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ABSTRACT
Survival of pancreatic cancer (PC) patient is poor due to lack of effective 

treatment modalities, which is partly due to the presence of dense desmoplasia 
that impedes the delivery of chemotherapeutics. Therefore, PC stroma-targeting 
therapies are expected to improve the efficacy of chemotherapeutics. However, 
in vitro evaluation of stromal-targeted therapies requires a culture system which 
includes components of both tumor stroma and parenchyma. We aim to generate a 
cell line-derived 3D organoids to test the efficacy of stromal-targeted, LIFR-inhibitor 
EC359. Murine PC (FC1245) and stellate (ImPaSC) cells were cultured to generate 
organoids that recapitulated the histological organization of PC with the formation 
of ducts by epithelial cells surrounded by activated fibroblasts, as indicated by CK19 
and α-SMA staining, respectively. Analysis by qRT-PCR demonstrated a significant 
downregulation of markers of activated stroma, POSTN, FN1, MMP9, and SPARC 
(p<0.0001), when treated with gemcitabine in combination with EC359. Concurrently, 
collagen proteins including COL1A1, COL1A2, COL3A1, and COL5A1 were significantly 
downregulated (p<0.0001) after treatment with gemcitabine in combination with 
EC359. Overall, our study demonstrates the utility of cell lines-derived 3D organoids 
to evaluate the efficacy of stroma-targeted therapies as well as the potential of EC359 
to target activated stroma in PC. 

INTRODUCTION

Pancreatic cancer (PC) is the third leading cause 
of cancer-related mortality and is responsible for over 
fifty thousand deaths per year in the United States [1]. 
Shortly after 2020, PC will surpass both breast and colon 
cancer to become the second most common cause of 
cancer-related mortality, second only to lung cancer [2]. 
This high mortality is partly due to increased incidence 
and insignificant change in survival rates over the last 

few decades. Due to the lack of effective diagnostic 
markers, the majority of PC patients are presented with 
metastatic disease and only 20% of patients are candidates 
for surgical resection. The rest of the patients are offered 
definitive chemotherapy [3, 4]. However, the majority 
of chemotherapeutic regimens have demonstrated little 
efficacy in the treatment of PC. This poor performance 
of the therapeutic regimen is, in part, due to the dense 
desmoplastic stroma, which interferes with the delivery of 
chemotherapeutic agents and promotes cancer cell growth, 
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stemness and immune suppression [5-9].
The desmoplastic response in PC is so intense 

that stroma often accounts for the majority of the 
tumor weight [10]. Studies have demonstrated that 
orthotopically implanted PC cells produce larger tumors 
when co-implanted with pancreatic stellate cells (PSCs) 
[11]. In light of this, more recent work has focused on 
characterizing and modulating pancreatic stroma to 
improve the delivery and efficacy of chemotherapeutic 
regimen. However, the in vitro systems routinely used 
to evaluate the efficacy of drug candidates lacks the 
stromal component, making it difficult to select stroma-
targeting candidates for pre-clinical or clinical evaluation. 
The cellular complexity seen within pancreatic tumors 
is difficult to replicate, however, few studies have 
utilized PSCs or fibroblasts, the cells responsible for the 
desmoplastic response, to investigate the contribution of 
stroma in overall PC pathology [12-14]. Regrettably, no 
study so far has used complex in vitro stroma containing 
systems to evaluate the efficacy of stroma-targeted 
therapies.

Another layer of complexity is the three-dimensional 
(3D) organization seen in the tumors, which has been 
shown to significantly contribute to tumor biology. The 3D 
in vitro models such as tumor-derived organoids have been 
developed for several cancers, including PC that recreates 
some of the histological features of PC [15]; however, 
these organoids lack PSCs. Moreover, the development 
of an organoid system is time consuming, expensive, 
and requires tumor tissue derived from human or murine 
models, which are significant limitations for use of these 
models in large scale screening applications. Likewise, 
development and utilization of genetically engineered 
murine models are expensive, and require a long latency 
period from generation to the analysis of therapy response.

