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According to the CDC, 42% of adults in the United 
States are considered obese. Obesity is a growing public 
health concern, especially in Western and Western-in-
� uenced countries. Obesity-linked insulin resistance 
remains a risk factor for certain types of cancer includ-
ing colorectal cancer (CRC). � e precise molecular 
mechanisms involved in obesity-induced tumor growth 
remain unclear partly due to a lack of relevant experi-
mental models. � e purpose of this research was to de-
velop an in vitro model for examining the link between 
obesity and CRC.

In this study, we have developed an in vitro three-di-
mensional (3D) engineered CRC (3D-eCRC) tissue 
model using HT-29 colon cancer cells co-cultured with 
insulin sensitive (IS) and insulin resistant (IR) adipo-
cytes to recapitulate the native non-obese versus obese 
microenvironment. Mature adipocytes were obtained 
by di� erentiating 3T3-L1 � broblasts over a period of 10 
days. � e mature adipocytes were either le�  untreated 
or treated with hypoxia (HYP) or/and TNF-α (TNF) for 
24 hours to generate IS and IR models. � ese adipo-
cytes were then co-cultured with engineered tissues to 
investigate the impact of non-obese and obese micro-
environments on cancer cells. Phase contrast images of 
the tissues were taken on days 8 and 15 to monitor and 
quantify tissue growth. Images were analyzed using Im-
ageJ [1] so� ware to measure tissue area and protrusive-
ness. To investigate the increase in CRC cell number, 
3D-eCRC tissues were dissociated, and the viable cells 
in each tissue were counted using a hemocytometer and 
trypan blue staining.

Results for this model demonstrated its ability to mim-
ic non-obese and obese CRC microenvironments. Oil 
Red O staining showed that the adipocytes lost lipid 
content over 3 days when treated with HYP and TNF 
as compared to the control group, whereas untreated 
adipocytes did not. � is loss of lipid content is indic-

ative of an IR cell phenotype (Figure 1). Expression of 
the insulin sensitive gene markers, adipoq and Slc2a4, 
was signi� cantly downregulated in adipocytes treated 
with HYP and TNF as compared to untreated adipo-
cytes, which is indicative of IR conditions. Interesting-
ly, the 3D-eCRC tissues cocultured with IR adipocytes 
demonstrated signi� cantly higher tissue area, tissue 
protrusiveness, and viable cell numbers on Day 15 
as compared to those cocultured with IS adipocytes, 
thereby mimicking the obese and non-obese CRC mi-
croenvironments (Figure 2).

In conclusion, we have developed an in vitro 3D-eCRC 
tissue model cocultured with IS or IR adipocytes and 
demonstrated the ability of our model to mimic non-
obese and obese CRC microenvironments. We plan to 
use our in vitro model in the future to answer mecha-
nistic questions on the link between obesity and CRC.
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Figure  1: Insulin  resistance  induces  a  loss  of  lipid  content  in  di� erentiated 3T3-L1 adipocytes.  
Undi� erentiated 3T3-L1 � broblasts (upper le�  panel) di� erentiate into mature adipocytes over a peri-
od  of  10  days (upper  right  panel). � e  mature adipocytes  were  treated without  (lower  le�  panel)  
or with TNFα and hypoxia (lower right panel) and then stained with a red lipid dye and imaged (scale 
bar = 100μm) three  days  post-treatment. Lipid  content was  found  to  be lower in insulin resistant 
(treated) adipocytes than insulin sensitive (untreated) adipocytes, which indicates that the treatment 
induced insulin resistance.

Figure 2: Insulin resistant adipocyte co-culture with 3D engineered colon cancer (HT-29) tissues stim-
ulates colon cancer tissue growth.  A� er 15 days of co-culture tissue area (le�  panel), tissue protrusive-
ness (middle panel), and viable cell numbers (right panel) were signi� cantly higher for insulin resistant 
(IR) HT-29 as compared to insulin sensitive (IS) HT-29 tissues and HT-29 tissues cultured in the ab-
sence of adipocytes (Mono). *Indicates signi� cant di� erences in theHT-29 IS group (p < 0.05).


