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Oxidative stress induced autophagy in cancer associated fibroblast enhances
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ABSTRACT
Tumors are comprised of malignant cancer cells and stromal cells which constitute the tumor
microenvironment (TME). Previous studies have shown that cancer associated fibroblast (CAF) in TME is an
important promoter of tumor initiation and progression. However, the underlying molecular mechanisms
by which CAFs influence the growth of colorectal cancer cells (CRCs) have not been clearly elucidated. In
this study, by using a non-contact co-culture system between human colorectal fibroblasts (CCD-18-co)
and CRCs (LoVo, SW480, and SW620), we found that fibroblasts existing in tumor microenvironment
positively influenced the metabolism of colorectal cancer cells, through its autophagy and oxidative stress
pathway which were initially induced by neighboring tumor cells. Therefore, our data provided a novel
possibility to develop fibroblasts as a potential target to treat CRC.
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Introduction

Colorectal cancer (CRC) was one of the most common malig-
nant disease with characteristics of rapid progression, poor
curative effect, and unfavorable prognosis.1,2 According to the
statistic results, cure rate of CRC improved slightly compared
with its increasing morbidity and mortality.3,4 Therefore, it was
necessary to make deep exploration into the high-risk factors
leading to cancer formation and find efficient way to get its
morbidity and mortality under control.

Since the unlimited proliferation of tumor cells needs to
consume too much energy and materials, metabolism of tumor
and its microenvironment cells were confirmed to proceed
through a special way differ from normal cells. It has been
found that tumor cells have increased glycolysis and lactate
production compared to normal cells even in the presence of
enough oxygen. This phenomenon in which aerobic glycolysis
served as a major contributor to total ATP in certain types of
cancer cells has been termed the “Warburg Effect”.5,6 In the
presence of oxygen, most cells primarily metabolize glucose to
pyruvate via glycolysis and then completely oxidize most of
this pyruvate to carbon dioxide through the mitochondrial tri-
carboxylic acid cycle (TCA cycle), where oxygen is the final
acceptor in the electron transport chain that generates an elec-
trochemical gradient to facilitate ATP production.

Recently a number of cancer researchers have attempted to
understand another aberrant tumor metabolism “The Reverse
Warburg Effect,” as the conventional Warburg Effect was
thought to be confined to cancer cells and not to occur in

stromal fibroblasts. Tumorigenesis was closely related with its
microenvironment, which was identified as “cancer cell nests”
constituted by malignant cancer cells, immune cells, stromal
cells and their secreted cytokines.7-9 Cancer associated fibro-
blasts (CAFs) of tumor microenvironment were reported to
promote tumor initiation, progression and metastasis by inter-
fering cellular metabolism.10-12 CAFs could supply energy-rich
metabolites such as lactate through aerobic glycolysis pathway,
which can then be used by adjacent cancer cells for ATP gener-
ation and for biosynthesis. This results in a unilateral, vectorial,
net energy transfer from the catabolic tumor stroma to anabolic
cancer cells. Such changes of CAFs might be caused by auto-
phagy when fostered under oxidative stress or tumor induction,
in favor of the cancer cells.13-16 CAFs are also able to stimulate
cancer cell proliferation and progression through multiple
mechanisms by secretion of variety of cytokines, chemokines
and extracellular matrix components. These, in turn, stimulate
both receptor tyrosine kinase signaling and the synthesis of
proteins involved in the extracellular matrix remodeling.
Orimo et al. found that CAFs could promote breast cancer cell
growth and angiogenesis by secreting stromal cell-derived fac-
tor 1 and recruiting endothelial progenitor cells.17 Furthermore,
as a source of extracellular matrix-degrading proteases, CAFs
promote disaggregation of normal mammary epithelial cells
and trigger epithelial-mesenchyme transition-rendered tumori-
genesis and invasiveness.18 The presence of CAFs in oral squa-
mous cell carcinoma (OSCC) was reported to be associated
with OSCC invasiveness and prognosis.19 Despite the fact that
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a number of studies have confirmed the role of CAFs in sup-
porting tumor growth and progression in various types of car-
cinomas, including oral, breast, prostate and lung, the effect of
CAFs on CRCs tumor progression and on the chemokines or
cytokines signal pathways involving in CAFs-colorectal cancer
cells (CRCs) cross-talk remains largely uncharacterized.20-22

