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Background: Checkpoint kinase 1 (CHK1) plays an important role in DNA damage response 
and cell cycle progression. Thus, targeting CHK1 is an efficient strategy for cancer therapy.
Purpose: The present study aimed to investigate the potential therapeutic effects of GDC- 
0575, a CHK1-specific inhibitor, in colitis-associated cancer (CAC) and colitis.
Methods: We established a DSS-induced acute colitis model and an azoxymethane/dextran 
sodium sulfate (DSS)-induced CAC model using mice and tested the effect of GDC-0575 on 
them. Flow cytometry and immunofluorescence were employed to investigate the infiltration 
of immune cells, and inflammatory cytokine expression in the colon of mice with CAC or 
colitis was investigated using ELISA and qPCR. We also investigated the correlation 
between CHK1 and CCL2/CCR2 in human colorectal cancer (CRC) tissues.
Results: Administration of GDC-0575 significantly inhibited CHK1 expression in the colon 
and dramatically impaired the development of CAC and colitis in mice. Moreover, the 
inhibition of CHK1 expression resulted in efficient inhibition of infiltration by iNOS-positive 
macrophages, but had no significant effect on CD4 T cells, CD8 T cells, and myeloid-derived 
suppressor cells (MDSCs). Significant downregulation of TNF-α, IL-6, and IL-1β and dramatic 
upregulation of IL-10 were observed in the colons of both mice with CAC and colitis treated 
with GDC-0575. CCL2 expression was also downregulated by GDC-0575 in both mice with 
CAC and colitis; this was followed by the inhibition of CCR2+ macrophage infiltration in the 
colon. Furthermore, we report a positive correlation between CHK1 expression and CCL2/ 
CCR2 expression in the malignant tissues of patients with CRC.
Conclusion: Taken together, we infer that GDC-0575 impairs the development of CAC and 
colitis by regulating cytokine expression and inhibiting CCR2+ macrophage infiltration in 
mice colon.
Keywords: colitis, colitis-associated cancer, CHK1, macrophage

Introduction
Colorectal cancer (CRC), one of the most prevalent cancers, is a leading cause of 
cancer-related deaths worldwide.1,2 CRC development is influenced by multiple risk 
factors, such as age, genetics, and the environment, and is often associated with an 
inflammatory response.3–5 Chronic inflammatory diseases of the intestinal tract, such 
as ulcerative colitis (UC) and Crohn’s disease, significantly increase the risk of devel-
oping CRC.6–8 The activation of STAT3 and NF-κB signaling, release of cytokines, and 
immune modulation have been demonstrated to be involved in colitis-induced CRC 
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progression by increasing the risk of gene mutations and 
epigenetic changes.9–11 It is seen that 18% of the patients 
with UC develop CRC.12

Initiation, progression, and resolution, and restoration of 
tissue integrity are the different stages of inflammation.13,14 

Inflammatory monocytes and macrophages play a regulatory 
role in the initiation and resolution stages.13,14 In response to 
inflammatory mediators, macrophages express inducible nitric 
oxide synthase (iNOS) and release high levels of TNF-α, IL-6, 
IL-1β, and other pro-inflammatory cytokines.15,16 During the 
development of colitis and CAC, macrophages are activated 
and recruited by the DSS-induced inflammatory environment 
and proinflammatory cytokines, and release inflammatory 
cytokines that aggravate this development.17,18 Therefore, tar-
geting macrophages and inflammatory cytokines is a potential 
therapeutic strategy for colitis and CAC.19

Checkpoint kinase 1 (CHK1) functions as a Ser/Thr 
protein kinase that regulates cell cycle in response to DNA 
damage.20 Various studies have demonstrated the multifunc-
tional role played by CHK1 in regulating replication origin 
firing, stabilizing stalled replication forks, and creating a time 
window for resolving DNA lesions.21 Owing to the role of 
CHK in cancer progression, CHK1 inhibitors, like GDC- 
0575 and prexasertib, have been used as monotherapies and 
in combination with chemotherapy for multiple preclinical 
models of solid tumors.22–24 To date, more than 15 trials on 
various CHK1 inhibitors, primarily in combination with 
gemcitabine, have been investigated.20,25 Combination of 
GDC-0575 with G-CSF overrides cytarabine resistance in 
human acute myeloid leukemia.26