In response to this urgent need for a more effective 
model to recapitulate PC stroma, we set out to develop 
a novel cell line-derived 3D organoid model that would 
allow the evaluation of potential stromal-targeting 
therapeutics while alleviating some of the problems 
inherent to current models. Here, we describe our model 
and report the results of a first-in-class drug, EC359 that 
downregulates the expression of markers of activated 
stroma in PC. EC359 has been shown to competitively 
inhibit LIF receptor complex (LIFR) by occupying LIF-
binding site (PCT: 10,053,485). LIF is a pleiotropic 
member of the IL-6 family of cytokines secreted as a 
soluble factor in the tumor microenvironment (TME) 
[16]. LIF signaling is mediated by the LIF receptor (LIFR) 
complex, constituted by LIFR and glycoprotein 130 
(gp130) [16]. Recent investigations have implicated the 
role of JAK-STAT signaling and LIF-mediated activation 
of cancer-associated fibroblast (CAFs) in the deposition 
of desmoplasia and its associated mechanisms in multiple 
cancers, including PC [17-19]. LIF functions as a growth 
factor in pancreatic carcinoma cells and the crosstalk 

between tumor cells and fibroblasts confer pro-invasive 
properties, in part, mediated by LIF signaling [20]. 

RESULTS

Development of 3D organoid with stromal 
compartment

Pancreatic cancer (FC1245, GFP expressing) and 
stellate (ImPaSC) cells were co-cultured together and 
subsequently seeded in matrigel (Figure 1A). The 1:1 
ratio of Matrigel and media adequately maintained the 
3D structures allowing for in vitro culture over the course 
of one week. Compared to tumor-derived organoids that 
require several growth factor supplements, we were able 
to grow cell line-derived organoids using DMEM media 
supplemented with 10% FBS. A total of 30 μl volume was 
adequate to plate and grow individual organoids. We noted 
that larger organoid volumes predisposed the organoids 
to shear-mediated disruption. First, the PC and stellate 
cells (ratio of 1:2) were seeded together in 6 well plate. 
After 24h, cells were scraped and mixed with matrigel: 
DMEM media, and seeded as organoids. We then followed 
the growth and organization of PC and stellate cells. On 
the post inoculation day (PID) 1, there was little to no 
organization and both cell types were indistinguishable 
and scattered in the matrigel (Figure 1B). By PID 3, 
there was a significant reorganization of the cells into 
distinct ductal and fibrotic structures as evident by phase 
contrast and immunofluorescence imaging of the GFP-
expressing cancer cells (Figure 1C, 1D). On bright field 
microscopy, stellate cells demonstrated visible branching 
and interconnection with other cells, and by PID 5, we 
were able to demonstrate highly organized clusters of 
ductal and fibrotic structures within the matrigel scaffold 
(Figure 1E, Supplementary Figure 1). 

Growth kinetics of the cells in organoid

We next investigated the growth kinetics of the cells 
in the organoid using MTT assay. We standardized the 
initial seeding density of our cells to determine the linear 
growth rate of the organoids at varying plating densities 
over the course of seven days. The PC and stellate cells 
seeded in a 1:2 ratio, and plated at 3,000 total cells per 
microliter demonstrated continuous growth over the seven 
day period compared to cells plated at higher densities 
with growth rates that plateaued before one week and did 
not demonstrate any subsequent growth (Figure 1F). This 
initial seeding density of 3,000 total cells per microliter 
was chosen for all subsequent experiments.
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Characterization of the organoid

After seven days of growth, we performed histologic 
analyses of cell line-derived organoids. Organoids were 
collected, fixed, embedded in paraffin blocks, and cut into 
5 µm thick sections. Hematoxylin & eosin staining of the 
organoids consistently demonstrated the histology with the 
ductal and the fibrotic morphology (Figure 2A and 2B, 
Supplementary Figure 2A, 2B). Further, analysis with the 
ductal and activated fibroblast specific markers, CK19, and 
alpha-SMA, respectively, showed that the ductal structures 
demonstrated strong expression of the epithelial markers 
(Figure 2C). Moreover, we observed the varying levels of 
complexity in the ductal structures, possibly indicating the 
dynamic nature and evolution of the ductal structure in the 
presence of fibroblast compartment. Conversely, stellate 
cells adopted a spindle-like morphology in between the 
ductal cell structures (Supplementary Figure 2A, 2B), as 
seen in patient biopsy specimens, and these cells stained 
positive for alpha-SMA, indicating the activation of the 
PSCs (Figure 2D). 