Cancer cells undergo a metabolic reprogramming which
might explain why it could not lead to long-term efficient ther-
apeutic effects when using chemotherapeutic drugs targeting
the “seeds”-cancer cells, or using antiangiogenic drugs such as
vascular endothelial growth factor (VEGF) inhibitor.23,24 How-
ever, little is known about metabolic alterations of stromal cells
within tumors. CAFs are pro-tumorigenic although the mecha-
nisms by which CAFs support tumors have not been
elucidated.

The aim of this study was to investigate the regulatory
mechanism underlying the interaction between CRCs and
CAFs. A non-contact co-culture system between fibroblasts
and CRCs in vitro was established to mimic the tumor micro-
environment, which might influence energy metabolism during
colorectal tumorigenesis. By exploring the underlying mecha-
nisms of CAFs metabolic reprogramming, we could make a
better understanding of tumor growth environment and pro-
vide new evidence for future treatment of colorectal cancer.

Materials and methods

Cell preparations

Human CRC cell lines LoVo (ATCC, CCL-229), SW480
(ATCC, CCL-228), SW620 (ATCC, CCL-227) and Human
colorectal fibroblast CCD-18-co (ATCC,CRL-1459) were
authenticated in April 2014 and cultured in Dulbecoo mini-
mum essential medium (DMEM) high-glucose medium
(HyClone, SH30243.01B) supplemented with 10% fetal bovine
serum (Gibco, Grand Island, New York, USA) and 1% penicil-
lin-streptomycin (Beijing DingGuoChangSheng Biotechnology,
CC-0113).

Co-culture of CRCs and human colorectal fibroblasts

0.4 mm transwell apparatus(Corning, 00915038)were used to
co-culture cancer cells and fibroblasts without direct contact in
serum free medium. Fibroblasts and cancer cells were initially
seeded into upper inserts (2.5 £ 104/insert) and lower 6-well
plate (1.0 £ 105/well) as required respectively, which were fit
together when the cells become adherent overnight. After co-
cultured for 48h, cells in the 6-well plate were harvested for
subsequent cell counting and protein extracting. Cells treated
with DMEM medium only were considered as controls.

Cell viability assay

The cell viability of colorectal cancer cells and fibroblasts was
measured by MTT assay. CRCs (LoVo, SW480, and SW620)
and CCD-18-co cell were cultured respectively and maintained
in 5% CO2 at 37�C until reaching 60–80% confluence, then the
culture medium was discarded and fresh medium was added.
Cells were harvested and all culture medium were collected

24 h later respectively. Colorectal cancer cells were subse-
quently suspended with gradient concentration of CCD-18-co-
medium diluted by fresh DMEM medium (0, 10%, 20%, 40%,
50%, 60%, 80%, 100%). Meanwhile, CCD-18-co cells were sus-
pended with gradient concentration of colorectal cancer cell
culture medium (LoVo, SW480, and SW620) diluted by fresh
DMEM medium (0, 10%, 20%, 40%, 50%, 60%, 80%, 100%).
Cells were seeded into 96-well plate 2000/well for 48 h. Ten ul
of MTT (5 mg/ml in PBS; all Sigma-Aldrich) solution was
added to each well and incubated at 37�C for 4 h. Absorbance
of the solution was measured at 570 nm (indicating cell viabil-
ity) using a 96-well plate reader as previously described.25 The
cell viability was calculated as follows: Cell Survival Rate (CSR)
(%) D Treatment group A570/Control group A570 £ 100%All
assays were done with 6 parallel samples.