The present study aimed to investigate the potential 
function of CHK1 in CAC and colitis in mice. GDC- 
0575, a inhibitor of CHK1, was used to treat mice with 
CAC or colitis. Immune cell infiltration and inflamma-
tory cytokine expression in response to treatment of the 
mouse models with GDC-0575 were measured using 
flow cytometry, immunofluorescence, and ELISA. The 
correlation between CHK1 expression and CCL2/CCR2 
expression was investigated in CRC tissues. Our results 
serve as evidence to clarify the function and mechanism 
of CHK1 in the context of CAC and colitis development 
and present a potential therapeutic target for CAC.

Materials and Methods
Animal Study
C57 mice (7–8 weeks old, 20 g, male) were purchased from 
HFKbio (Beijing, China) and housed under specific 

pathogen-free conditions with free access to sterile, distilled 
water, and food. A colitis-associated cancer model was estab-
lished as described in previous studies.27,28 Azoxymethane 
(AOM, Sigma, MA, USA) was intraperitoneally injected 
once (10 mg/kg body weight), followed by three cycles of 
dextran sulfate sodium (2% DSS prepared in drinking water 
for one week, and normal drinking water for 2 weeks in one 
cycle). At 15, 17, 19, and 21 days post AOM injection, GDC- 
0575 was administered orally at a final concentration of 
7.5 mg/kg. The control group was administered DMSO. At 
10 weeks post AOM injection, the mice were sacrificed, and 
the colons were collected. Macroscopic tumors in each colon 
were counted and measured using digital calipers. In case of 
the acute colitis model, 3% DSS dissolved in drinking water 
was used to feed the mice for 7 days, followed by 7 days of 
normal drinking-water feeding. GDC-0575 was orally admi-
nistered on days 8 and 10 after 3% DSS treatment. The body 
weight and survival of the mice were recorded daily. Stool 
consistency and occult blood were scored as described 
previously.29 Bleeding scores: 3 = gross rectal bleeding, 2 = 
blood traces in stool visible, 1 = positive hemoccult, 0 = no 
blood hemoccult. Stool scores: 3 = liquid stools that adhered 
to the anus, 2 = semi-formed stools that adhered to the anus, 1 
= semi-formed stools that did not adhere to the anus, 0 = 
well-formed pellets. Ten mice were included in each group. 
All the animal experiments were approved by the Ethics 
Committee of Jishou University following the guidelines of 
Laboratory Animal Welfare and Ethics Committee of Jishou 
University.

Histological Staining
Whole colon tissues were fixed with 4% paraformaldehyde 
at room temperature (22–25 °C) for 48 hours. After dehy-
dration, the colon tissues were embedded in paraffin. 
Histological examination was performed in accordance 
with the manufacturer’s instructions in the H&E staining 
kit (Beyotime, Beijing, China). Colitis gradation was 
scored according to a previous report (Table 1).29

Immunohistochemistry (IHC) and 
Immunofluorescence
The IHC and immunofluorescence were performed on 
4-micrometer sections of paraffin-embedded tissues. After 
deparaffinization and rehydration in water, the samples were 
subjected to antigen retrieval using euro neurite repair solution 
under high temperature/high pressure for 3 min. After block-
ing with goat serum for 15 min at room temperature, the 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                           

OncoTargets and Therapy 2021:14 2662

Li et al                                                                                                                                                                 Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


sections were incubated with antibodies against CHK1 
(Origene Technologies), CCL2 (Abcam), CCR2 (Abcam), 
F4/80 (Proteintech), and iNOS (Proteintech) at 4 °C overnight. 
For IHC, a detection system from Zsbio (SP9001, SP9002, 
Beijing, China) was used as per the manufacturer’s instruc-
tions. Positive cells were detected using a DAB kit (Maixin, 
Fuzhou, China). For immunofluorescence, sections were incu-
bated with fluorescein isothiocyanate-conjugated secondary 
antibody and Texas red-conjugated secondary antibody at 37 
°C for 1 hour. The nuclei were stained with 4′,6-diamidino- 
2-phenylindole (DAPI; Beyotime, Beijing). The positive cells 
and total cells in each frame were counted to calculate the 
percentage of positive cells. All images were acquired on an 
Olympus BX51 microscope (Tokyo, Japan). The positive cells 
and total cells in each frame were counted and the percent of 
positive cells were calculated by positive cells/total cells.

