment.
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Annexin V

(B) Pembrolizumab inhibited T cell apoptosis in LXFA923+HDF 3D co-culture and induced IFN-gamma secretion. (left)
Representative dot plots show the gating of CD45+ population and apoptotic cell populations in flow cytometry
experiments. (Right) Percentage of early apoptotic and late apoptotic cells in CD45+ population. The IFN-gamma
level in the supernatant was measured using Sartorius Qbeads.

PBMC alone LAXF923+PBMC LAXF923+HDF+PBMC
(C) T cells acquired a central  
memory T cell phenotype 
when co-cultured with 
LAXF923 cells and HDFs in 
Cypre in vitro 3D platform. 
Representative dot plot 
graphs show CD45R+ 
CD45RO+CD95+ T cells in 
PBMC alone, co-culturing 
with LXFA923 or with 
LXFA923+HDF cells.
Tcm: T central memory
Ttm: T transitional memory
Tem: T effector memory
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