Western blot analysis

Total proteins from the cells were extracted with RIPA lysis
buffer. The cells were collected by centrifugation at 500 rpm for
5 min and then homogenized with 0.9 mL of normal saline
using an electric homogenate machine. Protein concentrations
were measured by BCA Assay Kit (Beyotime, P0010) in accor-
dance with the specifications. The proteins were separated by
SDS-PAGE and transferred to a nitrocellulose membrane. After
blocking, the membrane were incubated with specific primary
antibodies against IDH2 (Santa Cruz, SC-134923), PKM2 (Bio-
world Technology, BS6443), GAPDH (Santa Cruz, SC-365062),
GSTP1 (Santa Cruz, SC-376481), SOD2 (Santa Cruz, SC-
130345), BNIP3 (Abcam, ab10433), and LC3 (Novusbio,
NB100-2220), followed by anti-mouse or rabbit horseradish
peroxidase-conjugated IgG (ZSGB-BIO, ZB-2301/ZB-2305)
and developed with the chemiluminescence method (ECL,
Millipore). b-actin (Beijing Biosynthesis Biotechnology, BS-
0061R) served as the loading control.

Assay of enzyme activity

Total proteins were harvested to assay the enzyme activities.
The entire process of grinding was performed on ice to preserve
the enzymatic activity. The activities of PKM2 and IDH2 were
measured with Assay Kits for the detection of PKM2 (Nanjing
Jiancheng Bioengineering Institute, Nanjing, China) and IDH2
(MAK062-1KT, Sigma) according to the manufacturer’s
instructions.

Confocal immunofluorescence microscopy

The confocal measurement was conducted to observe the
expression of the target proteins in cells under different condi-
tions: Colorectal cancer cells and fibroblasts were co-cultivated
in a 24-wells transwell apparatus (Corning, 35314024) with or
without the oxidative stress inhibitor NAC 8 mM (Beyotime,
S0077) and autophagy inhibitor 3-MA 5 mM (sigma, M9281).
After co-cultured for 48 h, slides with adhered cells in the 24-
well plates were collected and fixed in 1:1 methanol and acetone
mixture, blocked with 3% BSA for 20 min at room temperature,
and permeabilized with 10% Triton-X-100. Cells were stained
with primary antibodies against SOD2, LC3, PKM2, IDH2 and
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GAPDH, which were subsequent detected with Alexa Fluor-
conjugated secondary antibodies. Cell nucleus were shown
using DAPI staining (Life Technologies). Stained cells were
viewed using Zeiss LSM 700 fluorescence confocal microscope.
Images were analyzed using the ZEN digital imaging software
(Zeiss, German).

Statistical analysis

The data were presented as the mean § SDM. The samples
were analyzed using a 2-tailed unpaired Student’s t-test, unless
otherwise noted, and statistical analyses were performed with
the Statistical Package for the Social Sciences, version 17.0
(SPSS Inc., Chicago, IL, USA). P < 0.05 was considered statisti-
cally significant.

Results

Cell proliferation was promoted in co-culture system

To explore the influence of stroma microenvironment on colo-
rectal carcinogenesis, a non-contact co-culture system was
adopted to mimic the interactions between CAFs and CRCs.
The results showed that the number of both colorectal cells and
fibroblasts increased (Fig. 1A and C) by cell counting in the
non-contact co-culture system (Fig. 1B and D).

MTT assay revealed that the viability of CRCs increased with
the increased concentration of CCD-18-co culture medium
(Table 1). Table 2 showed that the viability of CCD-18-co cells
could be promoted along with the increased concentration of

CRCs culture medium. Our results suggested that there was a
mutually reinforcing relationship between colorectal cancer cells
and stroma microenvironment fibroblasts.