Quantitative PCR
Total RNA was extracted from whole colon tissues using 
TRIzol (Invitrogen, CA, USA), following as per the man-
ufacturer’s instructions. RNA purity and concentration 
were monitored using a NanoDrop ND-2000 spectrophot-
ometer (Thermo Fisher Scientific, CA, USA). One micro-
gram of total RNA was used as template to synthesize 
cDNA using the SuperScript III Reverse transcriptase 
assay (Invitrogen, CA, USA). TaqMan Gene Expression 
Master Mix (Thermo Fisher Scientific, CA, USA) was 
used for real-time qPCRs with a StepOne Real-Time 
PCR System (Applied Biosystems, CA, USA). GAPDH 
was used as the loading control. The results of qPCR were 
analyzed using the conventional ΔΔCt method.

Flow Cytometry
Colonic lamina propria immunocytes were isolated as pre-
viously described.30 Briefly, the whole colon was collected 
and washed three times with ice-cold PBS (Invitrogen, CA, 
USA). After cutting into small pieces, the colons were 
digested in 20 mL RPMI 1640 containing 5% fetal calf 
serum, 5 mM ethylenediaminetetraacetic acid (EDTA; pH 
8.0, Sigma, MA, USA), and 1 mM dithiothreitol (DTT, 
Sigma, MA, USA)) at 37 °C for 25 min. The remaining 
tissues were digested in 20 mL RPMI 1640 containing 5% 
fetal calf serum, 0.2% type IV collagenase (Invitrogen, CA, 
USA), and 0.025% DNase I (Invitrogen)) at 37 °C for 50 
min. The supernatant was collected and resuspended in ice- 
cold PBS containing 3% fetal bovine serum (FBS; Gibco) 
and 0.2% EDTA. Then, blocking was done with Fc-block 
(BD Biosciences, USA) and stained with the following anti-
bodies: CD45 (cat. no. 103,116), F4/80 (cat. no. 123,108), 
CD11b (cat. no. 101,228), Ly6G (cat. no. 127,623), which 
were obtained from BioLegend, CD4 (cat. no. 553,030), and 
CD8 (cat. no. 100,722), obtained from BD Bioscience. Data 
were acquired and analyzed using a NovoCyte flow cyt-
ometer (ACEA Biosciences, USA).

Enzyme-Linked Immunosorbent Assay
The colons were collected and washed three times with 
ice-cold PBS (Invitrogen, CA, USA). After cutting into 
pieces, the colons were lysed with ice-cold lysis buffer 
(RIPA lysis buffer with 1% protease inhibitor cocktail 
(Beyotime, Beijing, China). After lysing for 30 min on 
ice and centrifuging at 12,000 g (4 °C) for 15 min, the 
supernatant was collected and subjected to the BCA 
assay for protein concentration determination 
(Beyotime, Beijing, China). The expression of TNF-α, 
CCL-2, IL-10, IL-1β, cyclooxygenase-2 (COX-2) and 
IL-6 was determined using an ELISA kit 
(NeoBioscience, Shenzhen, China) according to the man-
ufacturer’s instructions.

Statistical Analysis
All statistical analyses were performed using GraphPad 
Prism 7.0. Results are expressed as mean ± standard error 
(mean ± SE). Student’s t-test was used to calculate the 
P values for the comparison of the two groups. Log-rank 
(Mantel–Cox) test was used to calculate the P values by 
comparing the mouse survival curves. A level of P<0.05 
was considered to be significant.