Effect of gemcitabine and EC359 treatment on 
growth of organoids

We treated 3D cell line-derived organoids with the 
EC359, a specific inhibitor of LIFR, and gemcitabine 
followed by MTT assay (Figure 3A, Supplementary 
Figure 3). The effect of EC359 was also evaluated in cells 
grown in 2D co-cultures (Figure 3B). The 3D organoids 
were grown in 96-well V-bottom plates for seven days 
and treated with increasing concentrations of either 
gemcitabine or EC359 varying from 1 pM to 1 mM at 
PIDs 4, 5, and 6 (Figure 3A, and Supplementary Figure 
3). Organoids were harvested for analyses on PID 7. The 
organoids were relatively more resistant to EC359 therapy 
compared to gemcitabine at equivalent concentrations 
(Supplementary Figure 3). The inhibitory concentration 
(IC50) for EC359 was approximately 10µM. For 2D 
analysis, cells were grown in 96-well plate and treated 
with EC359 for 72h. The cells grown under 2D conditions 
showed a greater response to EC359 compared to 3D 
culture with an IC50 of 0.7µM (Figure 3B). 

Figure 1: Pictorial representation of cell lines-derived 3D organoid. A. Scheme of generation of cell lines-derived 3D organoids. 
Pancreatic cancer and stellate cells (FC1245 and ImPaSC at 1:2 ratio) are grown in monolayer culture for 24 hours at which point we 
scrape them, centrifuge them, and resuspended them in 1:1 mixture of matrigel: DMEM media supplemented with 10% FBS 1% Pen/Strep 
and aliquot in 30 µL increments. Cells are treated on PID 4, 5, and 6, and harvested on PID 7 for analyses. B.-D. (B) Microscopic view 
of organoids on PID 1 with little to no organization present. (C) Microscopic view on PID 3 with significant reorganization present. (D) 
Immunofluorescence demonstrating congregation of ductal cells. E. Microscopic view of organoids on PID 5 demonstrating the formation 
of organized structures within the organoids (Supplementary Figure 1, lower magnification, 200x). F. MTT assay demonstrating differential 
growth for varying cell densities. #p < 0.05 for 3,000 versus 12,000, %p < 0.05 for 3,000 versus 6,000, *p < 0.05 for 3,000 versus 1,500.
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Effect on markers of activated stroma

Next, we evaluated the ability of EC359 to 
modulate the activation status of pancreatic stellate 
cells in the organoids. Based on the previous studies 
on PC subtyping [10], we selected Periostin (POSTN), 
Fibronectin 1 (FN1), Secreted protein acidic and cysteine 
rich (SPARC), Matrix metalloproteinase 9 (MMP9) and 
Thrombospondin 2 (THBS2) as the markers of activated 
stroma as they are exclusively expressed by PC stroma 
with no contribution from the epithelial compartment, and 
also correlate with the poor prognosis in PC (Figure 4). 
Treatment with gemcitabine alone in 3D culture reduced 
the expression of POSTN, FN1, SPARC, and MMP9 by 
38% (p < 0.01), 40% (p < 0.01), 37% (p < 0.01), and 31% 
(p < 0.01) at the transcript level, respectively (Figure 4, 
and Supplementary Figure 4A). Similarly, treatment with 
EC359 alone under 3D conditions also led to respective 
decreases of 61% (p < 0.001), 77% (p < 0.001), 53% (p 
< 0.0001), and 66% (p < 0.0001) at the transcript level, 

respectively (Figure 4). Combination treatment with both 
gemcitabine and EC359 led to the relative reduction in 
expression of POSTN, FN1, SPARC, and MMP9 were 
68% (p < 0.0001), 82% (p < 0.0001), 61% (p < 0.001) 
and 68% (p < 0.0001), respectively, for cells grown as 
3D organoid compared to untreated control. There was 
significant reduction in the expression of THBS2 (50%, p 
< 0.001) only in the presence of EC359. Treatment at the 
similar concentrations with gemcitabine and EC359 and 
their combination under 2D conditions showed a similar 
decrease in the expression of activation markers, however, 
there was significant toxicity that may have contributed 
to the higher decrease in expression of the markers of 
activated stroma (Supplementary Figure 5A, 5B). 