Metabolic changes in both co-cultured fibroblasts and
colorectal cancer cells

Cell proliferation could be promoted by metabolic changes. In
order to investigate the effect of metabolic changes on cell prolif-
eration, the protein expression of metabolic enzymes were mea-
sured. The results showed that expression of both enzymes
involved in KREBS cycle (IDH2) and glycolytic pathway (PKM2
and GAPDH) were up-regulated in co-cultivated CRCs. How-
ever, the expression of IDH2 was significantly decreased in co-
cultivated fibroblasts with the same increased PKM2 and
GAPDH expression (Fig. 2A and B). The measurement of meta-
bolic enzymes’ activities by using PKM2 and IDH2 activity assay
kits obtained the same results (Fig. 2C and D).

Expression of the oxidative stress key enzymes and
autophagy related proteins in co-cultured CCD-18-co

To explore the underlying mechanism of upregulated glycolysis
but a reversed activity of KREBS cycle in colorectal cancer cells
and fibroblasts, expression of oxidative stress and autophagy
related proteins in fibroblasts co-cultured with colorectal can-
cer cells were investigated by western blot and immunofluores-
cence. As shown in Fig. 3A and B, expression of oxidative
stress related proteins SOD2 and GSTP1 increased in CCD-18-
co cells co-cultured with 3 kinds of colorectal cancer cells.

Figure 1. The growth of cells in co-culture system was measured by cell counting chamber and MTT assay. (A) Observation of colorectal cancer cells LoVo, SW480, SW620
cultured alone (left) or co-cultured with CCD-18-co (right) under an optical microscope (40£). (C) Observation of CCD-18-co cultured alone or co-cultured with cancer cells
under an optical microscope (200£). (B&D) Cells were harvested and counted by cell counting chamber. ��P< 0.01 versus negative.
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Expression of autophagy related proteins LC3, BNIP3, and p62
also increased in CCD-18-co cells co-cultured with these cancer
cells (Fig. 3C and D). And we have shown that fibroblasts co-
cultured with cancer cells could accumulate vesicular structures
that we have identified as autophagosomes by immuno-staining
with the autophagy marker LC3 (Fig. 3D).

Detection of protein expression in the presence of
oxidative stress inhibitors NAC or autophagy inhibitor
3-MA

To determine whether the metabolic changes were associ-
ated with oxidative stress and autophagy occurred in tumor
microenvironment, the oxidative stress inhibitor NAC
(8mM) or autophagy inhibitor 3-MA (5mM) was used to
treat fibroblast CCD-18-co when co-cultured with tumor
cells. Figure 4 and B showed that the expression of SOD2
or LC3 could be inhibited by NAC or 3-MA in colorectal
cancer cells co-culture with CCD-18-co. Meanwhile, the
abnormal expression of metabolism related proteins in
CCD-18-co had been reversed by oxidative stress inhibitor
and autophagy inhibitor (Fig. 4C).

Similarly, oxidative stress inhibitor NAC (8mM) or auto-
phagy inhibitor 3-MA (5mM) was used to treat colorectal can-
cer cells when co-cultured with fibroblast CCD-18-co. The

abnormal expression of metabolism related proteins in colorec-
tal cancer cells had been reversed by oxidative stress inhibitor
and autophagy inhibitor (Fig. 5).

Discussion

The tumor microenvironment that is composed of several cell-
types, including fibroblasts, immune cells, endothelial cells and
adipocytes has recently gained much attention as a critical deter-
minant of tumor progression and clinical outcome.26 Cancer ini-
tiation and progression are largely dependent on the physical
and chemical features of the adjacent environment. CAFs have
been described to play critical roles in initiation, progression and
metastasis of various cancers. Olumi et al. found that CAFs could
induce formation of tumors when simian virus 40-transformed
prostate epithelial cells BPH-1 were coinjected with either CAFs
or normal fibroblasts, indicating that CAFs can initiate tumori-
genesis.27-29 Similarly, neighboring CAFs could promote prolifer-
ation, migration and growth of oral cancer cells (OCCs) through
enhancing the expression of cell cycle-driven proteins.30 How-
ever, the involvement of CAFs in CRCs has not been well
addressed. Our study showed that proliferation of colorectal can-
cer cells co-cultured with fibroblasts or treated with fibroblasts-
conditioned medium increased, meanwhile a paralleled promo-
tion was also observed in fibroblasts co-cultured with colorectal
cancer cells, which means there are synergistic interactions
between tumor cells and microenvironmental fibroblasts.