Table 1 Colitis Gradation Was Scored According to a Previous 
Report29

Colitis Gradation 
Score

0 No evidence of inflammation

1 Low level of inflammation with scattered 

infiltrating mononuclear cells (1–2 foci)

2 Moderate inflammation with multiple foci

3 High level of inflammation with increased 

vascular density and marked wall thickening

4 Maximal severity of inflammation with 

transmural leukocyte infiltration and loss of 

goblet cells

Note: The tumor area was analyzed using ImageJ.
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Results
GDC-0575 Impairs the Development of 
Colitis-Associated Cancer in Mice
To investigate the function of CHK1 in CAC, GDC- 
0575 was used to treat mice with CAC. After euthaniz-
ing the mice, the colons were collected, and the effects 
of GDC-0575 were examined using immunohistochem-
ical staining. The results indicated that GDC-0575 sig-
nificantly inhibited the expression of colonic CHK1 in 
CAC mice (Figure 1A). Further results indicated that 
the inhibition of CHK1 by GDC-0575 dramatically 
impaired the development of CAC in mice, as evi-
denced by the lower tumor count and smaller tumoral 
area in the colons of CAC mice compared to those of 
the control mice (Figure 1B–D). H&E staining 
also indicated that the tumors formed specifically in 
the colons of the CAC-DMSO group, and 
decreased tumor sizes were observed in the colons of 
the GDC-0575-treated mice with CAC (Figure 1E). 
The PCNA staining results indicated that GDC-0575 
efficiently attenuated the proliferative ability of 
colonic cells in CAC mice (Figure 1F). Altogether, 
these results demonstrate that inhibition of CHK1 by 
GDC-0575 significantly impaired CAC development in 
mice.

GDC-0575 Impairs the Development of 
Colitis in Mice
Colitis plays an important role in the development of 
CAC. Thus, we aimed to determine the role of CHK1 
in colitis by administering GDC-0575 to mice with 
colitis for treatment. Quantitative PCR results indicated 
that GDC-0575 efficiently downregulated the expres-
sion of colonic CHK1 in mice with colitis (Figure 2A). 
Mice with low colonic CHK1 expression exhibited 
long survival times and low mortality during colitis 
development (Figure 2B). Body weight analysis indi-
cated that GDC-0575 markedly attenuated colitis- 
induced weight loss (Figure 2C), hemoccult (Figure 
2D), and stool consistency (Figure 2E) in mice. As 
shown in Figure 2F, the colons collected from the 
GDC-0575 group were longer than those collected 
from the DMSO group, thereby indicating that the 
inhibition of CHK1 significantly attenuated colitis- 
induced colon shortening in mice (Figure 2G). The 
H&E staining results indicated that the goblet cells 
were disrupted and inflammatory cells infiltrated the 

colons of the control mice (Figure 2H). However, less 
inflammatory injury was detected in the colons of mice 
with colitis that received GDC-0575 treatment (Figure 
2H). These results indicate that GDC-0575 impairs the 
development of colitis in mice.

GDC-0575 Inhibits Macrophage 
Infiltration in Colon
Immune cells, including T cells, macrophages, and 
MDSCs, participate in the pathogenesis of colitis and 
CAC. Flow cytometry was performed to determine the 
infiltration of immune cells in the colons of DMSO- or 
GDC-0575 treated CAC mice. As shown in Figure 3A, 
no significant differences were found in the infiltration 
of T cells (CD4 and CD8) and MDSCs among the 
colons from the DMSO and GDC-0575 groups. 
However, a significant reduction in macrophage infiltra-
tion was observed in the colons of the GDC-0575- 
treated CAC mice compared to that in DMSO-treated 
mice with CAC (Figure 3A). Further, immunofluores-
cence staining results indicated that the number of 
iNOS-positive macrophages in the colons of the GDC- 
0575-treated mice with CAC was less than that in the 
colons of the DMSO-treated mice with CAC (Figure 
3B). The number of iNOS-positive macrophages in the 
colons of the GDC-0575-treated mice with colitis was 
also lower than that in the colons of the DMSO-treated 
mice with colitis (Figure 3C). Altogether, inhibition of 
CHK1 impaired the infiltration of macrophages in the 
colon of mice with CAC and colitis.