Effect on the expression of collagen protein

Similar to activation markers, expression of 
various collagens is a hallmark of activated stroma, and 
also a major constituent of desmoplasia [10]. For all 

Figure 2: Organization of cells into ductal and stromal compartments in 3D organoids. A. Hematoxylin and Eosin tissue 
staining depicting formation of pancreatic ducts adjacent to one another (Supplementary Figure 2A, lower magnification, 200x). B. 
Hematoxylin and Eosin tissue staining demonstrating a well-formed pancreatic duct surrounded by pancreatic stellate cells (Supplementary 
Figure 2B, lower magnification, 200x). C. Immunohistochemistry demonstrating pancreatic ductal cells stained using anti-CK19 antibody 
(1:40, TROMA-III, University of Iowa, IA). D. Immunohistochemistry demonstrating activated pancreatic stellate cells stained with anti-
alpha-SMA antibody (1:500, ab7817, Abcam, Cambridge, MA).



Genes & Cancer5www.Genes&Cancer.com

collagen markers, except collagen 10A1 (COL10A1) 
(Supplementary Figure 4B) and all treatment regimens 
including gemcitabine alone, EC359 alone, or both in 
combination, the relative reduction in collagen expression 
was more pronounced in 2D culture compared to 3D 
organoids (all p < 0.05). Treatment with gemcitabine 
alone in 3D culture reduced the expression of collagen 
1A1 (COL1A1), COL1A2, COL3A1, COL5A1, and 
COL5A2 by 52%, 65%, 56%, 40%, (all, p < 0.0001) 
and 38% (p < 0.001) at the transcript levels, respectively 
(Figure 5). Treatment with EC359 alone led to respective 
decreases in expression of 64% (p < 0.0001), 62% (p < 
0.001), 66% (p < 0.0001), 45% (p < 0.0001), and 57% (p 
< 0.0001), respectively (Figure 5). Following combination 
treatment with both gemcitabine and EC359, there was 
a more pronounced reduction in the expression of the 
aforementioned markers by 86% (p < 0.0001), 88% (p < 
0.0001), 71% (p < 0.0001), 50% (p < 0.001), and 58% 
(p < 0.001), respectively, compared to untreated control 
(Figure 5). Similar to activation markers, equivalent 
concentrations of gemcitabine and EC359 under 2D 
conditions showed a similar decrease in the expression 
of collagen proteins and higher toxicity (Supplementary 
Figure 5A, 5B).

DISCUSSION

The stroma in PC plays an important role in its 
pathogenesis. Existing data support the notion that 
targeting PC stroma will improve the delivery, and 
hopefully, the efficacy of the treatment regimens [21]. As 
a result, there is a significant need to create a useful in 
vitro 3D model to investigate the efficacy of therapeutics 
targeting PC stroma. Our novel cell line-derived organoid 
demonstrated that we are able to generate histological 
features of PC, including pancreatic ducts and associated 

stroma, using both PC and stellate cell lines. Additionally, 
we have characterized this model, optimized the methods 
such that it can be scaled up to screen multiple drug 
candidates targeting stromal compartment, and evaluated 
the expression of markers of activated stroma. A recent 
study attempted to subtype the PC on the basis of normal, 
tumor and stroma specific gene signatures. The tumor and 
stroma based subtyping classify PC into four subtypes, 
Basal-like with normal and activated stroma and classical-
type with normal and activated stroma. The PC patients 
with the activated stroma showed poor survival with the 
unique expression profile characterized by the expression 
of SPARC, POSTN, FN1, MMP9, COL5A1, COL1A1, 
and COL1A2 genes [10]. The activated stroma is primarily 
derived from pancreatic stellate cells, which constitutes 
4% of the total cellular component in the normal pancreas 
and proliferate extensively during PC progression. Various 
growth factors and cytokines activate PSCs, which in turn 
increase cancer cell proliferation, inhibit apoptosis, and 
promote epithelial to mesenchymal transition [16]. After 
activation, PSCs secrete extracellular matrix (ECM) 
proteins including collagen, fibronectin, hyaluronan, 
fibulin-2, and laminin. The cross-linked collagen fibers 
increase the stiffness and rigidity of tumor that directly 
participates in the integrin signaling and activation of 
other oncogenic molecules, including YAP1 [22, 23]. The 
stromal hyaluronic acid contributes significantly to the 
higher interstitial fluid pressure and poor tumor perfusion 
[21]. Therefore, we used this gene signature derived from 
the activated stroma to evaluate the ability of EC359 to 
target PC-associated fibroblasts. 