It is becoming increasingly clear that uncontrolled prolif-
eration of cancer cells is generally associated with altered
energy metabolism. Tumor cells have special metabolic
requirements for their development into 3-dimensional
tumor masses. Glucose is a primary source of energy, which
can be converted to pyruvate via glycolysis in the cytosol,
and subsequently oxidized to produce ATP in the mito-
chondria under aerobic conditions. Under anaerobic condi-
tions, conversion of pyruvate to lactic acid is favored with
relatively low amounts of pyruvate being diverted to the
mitochondria. However, cancer cells primarily acquire
energy from glucose via glycolysis to produce lactic acid,
even under aerobic conditions, a property first observed by
Otto Warburg.31 This “aerobic glycolysis,” also known as
the “Warburg effect”,32 is much less energy-efficient than
the oxidative phosphorylation pathway.33 A recent study
showed that cancer cells may shift metabolic pathways to
facilitate the uptake and incorporation of nutrients into cell
building blocks, such as nucleotides, amino acids and lipids,
that are needed for highly proliferating cells.34 In this study,
we estimated expression of metabolism related enzymes in
CRCs and fibroblasts respectively in a co-culture system.
We found that expression of GAPDH, PKM2, and IDH2 in
CRCs were all unregulated but IDH2 in fibroblasts was
downregulated diversely. All these results indicated that
CRCs in co-culture system appeared a stimulated metabo-
lism phenotype of both glycolytic and oxidative phosphory-
lation pathway, while fibroblasts in co-culture system
presented a restricted oxidative phosphorylation pathway
and an enhanced glycolytic pathway which would serve as
the main energy source of cell proliferation. All these char-
acters were quite another thing from the traditional

Table 1. Effects of CCD-18-co-medium on cell viability of colorectal cancer cells
(LoVo, SW480, and SW620).

Colorectal cell viability (%)

Groups LoVo SW480 SW620

0 100 100 100
10% 151.48C/¡0.37� 109.07C/¡0.09 146.4C/¡0.03�

20% 192.45C/¡0.22��� 138.877C/¡0.07� 167.43C/¡0.08��

40% 267.81C/¡0.08��� 208.597C/¡0.04��� 184.63C/¡0.08���

50% 281.08C/¡0.04��� 192.747C/¡0.03��� 183.14C/¡0.04���

60% 183.831C/¡0.11��� 164.767C/¡0.01�� 141.67C/¡0.05�

80% 133.94C/¡0/14� 135.147C/¡0.1� 129.43C/¡0.1
100% 100.80C/¡0.08 120.056C/¡0.06 106.31C/¡0.05

Data are presented as the mean § standard deviation of 3 independent experi-
ments. �P < 0.05 vs. corresponding negative respectively, ��P < 0.01 versus cor-
responding negative respectively, ���P < 0.0001 vs. corresponding negative
respectively.

Table 2. Effects of colorectal cancer cells (LoVo, SW480, and SW620) medium on
cell viability of CCD-18-co.