GDC-0575 Regulates Inflammatory 
Cytokine Expression in Colon
To determine the potential role of GDC-0575 in inflam-
matory cytokine expression, colonic tissues were col-
lected for protein extraction and ELISA analysis. As 
shown in Figure 4A, the inhibition of CHK1 signifi-
cantly inhibited the expression of TNF-α, IL-6, IL-1β, 
and COX-2 and markedly increased the expression of 
IL-10 in mice with CAC. Our results indicated 
a significant reduction in TNF-α, IL-6, IL-1β, and 
COX-2 levels and a significant increase in IL-10 expres-
sion in mice with colitis as well (Figure 4B). The above 
results confirmed the regulatory role of CHK1 in inflam-
matory cytokine expression in the colon of mice with 
CAC and colitis.
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GDC-0575 Inhibits CCL2 Expression and 
CCR2+ Macrophage Infiltration in the Colon
CCL2 is an important cytokine involved in macrophage 
infiltration. CCL2 expression in the colons of mice 

with CAC and colitis was determined using 
ELISA and qPCR. The results indicated that GDC- 
0575 markedly inhibited the expression of colonic 
CCL2 in both the CAC and colitis mice at the protein 

Figure 1 GDC-0575 impairs the development of colitis-associated cancer in mice. (A) IHC staining of CHK1 expression in colons of CAC mice treated with DMSO or GDC-0575. 
The percentage of CHK1 positive cells in each frame was analyzed. Scale bar = 100 μm. (B) Image of colons of CAC mice treated with DMSO or GDC-0575. (C) The tumor number 
in colons of CAC mice treated with DMSO or GDC-0575 (n=5, **p<0.01). (D) The tumor area in colons of CAC mice treated with DMSO or GDC-0575 (n=5, **p<0.01). (E) H&E 
staining of colons from colons from CAC mice treated with DMSO or GDC-0575. The tumor area in each frame was analyzed (n=4, **p<0.01). Scale bar = 200 μm. (F) IHC staining 
of PCNA expression in colons of CAC mice treated with DMSO or GDC-0575. The percentage of PCNA positive cells in each frame was analyzed. Scale bar = 100 μm, **p<0.01.
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(Figure 5A) and mRNA level (Figure 5B). 
Immunofluorescence indicated that various CCR2+ 

macrophages infiltrated the colons of mice with CAC, 

and that the number of CCR2+ macrophages in the 
colons of CAC mice treated with GDC-0575 was 
decreased (Figure 5C). Similar inhibition of CCR2+ 

Figure 2 GDC-0575 impairs the development of colitis in mice. (A) qPCR analysis of CHK1 expression in colons of colitis mice treated with DMSO or GDC-0575 (n=3, 
**p<0.01). (B) The survival analysis of colitis mice treated with DMSO or GDC-0575 (n=10, Log-rank (Mantel-Cox) test). (C) The body weight analysis of colitis mice 
treated with DMSO or GDC-0575 (n=5, **p<0.01). (D) Hemoccult analysis of colitis mice treated with DMSO or GDC-0575 (n=5, **p<0.01). (E) Stool consistency analysis 
of colitis mice treated with DMSO or GDC-0575 (n=5, **p<0.01). (F) Image of colons of colitis mice treated with DMSO or GDC-0575. (G) Colon length of colitis mice 
treated with DMSO or GDC-0575 (n=5, **p<0.01). (H) H&E staining of colons from colons from colitis mice treated with DMSO or GDC-0575. The histologic score was 
analyzed (n=5, **p<0.01; Scale bar = 200 μm).
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macrophage infiltration was also observed in 
the colons of colitis mice treated with GDC-0575 
(Figure 5D). Altogether, these results indicate 

that CCL2 expression and CCR2+ macrophage 
infiltration were inhibited by GDC-0575 in CAC and 
colitis mice.