Previous studies have demonstrated that EC359 
has the potential to target fibroblasts in other tissues but 
the efficacy of this drug has never been investigated in 
PC (PCT: 10,053,485). Our study has demonstrated 
that EC359 can effectively and selectively decrease the 
expression of markers of activated stroma in PC. Further, 

Figure 3: Comparative analysis of cellular response to EC359 treatment in 3D organoids and 2D co-culture. A. The 3D 
in vitro MTT assay of organoids grown over the course of seven days and treated with varying concentrations of EC359 on PIDs 4, 5, and 
6. MTT assay was performed on PID 7 demonstrating the IC 50 of 10uM for EC359 under in vitro conditions. B. The cells grown under 
2D conditions were treated with EC359 for 72h and analyzed using MTT assay. *p < 0.05.
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we believe that the greater decrease in the expression of 
indicated genes in our study by the combined treatment 
with gemcitabine and EC359 is in part, contributed by 
the cytotoxic effects of gemcitabine. Therefore, it is 
reasonable to believe that EC359 could potentiate the 
effects of standard-of-care in PC. EC359 is believed to 
function by inhibiting LIFR and competes with LIF for 
binding to the ligand-binding site (PCT 10,053,485). 

However, the mechanism of action of EC359 warrants 
further investigation, especially for its use in PC. LIF is 
a pleiotropic member of the IL-6 family of cytokines and 
LIF binding to LIFR complex activates the JAK/STAT 
pathway. LIF and LIFR are widely expressed in many 
solid tumors and their overexpression is often associated 
with poor prognosis of patients [24]. LIF stimulates both 
growth and stemness in PC cells thereby potentially 

Table 1: Primers pairs for the genes associated with activated stroma
Genes Forward primer (5’>3’) Reverse primer (5’>3’)

SPARC GGATGTGGGCTTTTTCCCCT TTGCCATGTGGGTTCTGACT
COL1A2 ACACCCTGACACCTGTTGTG GTGGTGCGAATGTTCATGGG
COL3A1 TGTGGACATTGGCCCTGTTT TGGTCACTTGCACTGGTTGA
POSTN AGGTGGCGATGGTCACTTAT TGGCCTCTGGGTTTTCACTG
COL5A2 TTGCCATCCCACAAAGCAGA CCCACCAGGTTTTACGTGGA
COL1A1 TCTCCCCCAAGACACAGGAA GGTAGGGAAGTAGACGGGGT
THBS2 TGAACTCGGCTGCAGTAAGG TGGCCAAGTAAGAACTGCGT
FN1 ACGGTTTCCCATTACGCCAT AAGCACTGGCATGTGAGCTT
COL10A1 AGGGAGTGCAATCATGGAGC AGGACGAGTGGACGTACTCA
COL5A1 ATTCCAGGCCAAACGGTACAT GGGGAGAAGTTAAAATCTGAGGC
MMP9 CATTCGCGTGGATAAGGAGT TCACACGCCAGAAGAATTTG

Figure 4: EC359 treatment significantly reduced the expression of activated stromal markers. The qRT-PCR analyses of 
markers of activated stroma performed on 3D co-culture organoids. The treatment with EC359 (1µM), gemcitabine (1µM) alone and in 
combination (1µM each) resulted in higher downregulation of markers of activated stroma including FN1, POSTN, SPARC, and MMP9. 
*p < 0.01, **p < 0.001, ***p < 0.0001. Cont.: Control, Gem: Gemcitabine, G+E: Gemcitabine + EC359. 
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contributing to local growth, therapy resistance and distant 
metastasis [16, 25, 26]. The crosstalk between tumor 
cells and fibroblasts confers pro-invasive properties and 
LIF is shown to mediate the pro-invasive activation of 
fibroblasts. 