CCD-18-co cell viability (%)

Groups CCD-18-co-LoVo CCD-18-co-SW480 CCD-18-co-SW620

0 100 100 100
10% 145.24C/¡0.06� 165.13C/¡0.21� 142.98C/¡0.07�

20% 220.64C/¡0.15�� 193.95C/¡0.14�� 220.04C/¡0.13���

40% 306.89C/¡0.19��� 321.07C/¡0.31��� 380.23C/¡0.11���

50% 459.08C/¡0.38��� 305.89C/¡0.25��� 358.38C/¡0.33���

60% 408.01C/¡0.25��� 285.96C/¡0.16��� 312.22C/¡0.2���

80% 405.94C/¡0.26��� 261.48C/¡0.05��� 260.97C/¡0.11���

100% 390.36C/¡0.41��� 220.02C/¡0.13��� 230.37C/¡0.11���

Data are presented as the mean § standard deviation of 3 independent experi-
ments. �P < 0.05 versus corresponding negative respectively, ��P < 0.01 vs. cor-
responding negative respectively, ���P < 0.0001 versus corresponding negative
respectively.
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“Warburg effect.” CAFs might undergo alterations in carbo-
hydrate metabolism to support the proliferation of cancer
cells. Through glycolysis pathway, CAFs could generate a
lot of high-energy intermediate metabolites (pyruvic acid/
lactic acid. etc.), which served as raw materials to synthesize
proteins and lipids required in the process of tumor growth
and proliferation. Similar results in lung cancer associated
fibroblasts have also been confirmed by Virendra K.
Chaudhri et al.35 Our study revealed that tumor stromal
fibroblasts play an important role in metabolic reprogram-
ming of CRCs.

A recent study found that breast cancer cells could
induce oxidative stress in adjacent cancer associated fibro-
blasts, resulting in the autophagy/lysosomal degradation of
stromal Caveolin-1 (Cav-1) in a co-culture model. A loss of
Cav-1 triggers HIF-1a stabilization in CAFs, with increased
aerobic glycolysis and enhanced autophagy.36 Similarly in
our study, we demonstrated an up-regulated expression of
oxidative stress related enzymes in fibroblasts co-cultured

with colorectal cancer cells by western blotting and immu-
nofluorescence. Meanwhile, an increased expression of auto-
phagy related proteins (LC3 and BNIP3) and a reduced
autophagy metabolites and Cav-1 were also presented in
fibroblasts (Cav-1 in Fig. S1A). Although lots of studies
focused on the regulation of cancer cell metabolism,
whether or not does oxidative stress or autophagy play a
key role in metabolic changes of both colorectal cancer cells
and fibroblasts were unclear. When oxidative stress inhibi-
tors were added to the medium, we found reduced auto-
phagy and proliferation, down-regulated glycolysis enzymes,
and restoring expression of IDH2 and Cav-1 (Cav-1 in
Fig. S1B) in co-cultured CAFs. However in co-cultured
CRCs, both glycolysis enzymes and IDH2 expression were
all downregulated to the levels of CRC cultivated alone in
the presence of oxidative stress inhibitors. Numerous stud-
ies have suggested that inhibition of reactive oxygen species
(ROS) production in cancer cells might be an effective ther-
apeutic strategy for cancer therapy.37-39 A new study

Figure 2. Expression changes of metabolism related proteins were measured by Western blot and enzyme activity assay kits. (A) The expression of proteins involved in
KREBS cycle and glycolytic pathway in colorectal cancer cells. The two neighboring columns represent expression of indicated proteins in cancer cell lines co-cultured
with CCD-18-co compared to their control groups, respectively. b-actin served as control for normalization. �P< 0.05 vs. corresponding negative respectively, ��P < 0.01
versus corresponding negative respectively. (B) The expression of proteins involved in KREBS cycle and glycolytic pathway in CCD-18-co cultured with cancer cells or not.
b-actin served as control for normalization. �P < 0.05 vs. negative respectively, ��P < 0.01 versus negative respectively. (2C&2D) Analysis of PKM2 and IDH2 activities in 3
tumor cell lines. �P < 0.05 vs. negative respectively, ��P < 0.01 versus negative respectively. (2E&2F) Analysis of PKM2 and IDH2 in CCD-18-co cultured alone or co-cul-
tured with tumor cells. �P < 0.01 vs. negative respectively.
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suggests that overexpression of catalase in CAFs-OCCs co-
culture abolished production of ROS, providing a novel evi-
dence for “anti-oxidant therapy”.30 When autophagy inhibi-
tors were added to the medium, we detected the similar
results. And rapamycin, a clinically approved drug, inhibit
cancer by targeting stromal fibroblasts.40,41 Meanwhile a
study found that NAC inhibits mTOR.42 And the results in
our study demonstrated that oxidative stress induced by
colorectal cancer cells could stimulate autophagy in CAFs,
which then led to intensive glycolysis and attenuated aero-
bic oxidation. The high-energy compounds (pyruvic acid/
lactic acid) generated in glycolysis were either supplied to
fast-growing tumor cells or used to maintain the upregu-
lated autophagy state of CAFs themselves.43,44