Figure 3 GDC-0575 inhibits the infiltration of macrophages in colons. (A) Flow cytometry analysis of immune cells infiltration in colons of CAC mice treated with 
DMSO or GDC-0575 (n=3, **p<0.01). (B) Immunofluorescence staining of F4/80 and iNOS expression in colons of CAC mice treated with DMSO or GDC-0575. 
The percentage of F4/80 and iNOS positive cells in each frame was analyzed (n=3, **p<0.01; Scale bar = 200 μm). (C) Immunofluorescence staining of F4/80 and 
iNOS expression in colons of colitis mice treated with DMSO or GDC-0575. The percentage of F4/80 and iNOS positive cells in each frame was analyzed (n=3, 
**p<0.01; Scale bar = 200 μm). 
Abbreviation: ns, no significant difference.
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CHK1 is Positively Correlated with CCL2 
and CCR2 Expression in Colorectal Cancer 
Tissues
Based on the analysis of colonic tissues in mice, our 
results indicate the regulatory role of CHK1 on CCL2 
expression and CCR2+ macrophage infiltration. We con-
firmed the regulatory role of CHK1 by performing IHC 
staining of malignant tissues from patients with CRC. As 
shown in Figure 6A, high expression of CCL2 and CCR2 
was observed in malignant tissues with a high expression 
of CHK1. The number of CHK1-, CCL2-, and CCR2- 
positive cells was calculated for each sample. Pearson 
correlation analysis indicated that CHK1 expression was 
positively correlated with the expression of CCL2 and 
CCR2 in CRC tumors (Figure 6B and C). These results 
provide further evidence for the regulatory role of CHK1 
in CCL2/CCR2 expression in CRC tumors.

Discussion
Previous studies have demonstrated a direct relationship 
between chronic pancreatitis and pancreatic cancer,31,32 

Barrett’s esophagus and esophageal cancer,33 and 
Helicobacter pylori and gastric cancer.34 Patients with 
inflammatory bowel disease have also been reported to 
have a high probability of developing CAC.12 In the pre-
sent study, we demonstrated that GDC-0575 impairs the 
development of CAC and colitis in mice, and that GDC- 
0575 might have contributed to the inhibition of macro-
phage infiltration and activation in the colon of mice. 
Administration of GDC-0575 significantly reduced TNF- 
α, IL-6, and IL-1β expression and increased IL-10 

expression. CCL2 expression was also downregulated by 
GDC-0575 in CAC and colitis mice; this downregulation 
was followed by the inhibition of CCR2+ macrophage 
infiltration in the colon. Further results confirmed 
a positive correlation between CHK1 expression and 
CCL2 and CCR2 expression in the malignant tissues of 
patients with CRC. The present study suggests that GDC- 
0575 has an inhibitory role in the development of CAC 
and colitis by regulating cytokine expression and inhibit-
ing CCR2+ macrophage infiltration. Taken together, we 
infer that the administration of GDC-0575 is a potential 
therapeutic strategy for CAC and colitis.

Several studies have demonstrated the oncogenic func-
tion of CHK1 in various cancers. In solid tumor cells, 
CHK1 has been reported to be involved in controlling 
cell cycle progression by inducing CDC25 
degradation.35,36 Furthermore, inhibition of CHK1 activity 
in Ewing sarcoma cells has been reported to result in DNA 
damage and apoptosis by promoting CDK2-mediated 
degradation of RRM2.37 The activation of CHK1 also is 
also a step in the development of resistance in several solid 
tumors against irradiation and chemotherapy.38,39 The spe-
cific inhibitor GDC-0575, which targets CHK1, has been 
in development for two decades.40,41 Treatment with 
GDC-0575 has been reported to delay tumor growth in 
xenograft models.40 A Phase I study has indicated that 
GDC-0575 can be safely administered as a monotherapy 
and in combination with gemcitabine, and that it has pre-
liminary antitumor activity in several solid tumors, includ-
ing those of breast cancer.41 In our study, we investigated 
the potential role of CHK1 in CAC, and demonstrated that 
GDC-0575 has efficient antitumor activity in mice. 