Gemcitabine was approved for use in PC as the 
first-line therapy in 1997. Still, no drug is currently 
recommended to specifically target the pancreatic stroma. 
The combination regimens have shown better therapeutic 
outcome compared to a single agent, therefore, it is 
rational to believe that combinations that include a stromal 
targeting agent may significantly improve the efficacy 
of standard of care in PC [4, 27, 28]. Recent studies 
have renewed interest in the stroma-targeted therapies 
including enhanced drug delivery and inhibition of PSC-
mediated chemoresistance. Nab-Paclitaxel in combination 
with gemcitabine showed a significant survival benefit 
in Phase III clinical trial (MPACT) by targeting 
desmoplastic reaction, and intratumoral accumulation 
of chemotherapeutics [29]. Additionally, it has been 
demonstrated that angiotensin II receptor blockers, 
Losartan modulate the activity of activated PSCs, inhibit 

their migration, and induce apoptosis thereby producing 
anti-fibrotic effects in PC [30]. PEGPH20, a pegylated 
hyaluronidase, was shown to have the therapeutic 
advantage in mouse models of PC through the modulation 
of the ECM resulting in increased tumor perfusion [21]. 
The JAK2 inhibitor, momelotinib is under investigation 
as an adjunct therapy to nab-paclitaxel and gemcitabine 
combination in Phase III, randomize, double blinded 
clinical trial (clinical trial identifier: NCT 02101021). 
Another JAK2 inhibitor, ruxolitinib, however, failed 
to demonstrate the therapeutic advantage in phase III 
clinical trial [31]. Neither trial of JAK2 inhibitor, however, 
attempted the concurrent targeting of the pancreatic tumor 
stroma and cancer cells. On these lines, the findings from 
our study are significant as treatment with EC359 in 
combination with gemcitabine may simultaneously target 
PC stroma as well as the cancer stem cells. 

While our results are promising, it is important to 
address the limitations of our model. The cell line-derived 
organoid in our study has demonstrated efficacy against 
markers of activated stroma; however, it does not fully 
represent the entire cellular complexity of the tumor 

Figure 5: Collagen expression was significantly reduced after treatment with EC359. The qRT-PCR analyses of expression 
of various collagen performed on 3D co-culture organoids. The reduction in collagen expression in 3D model was significantly different 
across different treatments. Collagen expression including 1A1, 1A2, 3A1, 5A1, and 5A2 was significantly downregulated by EC359, and 
this effect was synergistic with gemcitabine. *p < 0.01, **p < 0.001, ***p < 0.0001. Cont.: Control, Gem: Gemcitabine, G+E: Gemcitabine 
+ EC359.
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microenvironment seen in PC. Another limitation of our 
model is the ability to directly measure collagen protein. 
Matrigel is largely composed of collagen, and as such, 
our ability to measure PSC-derived collagen proteins is 
limited. However, it should be noted that matrigel contains 
little to no RNA, and as such, our qRT-PCR assays are of 
more utility. 

MATERIALS AND METHODS

Cell culture and generation of 3D organoids

The murine PC and stellate cell lines, FC1245, 
and ImPaSC were generously provided by Dr. David 
Tuveson and Dr. Raul A. Urrutia, respectively. Both cell 
lines were cultured in 10% Dulbecco’s Modified Eagle 
Media (DMEM) containing 4 mM L-Glutamine. Media 
was supplemented with 10% fetal bovine serum (FBS) and 
1% penicillin/streptomycin. Cell lines were cultured in a 
humidified atmosphere containing 5% CO2 at 370C. Prior 
to plating organoids, FC1245 and ImPaSC (1:2 ratio) cells 
were seeded in a 6-well plate at a density of 1x106 cells per 
well and grown in monolayer culture. After 24 hours of 
growth, cells were scraped, spun down, and resuspended 
in 1:1 Matrigel: culture media solution such that cells were 
at a density of 3,000 cells/µL, assuming that both cells 
types doubled once in the 24 hour period. 