In summary, this study provided evidences that colorec-
tal cancer cells could induce oxidative stress in

microenvironmental fibroblasts, which were then undergone
metabolic changes, including increased expression of glyco-
lytic enzymes, reduced KREBS cycle enzymes and auto-
phagy. Oxidative stress inhibitors and autophagy inhibitors
could inhibit the metabolic reprogramming between tumor
cells and fibroblasts. Increased autophagy is believed to pro-
mote survival of cancer cells by providing nutrients (pyruvic
acid/lactic acid) for cancer proliferation and/or as a protec-
tion against oxidative damage. Studies of autophagy in
tumors have focused on cancer cells.38 However our studies
provided evidence that an autophagy was increased in fibro-
blasts of the tumor microenvironment, suggesting that alter-
ations of autophagy within tumors were not restricted to
the cancer cells. Increased CAFs autophagy might not only
provide a survival benefit for CAFs in the tumor, but also
contribute to the protumorigenic effects of CAFs, since

Figure 3. Expression of oxidative stress and autophagy related proteins in fibroblasts co-cultured with colorectal cancer cells were measured by western blot and immu-
nofluorescence. (A) Expression of oxidative stress related proteins SOD2 and GSTP1 in CCD-18-co cells co-cultured with tumor cells, b-actin served as loading control. �P
< 0.05 versus negative respectively, ��P < 0.01 vs. negative respectively. (B) Immunofluorescence observation of SOD2 (red) in CCD-18-co cells co-cultured with tumor
cells (63£). (C) Expression of autophagy related proteins LC3, BNIP3 and p62 in CCDs co-cultured with tumor cells. ��P < 0.01 versus negative respectively. (D) Immuno-
fluorescence observation of LC3 (green) in CCDs co-cultured with tumor cells (63£).
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Figure 4. Expression changes of metabolic related proteins in CCD-18-co after being treated with inhibitor NAC or 3-MA. (A) Immunofluorescence observation of SOD2
(red) in co-cultured CCD-18-co cells in the presence of oxidative stress inhibitor NAC or autophagy inhibitor 3-MA (63£). (B) Immunofluorescence observation of LC3
(green) in co-cultured CCD-18-co cells in the presence of oxidative stress inhibitors NAC or autophagy inhibitor 3-MA (63£). (C) Expression of metabolism related proteins
(IDH2, PKM2, and GAPDH), oxidative stress related proteins (SOD2 and GSTP1) and autophagy related proteins (LC3, BNIP3, and p62) in CCDs co-cultured with colorectal
cancer cells under treatment of NAC or 3-MA, respectively. b-actin served as loading control. �P < 0.05 vs. negative respectively, ��P < 0.01 versus negative respectively.
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CAFs thriving in the tumor would be able to support cancer
cells and tumor growth. Therefore, oxidative stress and
autophagy inhibitors might be used as potential drugs for
the treatment of colorectal cancer, by interfering with meta-
bolic reprogramming of the tumor microenvironment.
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