Figure 4 GDC-0575 regulates inflammatory cytokines expression in colons. (A) ELISA analysis of TNF-α, IL-6, IL-1β, COX-1, and IL-10 expression in colons of CAC mice 
treated with DMSO or GDC-0575 (n=3, **p<0.01). (B) ELISA analysis of TNF-α, IL-6, IL-1β, COX-2 and IL-10 expression in colons of colitis mice treated with DMSO or 
GDC-0575 (n=3, **p<0.01).
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Furthermore, the inhibition of GDC-0575 attenuated DSS- 
induced colonic damage in mice and the expression of pro- 
inflammatory cytokines in mice with colitis. These results 
indicate that GDC-0575 has anti-tumor and anti- 

inflammatory functions in mice; however, studies with 
large sample sizes and human patients are needed to 
further investigate the potential therapeutic application of 
GDC-0575.

Figure 5 GDC-0575 inhibits CCL-2 expression and CCR2+ macrophages infiltration in colons. (A) ELISA analysis of CCL2 expression in colons of CAC mice and colitis 
mice treated with DMSO or GDC-0575 (n=3, **p<0.01). (B) ELISA analysis of CCL2 expression in colons of CAC mice and colitis mice treated with DMSO or GDC-0575 
(n=3, **p<0.01). (C) Immunofluorescence staining of F4/80 and CCR2 expression in colons of CAC mice treated with DMSO or GDC-0575. The percentage of F4/80 and 
CCR2 positive cells in each frame was analyzed (n=3, **p<0.01; Scale bar = 200 μm). (D) Immunofluorescence staining of F4/80 and CCR2 expression in colons of colitis 
mice treated with DMSO or GDC-0575. The percentage of F4/80 and CCR2 positive cells in each frame was analyzed (n=3, **p<0.01; Scale bar = 200 μm).
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Macrophages are a class of monocytes that play 
a crucial role in inflammation and immune responses.42 

In the development of colitis and CAC, macrophages 
infiltrate the colon and release a series of cytokines to 
remodel the affected microenvironment and promote the 
initiation and progression of colon cancer.43–45 The inhibi-
tion of macrophage infiltration or activation induces an 
efficient antitumor and anti-colitis effect, respectively, in 
mice and also in clinical use for humans.43,46,47 Our study 
demonstrated that the number of activated macrophages 
that infiltrated the colons of GDC-0575-treated CAC and 
colitis mice decreased compared with that of the DMSO- 

treated control mice; this decrease was accompanied by 
a reduction in the expression of pro-inflammatory cyto-
kines that were released by the infiltrating macrophages. 
The expression of CCL2, which is required for the expres-
sion of CCR2 in macrophages,48,49 was downregulated in 
the GDC-0575-treated colitis and CAC mice; following 
the reduction of CCL2, the infiltration of CCR2-positive 
macrophages was inhibited. Thus, we speculated that 
GDC-0575 inhibits CCL2 expression and CCR2+ macro-
phage infiltration in mice colon. However, the molecular 
mechanism underlying the regulatory cascade of CHK1 
upon CCL2 expression remains unclear. The results of 

Figure 6 CHK1 correlates with CCL2 and CCR2 expression in colorectal cancer tissues. (A) IHC staining of CHK1, CCL2 and CCR2 expression in colorectal cancer 
tissues. Scale bar = 100 μm. (B) Correlation analysis of the percentage of CHK1 and CCL2 positive cells in each sample (n=20, r = 0.7233). (C) Correlation analysis of the 
percentage of CHK1 and CCR2 positive cells in each sample (n=20, r = 0.6174).
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CCL2 mRNA expression in AOM/DSS model and 3% 
DSS model shown that GDC-0575 inhibits the transcrip-
tion of CCL2, which indicated that CHK1 regulates the 
CCL2 expression at transcriptional level. Further studies 
are required to elucidate the details of this mechanism. 
Altogether, the present study provides evidence regarding 
the function and mechanism of CHK1 in regulating the 
development of CAC and colitis. The use of GDC-0575, 
a specific inhibitor of CHK1, is a potential therapeutic 
strategy for CAC and colitis. Further studies are necessary 
to determine the adverse effects of GDC-0575 administra-
tion in mice.
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