Cell viability

Cell viability in untreated cells was determined 
using the MTT assay. Cells at varying densities of 1,500, 
3,000, 6,000, and 12,000 total cells/µL, 5 µL of 1:1 
Matrigel: culture media containing cells were aliquot to 
wells in a clear 96 well V-bottom plate. Cells were grown 
at 370C for seven days. On the seventh day of incubation, 
media was removed, and cells were incubated in 100 
µL of MTT (10% MTT [5 mg/mL stock], 0.5% FBS, 
89.5% serum free media) for 4 hours at 370C. Formazan 
crystals were dissolved with 200 µL of dimethyl sulfoxide 
(DMSO), and the plate was agitated on a plate rocker for 
30 minutes to allow for adequate dissolution of crystals in 
the 3D pellet. Then 100 µL was transferred to a clear 96-
well flat bottom plate and absorbance was read at 595 nM 
on a 96 well plate-reader.

Immunohistochemistry (IHC)

Immunohistochemistry was performed on 5 µm-
thick, 4% paraformaldehyde-fixed paraffin-embedded 
sections [32]. The organoid sections were baked at 
580C for 8 hours and deparaffinized with xylene, and 
rehydrated in graded ethanol. Endogenous peroxidase 

activity was blocked with 3% H2O2, and antigens were 
retrieved by heating slides in citrate buffer at pH 6.0 
for 15 minutes. Slides were washed, and blocked with 
horse serum for 1 hour at room temperature. Slides were 
incubated with mouse anti-alpha-SMA (1:500, ab7817, 
Abcam, Cambridge, MA) or anti-CK19 (1:40, TROMA-
III, University of Iowa, IA) antibodies overnight at 40C. 
The next day, slides were washed with PBS and incubated 
with HRP conjugated-Anti-mouse/rabbit antibody 
(Vector Laboratories, Burlingame, CA) in PBS for 1 
hour at RT. Antibody binding was visualized using 3, 
3’-diaminobenzidine (Vector Laboratories, Burlingame, 
CA) for 5 min at RT. Slides were counter stained with 
hematoxylin, washed, and dehydrated prior to mounting. 

Half-maximal inhibitory concentration (IC 50)

The half maximal inhibitory concentration (IC 50) 
was determined by seeding 15,000 total cells (1:2 ratio 
of FC-1245 to ImPaSC) in 5 µL of 1:1 Matrigel: culture 
media in replicates of eight in a 96 well plate. Media was 
changed twice daily for seven days. Cells were treated 
with either gemcitabine or EC359 at concentrations that 
varied by a factor of ten (1 pM to 1 mM). On the seventh 
day of incubation, media was removed, and cells were 
incubated in 100 µL of MTT (5 mg/mL, 10% MTT, 0.5% 
FBS) for 4h at 370C. Formazan crystals were dissolved 
with 200 µL of DMSO, and the plate was agitated for 
30 minutes to allow for adequate dissolution of crystals. 
Then 100 µL solution was transferred to a clear 96-well 
flat bottom plate and absorbance was read at 595 nM on a 
96 well plate ELISA reader.

Quantitative real-time PCR analysis (qRT-PCR)

Total RNA was isolated using a Qiagen kit 
(Qiagen, Germantown, MD) and used as a template for 
complementary DNA (cDNA) synthesized using 1 µg 
of RNA [32]. The expressions of various genes were 
profiled using gene specific primers (Table 1) as described 
previously. 

Statistical analysis

Student t-tests and ANOVA were performed to 
calculate the statistical significance and p < 0.05 was 
considered significant.

Abbreviations

PDAC: pancreatic ductal adenocarcinoma, 3D: 
three-dimensional, RT: room temp, min: minute, PBS: 
phosphate-buffered saline pH 7.4, TBS: Tris-buffered 
saline pH 7.6, TBST: 0.1% Tween 20 tris-buffered 
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saline solution pH 7.6, IC 50: half maximal inhibitory 
concentration, 
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